
u n i ve r s i t y  o f  co pe n h ag e n  

The Forensic Science Regulator Bill

Articulating normative standards in a forensic market

Richmond, Karen McGregor

Published in:
EURAS Proceedings 2020

Publication date:
2020

Document version
Version created as part of publication process; publisher's layout; not normally made publicly available

Citation for published version (APA):
Richmond, K. M. (2020). The Forensic Science Regulator Bill: Articulating normative standards in a forensic
market. In K. Jakobs, & D-H. Kim (Eds.), EURAS Proceedings 2020: Standards for Digital Transformation:
Blockchain and Innovation (pp. 245 - 259). Verlag Mainz.

Download date: 25. maj. 2023

https://curis.ku.dk/portal/da/persons/karen-mcgregor-richmond(3fbda6bc-05ca-45db-a180-0b39d0ba0085).html
https://curis.ku.dk/portal/da/publications/the-forensic-science-regulator-bill(5c7957ef-52cf-4212-a4ae-df67a7312fe9).html
https://curis.ku.dk/portal/da/publications/the-forensic-science-regulator-bill(5c7957ef-52cf-4212-a4ae-df67a7312fe9).html


 i 

 
 
 
 
 

Proceedings 
 
 

25th EURAS Annual Standardisation Conference 
– Standards for Digital Transformation: Blockchain and Innovation – 

 
Should have been held 10 – 12 June 2020, Glasgow, Scotland 

  
 
 
 
 
 
 
 
 
 
 
 
 

Edited by 
Kai Jakobs 

Dong-hyu Kim 
  



 ii 



 iii 

EURAS CONTRIBUTIONS TO STANDARDISATION RESEARCH 
 
Published by: European Academy for Standardisation (EURAS) e.V. 
Series Editor: Kai Jakobs 
Cover design: Roelf-Jan de Vries 

 
  



 iv 

  



 v 

 

Preface 

 

Bloody Covid-19 ……. 

It would have been the first time for EURAS to go to the UK or, more precisely, to Scotland. 
And like probably many others I had been looking forward to this trip. After all, I haven’t 
been to Glasgow for quite a while and it would have been a great opportunity for a side trip to 
my alma mater. But, alas, not this year. So, let’s hope for 2021, when we will have a second 
go. 

This year’s conference theme would have been ‘Standards for Digital Transformation: 
Blockchain and Innovation’. A pretty hot topic – Blockchains are widely believed to be a 
major pillar of future digital systems, with potential applications in a wide range of sectors, 
including but certainly not limited to finance, health care, energy and logistics. Most likely 
they are here to stay1, so we will catch up on this next year. 

We didn’t have a conference this year, but we do have ‘proceedings’. We produced them in 
order to not let the authors down (who had already been deprived of a trip to Glasgow). So, 
pour yourself a dram, read and enjoy (I know that’s cold comfort and not a substitute for the 
real thing, but still). 

 

 

 
Kai Jakobs 

(for the EURAS Board) 
 
  

                                                
1 Just in case you are interested: Some colleagues of mine here at RWTH have recently shown that illegal 

content may be found in a Blockchain in a not inconsiderable number of cases. In fact, said content would 
frequently render the mere possession of a Blockchain illegal. Search for “A Quantitative Analysis of the Impact 
of Arbitrary Blockchain Content on Bitcoin”. 
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Rule-setting and innovation in a globalising economy:  
Do standards and regulations affect innovation differently? 

Knut Blind1,2 and Florian Münch1 

1Technical University Berlin, Chair of Innovation Economics 
2Fraunhofer Institute of Systems and Innovation Research 

knut.blind@tu-berlin.de, f.muench@tu-berlin.de  

Abstract: The emergence of transnational production has transformed the 
‘rules’ of modern market economies. National regulation has been reduced 
and harmonised, international standards skyrocketed while national 
standards stagnated. We reason that the ‘rules’ of market economies 
structure the incentives to invest in commercialising innovative products 
and thus foster or hinder innovation-driven technological progress and, 
ultimately, growth. We provide a conceptual framework and contrast the 
effect of public rules (regulation) and private rules (national and 
international standards) on innovation input (R&D expenditure) and 
innovation output (patents) in 26 countries between 1998 and 2013 
empirically. Our results suggest that national standards have no association 
with R&D expenditure but are negatively associated with patenting in the 
short term. International standards, in comparison, are positively 
associated with short term R&D expenditure and patenting. Finally, 
regulation has no immediate but only a long-term negative effect on R&D 
expenditure but has an immediate and long-term negative effect on 
patenting. The results provide evidence that international standards create 
while national standards reduce incentives to commercialise innovative 
products in a globalising economy. In addition, the results call to 
investigate further the motives and socio-economic impact of de-regulation 
on innovation given we find increases in innovation output (patents) 
although de-regulation leaves short-term innovation input (R&D 
expenditure) unchanged. 

1 Introduction 
Regulation and standards set the rules of modern market economies. Rules determine and 
structure the incentives to invest in commercialising innovative products, and thus rules foster 
or hinder innovation-driven technological progress and ultimately growth. The rules of 
modern market economies have been challenged and transformed through globalisation and 
the emergence of transnational production in recent decades. Regulations were withdrawn and 
harmonised, international standards expanded, and national standards grew moderately on 
average, stagnated or decreased in specific countries (see figure 1 and appendix for particular 
countries). Different countries adopted different approaches, which provides us with 
interesting variation to explore.1 Some adopted mostly international standards (e.g., the 
Netherland or Estonia), whereas others expanded national standards (e.g., Hungary, Turkey, 

                                                
1 See Appendix for evolution of main explanatory variables in each country. 
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the United States). The de-regulation of national markets enabled the entrance of new national 
competitors and foreign champions, which opened up new business opportunities that allowed 
national champions to grow into multinational companies but also intensified competition. 
The fall of tariffs thanks to the creation of the World Trade Organization (WTO) turned so-
called “technical barriers to trade” (TBT) - essentially technical regulations and standards - 
into the main tariff barriers to trade. While international standards created global markets for 
homogenous goods where firms from different countries can compete at arm-length, national 
standards, and technical regulations led to a rise in disputes about TBT’s at the WTO (see 
figure 2). Patent Convention Treaty (PCT) patents provide applicants with the opportunity to 
protect inventions in all 150 signatory countries rather than in one single market.2 PCT 
patents are commercially very attractive, in particular for multinational corporations, in a 
globalising economy with low tariffs, high competition and the danger of imitation. We 
conceptualise and investigate in the following how the changes of the rules that govern 
modern market economies during the recent globalisation of production have affected 
innovation. 

 
Figure 1 

Interestingly, the conceptual impact of rules on innovation and technological progress is far 
from being clear-cut. The prevalent liberal view regards regulation as “red-tape”, prone to 
capture from vested interests, a “barrier to innovation” and “a burden on businesses” that 
stifles entrepreneurship, creativity and innovation (Alesina et al., 2005; Baldwin et al., 2000). 
An alternative view of regulations – that they trigger creativity, technological upgrading and 
innovation under certain conditions - became prominent thanks to the Porter-Hypothesis 
(Chakraborty and Chatterjee, 2017; Porter and Van der Linde, 1995). The same is valid for 
standards. While the traditional view used to be that standards are a barrier to innovation, the 
more recent and prevalent idea is that standards are a catalyst or enabler of innovation (Blind, 
2009; Choi et al., 2011; Swann, 2010, 2000). A firm survey among British enterprises 
illustrates empirically why the theoretical impact is fiercely debated (Swann and Lambert, 
2010). About 60 percent of respondents reported standards were a source of information and 
regulation a constrained to innovation. The other respondents reported that regulation was a 
source of information and standard a constraint to innovation. Indeed, there has been a 

                                                
2 We consider Patent Convention Treaty (PCT) or in short PCT patent applications. PCT patents make “it 
possible to seek patent protection for an invention simultaneously in a large number of countries by filing a 
single “international” patent application instead of filing several separate national or regional patent 
applications.” See World Intellectual Property Organization FAQ: Link. 
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 “We begin with would-be innovators. Presumably, they 
invest resources in the hope of discovering something of 
commercial value. […] In any case, the innovators 
expect to be able to turn a profit on the fruits of their 
research efforts. […] Newcomers may enter freely into 
research activity, and firm invest into R&D up to the 
point where the marginal costs of additional inputs into 
R&D equals the expected gain.” 

Grossman and Helpman (1994) “Endogenous Innovation in the 
Theory of Growth” 

gradual evolution among academics and policy-makers to think about economic rules instead 
as a source or catalyser of innovation than a barrier (Armstrong et al., 2020; EC, 2016; 
McEntaggart et al., 2020). 

While public debates about the optimal mode of rule-setting are often controversial and 
heated, there is scarce evidence on the respective effectiveness of public vs. private and 
national vs. international rule-setting. Existing evidence on the macroeconomic level focuses 
on the independent impact of regulation or standardisation on innovation and does not 
separate between national and international standards (Blind, 2012; Blind and Jungmittag, 
2008). On the microeconomic level, Blind et al. (2017) provide evidence for the differential 
impact of standards and regulation on firms’ innovation input. Yet, it is crucial to account for 
the differential impact between national and international standards in a world of global trade, 
global value chains and multinational corporations.  
We seek to contribute to filling this gap by providing a conceptual framework and examining 
the relationship between modes of rule-setting and innovation empirically. For this purpose, 
we combine data from the OECD’s Product Market Regulation index, the Perinorm databank 
on national and international standards with data on innovation input (total R&D expenditure) 
and innovation output (annual PCT patent applications) between 1998 and 2013 in 26 
countries. Based on the data, we model in a fractional logit and negative binomial fixed 
regression model how regulation, national and international standards affect innovation using 
R&D expenditure and the number of annual PCT patent applications on the country level as 
innovation indicators.  

In the following, section II embeds the analysis in the literature and derives hypotheses on 
how the different modes of rule-making affect innovation in the form of R&D expenditure 
and patents. Section III describes the empirical analysis, and section IV discusses conclusions 
and implications.  

2 Literature Review and Theoretical Framework 

2.1 Rule-making and innovation 

Endogenous growth theory suggests technological progress drives economic growth (Aghion 
and Howitt, 1990; Grossman and Helpman, 1994; Schumpeter, 1934). Technological progress 
is assumed to depend on the commercial incentives for profit-seeking firms to innovate 
(Grossman and Helpman, 1994, p. 24). We pose that regulation and standards are significant 
components of the “economic structures, institutions and policies of modern market 
economies” (ibid.), and thus condition incentives for firms to innovate. 

The general (simplistic) assumption of 
endogenous growth theories is that there 
is a need for profit that derives from new 
technology or idea so that entrepreneurs 
or innovators transform their ideas, 
technologies, and inventions into 
commercial products. Thus, innovation 
occurs (and innovation-led economic 
growth as a consequence) when expected 
return to innovation is higher than 
expected costs of innovation.  
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Innovation = expected return (I) > expected costs (I) 

In the following, we conceptualise how modes of rule-making – regulation and standards - 
affect the expected returns and expected costs of innovation in a globalising economy. 

2.2 Rule-making and innovation in a globalising economy 

As long as the market place is limited to a city or a country, national differences in regulation 
and standards would matter little (Büthe & Mattli, 2013). However, in a world of economic 
integration, global value chains and trade between countries  (World Bank, 2019), 
idiosyncratic national regulation and standards may substantially raise the costs of 
commercializing innovations in different countries (Baldwin et al., 2000). For example, 
Werner von Siemens funded the establishment of a standardisation body at the Prussian state 
to sell his electrical devices in different European countries as he was frustrated with 
incompatibility across German regions and European countries. One could transfer this 
example to rule-setting in the current globalising economy in the following thought 
experiment. If each country had its idiosyncratic regulations and standards for each product, a 
firm that would like to sell to multiple countries had to adopt its production line to the 
country-specific regulation and standards. Accordingly, production costs would increase as 
would the fixed costs to commercialise a product in a foreign market, which in turn should 
decrease the expected return to innovation.  Indeed, most complex industrial products consist 
of multiple parts, and rather often than not, there is at least one standard per part. Given an 
increasing share of inputs into final products are imported (trade-in tasks and parts), diverging 
national regulation and standards increase costs of trade in such value chains (Blind et al., 
2018) e.g., incentivising multinational corporations to rely on company standards and/or 

Figure 23 

internalise activity rather than work with subcontractors (Müller, 2018). One can observe a 
substantial increase in technical barriers to trade notifications at the World Trade 
Organization in recent years (Figure 2, World Trade Organization, 2019). International 
standards, in contrast, enable economies of scale for the costs of commercialising innovative 
products in multiple countries, create common product market rules for innovative products 
and constitute a coordinated, level-playing field for international competition. While 
regulation, national and international standards share the aim to create rules for competition 

                                                
3 Source: WTO Committee on Technical Barriers to Trade. Twenty Fourth Annual Review of the 
Implementation and Operation of the TBT Agreement. February 25th 2019. 
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and consumer protection, we examine in more depth in the following how their economic 
effects on innovation may differ. 

2.3 Regulation and Innovation 

Regulation is a political and potentially normative topic because it lies at the core of the big 
ideational debate about the right balance between state and market that remains to divide 
scholars, politicians and societies (Conway et al., 2005; Crafts, 2006). It is tough to make a 

statement about the overall impact of 
regulation on innovation. The impact 
of regulation depends on the type 
(e.g., safety regulation vs. labour 
market regulation), the area (e.g., 
product markets vs. utilities), the 
nature (e.g., restrictive vs. 
permissive, technology-agnostic vs. 

technology-prescriptive) and the implementation of regulation (Blind, 2012).  

Despite these difficulties inherent in regulation, we can conceptualise several mechanisms 
through which regulation can affect innovation (McEntaggart et al., 2020). Government 
regulation may increase the costs of doing business through “regulatory compliance 
expenditures” that drain the resources that firms have their disposal for R&D (Jaffe & Palmer, 
1997). Song and Chen (2010), for example, show that food safety regulation on trade 
increased Chinese firms’ total compliance costs through regulatory compliance expenditure 
on building renovation, technological innovation, and testing equipment. This effect has been 
coined the “static compliance cost” effect (Blind, 2012, a & b, p.9; Carlin and Soskice, 2006; 
Crafts, 2006). Thus, according to this view, regulation drains firms’ resources for investment 
in research and development, and de-regulation, in turn, promotes innovation as it increases 
the resources that firms have at their disposal to invest in R&D and innovate.4  
Hypothesis 1: De-regulation increases expenditure on R&D. 

While regulation is likely to have static compliance costs, regulation may have a “dynamic 
medium or long term effect” on firms' incentives to innovate (Blind, 2012; Carlin & Soskice, 
2006; Crafts, 2006). Regulation can affect dynamic incentives in different ways. Intellectual 
property rights protection, e.g., in the form of patents, should increase incentives for 
innovation (at least from the Schumpeterian perspective (Carlin and Soskice 2006). In 
contrast, product market regulation or price restrictions may reduce incentives for innovation 
(Crafts, 2006). Regulation may also increase incentives for investments in R&D and 
innovation in specific activities if it reduces uncertainty about the future economic direction 
and technological trajectory (Raworth, 2017). New or stricter regulation may trigger 
creativity, help overcome organisational inertia of established firms, and promote investment 
in R&D (Chakraborty & Chatterjee, 2017; Porter & Van der Linde, 1995). Song and Chen 
(2010), for example, do not only show that food safety regulation increased Chinese firms’ 
expenditure on regulatory compliance expenditure but also on technological innovation. One 
can conclude thus that the net effect of regulation on innovation depends on the relative 
strength of the static compliance cost effect and the dynamic incentive effect (Blind, 2012).  
In the following, we take a closer look at the conceptual link between product market 
regulation and innovation. The period since the 1980s was dominated by (neo-) liberal 

                                                
4 Note that the implicit assumption of this hypothesis is that firms invest resources freed-up by de-regulation into 
innovation (rather than other alternatives such as dividends for shareholders). 

“Regulation is perhaps the most pervasive form of 
state intervention in economic activity. It is also 
essential for the good working of market 
economies.” 
Conway et al. (2005) Product Market Regulation in OECD countries 

1998-2005 
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economic ideas and policies, including general and sector-specific de-regulation of industries 
such as telecommunications and public utilities.5 Therefore, we focus on the conceptual links 
between product market de-regulation and innovation. The major hypothesized effect of de-
regulation is to promote competition (and thereby by assumption innovation). As 
governments de-regulate and remove regulatory barriers, they reduce the fixed entry costs. 
Lowering fixed entry costs should encourage the entrance of new players that seek to compete 
for the profits that accrued thus far to incumbents. If de-regulation induces competition, then 
the question is how de-regulation induced competition affects innovation.  
Schumpeter's view (1942) was that competition dissipates profits and thus incentives to 
innovate. From this perspective, de-regulation should reduce innovation. In contrast, Aghion 
et al. (2018, 2005) argue that the effect of competition on innovation depends upon the level 
of competition. In sectors with neck-to-neck competition, competition drives firms to 
innovate to escape from competitors (ibid.). In industries where the laggards or new entrants 
distance to the frontier firm(s) are too large, potential entrants and incumbent laggards may be 
deterred (ibid.). But even in industries with a considerable distance between incumbents and 
laggards, the vacuum and uncertainty that de-regulation produces may induce incumbents 
with large market shares to innovate in general and to patent to substitute the old regulatory 
barrier through a patent fence (Cohen et al., 2002; Gilbert & Newbery, 1982). Thus, we 
reason that de-regulation promotes competition, and competition induces firms to 
innovate/patent, either to escape neck-to-neck competition or to deter laggard competitors and 
potential new entrants. Therefore, de-regulation should increase innovation/patenting.  

Hypothesis 2: De-regulation increases patenting.  

2.4 Standards and Innovation 

Although there is substantial literature on standards, studies focus on the impact of standards 
on economic growth (Blind & Jungmittag, 2008) and international trade (G. P. Swann, 2010a) 
rather than innovation. Moreover, most studies do not account for the potential differences in 
the effect of national vs. international standards. The relationship between standards and 
innovation is conceptually ambiguous (Blind, 2017; G. M. P. Swann & Lambert, 2017). 
While the traditional view used to be that standards are a barrier to innovation, the more 
recent and prevalent idea is that standards are a catalyst or enabler of innovation (Blind, 2009; 
D. G. Choi et al., 2011; G. P. Swann, 2000, 2010b).  

National standards vs. international standards 

While common national standards created national markets and codified national 
technological knowledge, they have a different character in a world dominated by 
transnational production networks and global value chains. Multiple idiosyncratic national 
standards cascade compliance costs while international standards enable economies of scale 
and thus decrease costs of commercialising an innovative product in various countries 
(Baldwin et al., 2000; G. P. Swann, 2010a). Melitz introduced the idea of fixed costs of 
exporting (Melitz, 2003), which are significantly driven by technical regulations and 
standards. For example, firm surveys (Maggie Xiaoyang Chen et al., 2006, 2008; Maguie 
Xiaoyang Chen et al., 2004; N. Chen & Novy, 2012; International Trade Centre (ITC), 2018) 
among exporters in developing countries found compliance costs with international standards 
to be the first non-tariff barrier to trade. Like regulation, standards carry compliance costs in 
the form of product tests, inspections, audits and third-party certification necessary to 
                                                
5 For example, John Williamson coined the term “Washington Consensus” – a list of 10 policy prescriptions 
including de-regulation and privatisation – which has become considered as the “recipe” of (neo-) liberal 
policies.    

6



 
 

demonstrate compliance. Mutual recognition of one common international standard, at least in 
theory, means compliance costs occur only once. Also, transaction costs decrease. For 
example, firms do not need to search for information to understand local standards or even 
adapt production processes or product characteristics. Therefore, we argue that international 
standards reduce the per-unit costs of commercialising a product in different markets 
considerably – accordingly, international standards free up resources for R&D while national 
standards drain resources that firms could spend on R&D otherwise.  

Hypothesis 3: National standards reduce expenditures on R&D.  
Hypothesis 4: International standards increase expenditures on R&D. 

While national standards reduce, international standards increase the size of markets with 
common rules for homogenous products. Larger markets, in turn, increase the potential return 
from commercialising an innovative product in multiple countries. Given low tariffs and low 
transportation costs, common international standards create cross-border markets for 
homogenous goods and intensify international competition between multinational 
corporations but also across local suppliers. For example, Guasch et al. (2007) illustrate how 
multinational corporations (in buyer-driven global value chains) can choose from a pool of 
national suppliers. In contrast, national standards reduce competition as they present a non-
tariff barrier that shields domestic producers from foreign competitors. Once agreed upon an 
international standard, competition takes place on a level playing field (neck-to-neck). For 
example, evidence from firm surveys and expert interviews suggest that the main motivation 
to join standardisation committees is to find and influence common rules for interoperability, 
compatibility and common terminology to foster the dissemination of emerging technology 
(Blind & Gauch, 2009; Blind & Mangelsdorf, 2016). International standards provide certainty 
and credibility, in particular in the early stages of commercialisation of innovative products, 
when consumers may be reluctant to trust and use new, foreign products (Blind, 2016; G. P. 
Swann, 2000). For example, compliance with international quality standards may lend the 
necessary credibility to new Indian producers of solar modules to export their products to 
Canada or Senegal in the light of fierce, established and reputed competition from Chinese 
producers (Blind et al., 2018). Therefore, we hypothesize that international standards increase 
and national standards relatively decrease the expected returns to patenting an innovative 
product given international standards create international rather than national markets for 
homogenous products, intensify rather than reduce competition and help commercialising 
innovative products in foreign markets. 

Hypothesis 5: National standards decrease the number of patents filed.  
Hypothesis 6: International standards increase the number of patents filed.  

3 Empirical Strategy 
In the following, we present the data used for the analysis, provide descriptive statistics of the 
former as well as present multivariate regression models and their results. 

3.1 Data 

Table 1 presents the sample of observed countries and time periods. The panel contains all 
OECD countries except Chile, Iceland, Ireland, Luxembourg, New Zealand, and Slovakia. 
The years included in the panel are 1998, 2003, 2008, and 2013 as the OECD publishes the 
Product Market regulation index every five years.  
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Table 1 Panel structure 

Country   year  
Australia Denmark Greece Netherlands Spain United States 1998 
Austria Estonia Hungary Norway Sweden 2003 
Belgium Finland Italy Poland Switzerland 2008 
Canada France Japan Portugal Turkey 2013 
Czech Republic Germany Korea Slovenia United Kingdom   2018 
� � � � � � �

Table 2 provides an overview of all variables and data sources. We retrieve the standards data 
from the Perinorm database for the majority of the countries in the panel. For Australia, 
Estonia, Finland, Greece, Korea, Portugal, Slovenia, and Hungary, we received the data 
directly from the national standardization bodies. The data about GDP is measured in constant 
US Dollars in 2010, on R&D expenditure and exports in the percentage of the GDP and is 
retrieved from the World Banks’s World Development Indicators. The data for the portion of 
the population in tertiary education comes from the International Labour Organization (ILO) 
Key Indicators of the Labour Market database. 

Table 2 – Variables and Data Sources 

Category VarName Indicator Data Source Link 
Dependent 
Variable patent Number of patent 

applications 
OECD Main Science and 
Technology Indicators OECD 

 rdi R&D expenditure as 
percentage of GDP 

World Bank Development 
Indicators WB 

Explanatory 
Variables nstd Stock of national standards Perinorm database/National 

Standardisation Bodies Beuth/DIN 

 istd Stock of international 
standards 

Perinorm database/National 
Standardisation Bodies  

 pmri Product Market Regulation 
Index 

OECD Public  Sector, 
Taxation and Market 
Regulation database 

OECD 

Control 
Variables gdp GDP as measured in 

constant 2010 US Dollars 
World Bank Development 
Indicators WB 

 rdi R&D expenditure as 
percentage of GDP 

World Bank Development 
Indicators  

 exppercgdp Exports as percentage of 
GDP 

World Bank Development 
Indicators  

  terteduc Percentage of population 
with tertiary education 

ILO Key Indicators of the 
Labour Market ILO 

 

Table 3 presents summary statistics for the variables used for the analysis. The data for the 
dependent variable innovation consists of total R&D expenditure6 and the number of patent 
applications filed under the Patent Cooperation Treaty in year t published by the OECD 
Science and Technology Indicators. We choose this data because they present the broadest 
available patent figures for such a large group of countries. To proxy regulation, we use the 
OECD product market regulation indicator (Koske et al., 2015). The indicator measures the 

                                                
6 Unfortunately, data about business R&D only was not available for a significant amount of country-year pairs 
in the panel, which is why we decided to use total R&D. 
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stringency of product market regulation based on questionnaires completed by member states 
in five year intervals. The indicator ranges from 0 to 6 with 0 representing no regulation and 6 
the highest amount of regulation.  

Table 3 - Summary Statistics 

VarName Obs(N) Mean SD Min Median Max 
patent 130 5096.419 10790.351 5.067 1325.465 58933.403 
istd 104 6465.634 6467.388 0.000 5209.000 33269.000 
nstd 104 15697.529 11880.389 158.000 13805.500 52537.000 
pmri 100 1.778 0.480 0.962 1.606 3.282 
gdp 104 1.54e+12 2.80e+12 1.29e+10 5.00e+11 1.59e+13 
rdi 104 1.882 0.894 0.371 1.750 4.149 
terteduc 104 27.294 9.378 8.300 28.650 51.000 
exppercgdp 104 40.691 19.275 9.038 38.385 87.959 

The variables nstd and istd measure the stock of valid national and international standards in a 
country in year t, which equals the number of all published minus all withdrawn standards. A 
standard is national if issued by a national standardization body and only adopted in this one 
country. A standard is international if published by an international standardization or by a 
national body and later adopted on the international level. 7 
In some cases, we imputed missing values for a few country-year pairs. In a few cases, the 
values for certain countries were missing for the specific year t but were available for t +/- 
one or two. In these cases, we used the value of the year that was closest to t or, if several 
values in neighboring years were available, we took an average. Given regulations and 
standards do generally not change abruptly, but gradually, imputation as illustrated, seems 
reasonable. �

3.2 Model 

We use a fractional logit model for R&D as percentage of the GDP and a negative binomial 
model for the number of patents filed annually. The fractional logit model is the same as 
suggested by Papke and Wooldridge (2008) for panel data with a fractional response variable 
(R&D is censored at zero and 1).  We opt for a negative binomial rather than a Poisson model 
as the number of patents is overdispersed (conditional variance > 2 * conditional mean) and 
thus inconsistent with the Poisson assumption of the equality of variance and mean. 
Accordingly, a log-likelihood ratio tests rejects the hypothesis that alpha = 0 (in which case 
mean = variance).  

In an approach, similar to Blind (2012), we apply a panel fixed-effects regression to control 
for country-specific effects. We add a time trend to account for the increase in most of our 
independent variables that is unrelated to innovation. Our final model specification is as 
follows: 

�������� � � � ������� � ������������� � ������������� � ������������ � ������� � ��� 

                                                
7 There is a special situation for member States of the European Union (EU). The EU has its own supranational 
standardization bodies. The EU standardization system requires all member states to adopt EU standards as 
national standards within their jurisdictions. Therefore, we count EU standards as national standards for all EU 
member states, while counting them as international standards for all other countries. 
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All variables but pmr, edu and exp are in natural logarithms. The model contains the intercept 
� as well as a time trend and a standard error term �. Following Amable et al. (2014), Blind 
(2012), Franco et al. (2015), and Fu and Yang (2009) we use R&D expenditure as indicator as 
innovation input and the number of patents as indicator of innovation output in country i in a 
given year t. The variable pmr measures product market regulation, while nStd and iStd 
represent the number of active national and international standards in country i in year t. As 
additional variables, we include the GDP per capita gdp to control for the relative economic 
strength of a country that might lead to increased innovation. The ratio of R&D expenditures 
to the GDP rd captures the input into the innovation system of a country that might influence 
the innovation output. To control for the role of education in a society under the assumption 
that well-trained people are more likely to produce innovations, edu is the percentage of the 
population with tertiary education. Lastly, as companies that are active in foreign markets 
face competition from abroad, they have to be more innovative to survive. We enter the value 
of exported goods as a percentage of the GDP or export intensity to control for this effect. 

3.3 Results 

Firstly, we present the results for innovation measured as input indicator via R&D 
expenditures in percent of the GDP per country. Secondly, we present the results for 
innovation output measured as the number of annual patents per country. 

Modes of rule-setting and innovation input 

Table 4 below provides the results for the relationship between modes of rule-setting and 
innovation input.  

National regulation and innovation input  
The results concerning national regulation and innovation input change over time (table 4). 
Column two and three suggest that national regulation has no short term effect on R&D. 
However, column four indicates national regulations five calendar years before have a 
significant negative effect on current R&D. This effect is significant at the 10 percent level.  

Figure 3 

Accordingly, a unit-change in the lagged regulation variable translates into a 14.3 percentage 
points change in the expected mean R&D expenditure on average and holding all other 
variables constant. Note that the marginal effect does not depend on the values of regulation 
but seems to be constant (see figure 3). The sample countries exhibit a decrease of 0.62 log-
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units on average between 1998 and 2013; consequently, this translates into an actual change 
of -9.1 percentage points over the whole period. Accordingly, the real change multiplied with 
the estimated coefficient would translate into a 0.146 percent of GDP increase of R&D 
expenditure on average. At the beginning of the observation period, the average R&D 
expenditure among sample countries was 1.6 percent of GDP (and 1.9 percent over the whole 
period). Hence, 0.14 percent is about a tenth of the average expenditure of the sample 
countries. In other words, we estimate that the changes in regulation in the observed period 
have increased long-term R&D expenditure by about a tenth of the average annual 
expenditure on R&D. Given the countries are almost all part of the OECD, mostly at the 
frontier of technological development and make-up a considerable part of global R&D 
expenditure, 0.146 percent of GDP is substantial. For example, the average GDP in 1998 
among sample countries was 1308 billion (median 422 billion); 0.14 percent of this average 
(median) would be 1800 million (590 million) of R&D additional expenditure. One can 
conclude that while changes in regulation do not affect expenditure on R&D in the short run, 
firms adjust R&D expenditure rather to medium term, structural changes in regulation. Thus, 
countries can achieve higher expenditure on R&D in percent of the GDP through 
“competition friendly regulation” as put by the OECD authors that conceptualised the product 
market regulation index (Koske et al., 2015). In comparison to standards, national regulations 
are changed less often and may thus have a long term impact on R&D expenditure. 

Standards and innovation input 

The results suggest that national and international standards have a differential effect on 
innovation inputs (table 4). First of all, the results indicate that national standards have no 
significant effect on innovation input.  In contrast, column two and three suggest that 
international standards affect investment in R&D positively in the same year t as well as in 
the consequent year t+1. The coefficients are statistically significant at the 1 and 10 percent 
level.  However, the number of international standards five years before (t-5) does not affect 
current R&D investment (t). One explanation may be that international standardisation is a 
much more dynamic process of rule-setting than regulation (see Blind et al. 2017). A unit-
change in logged international standards translates into a 6.7 percentage points change in the 
expected mean R&D expenditure on average and holding all other variables constant. Note 
that the marginal effect of international standards seems to be particularly steep at lower 
values and flattens but remains positive for higher levels of international standards (see figure 
4). 

Figure 4 

The sample countries exhibit a decrease in international standards of 1.35 log-units on 
average between 1998 and 2013; consequently, this translates into an actual change of 9.2 
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percentage points over the whole period. Accordingly, the actual change multiplied with the 
estimated coefficient would translate into a 0.15 percent of GDP increase of R&D expenditure 
on average. At the beginning of the observation period, the average R&D expenditure among 
sample countries was 1.6 percent of GDP (and 1.9 percent over the whole period). Hence, the 
estimates suggest that de-regulation and international standards had about the same effect on 
R&D (about a tenth of the R&D expenditure of the average sample countries). Accordingly, if 
we multiply the mean (median) GDP at the beginning of the observation period among the 
sample countries with the estimated change in R&D expenditure/GDP over the period, we 
find the average increase in international standards would translate into 1960 million (633 
million) of additional R&D expenditure.    

Table 4 - Fractional logit model average effects on R&D expenditure 

 
Modes of rule-setting and innovation output 

In the following table 5 provides an overview of the regression results with patents as a 
dependent variable to complement the analysis of innovation inputs with the effect rule-
setting on innovation outputs. Table 5 shows average marginal affects, which allow to 
conclude about the significance and direction of the explanatory variables.  
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Table 5 - Negative binomial model average marginal effects on patent count 

 
National Regulation and Innovation Output 

First of all, the consistently and highly statistically significantly negative sign of the 
coefficient suggests that regulation (as proxied through the PMRI) decreased the number of 
filed patents across the sample countries. The effect of changes in the level of regulation is 
very robust over time.  The coefficient in column (2) indicates that the negative impact is 
particularly strong in the same year. The coefficient in column (3) suggests that the effect of 
level of regulation in the current period t on subsequent patenting in period calendar year 
period t+1 is almost as strong as on period t. Finally, the coefficient in column four suggests 
that the effect of changes in the level of regulation weaken over time. A one-unit increase in 
regulation thus translated into ~ 45.8 percent decrease in the expected average number of 
annual patent applications across the sample countries in the observed time holding all other 
variables constant. The result is significant at the 1 percent level. Given the average level of 
regulation as proxied by the PMRI has fallen by 0.62 units across the sample countries in the 
given time, de-regulation has led to a 31.6 percentage points increase in the number of patents 
filed. A 31 percent reduction in levels of regulation thus increases the average number of 
patents filed by approximately 822 patents per country between 1998 and 2013. Given the 
average annual number of patents among the sample countries over the observed time was 
5096 (2602 in 1998 and 6770 in 2018), an increase in 822 patents seems economically and 
socially relevant. For example, 822 patents correspond roughly to the annual number of PCT-
patents filed in 1998 in South Korea, in Spain in 2003 and are about eight times the yearly 
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PCT-patents filed annually in countries like Greece, Slovenia or Hungary. One should keep in 
mind that the economic value of patents is highly skewed: only very few patents generate a 
high economic value and social benefits (Harhoff et al., 1999). Hence, an increase in the 
number of patents is an imperfect proxy to measure the technological and social progress (see 
discussion of the results).  

National standards and Innovation Output 
The results reveal that national standards have a statistically significant negative effect on the 
number of patents filed in the sample countries over the observation period in the same year t 
and the subsequent year t+1 controlling for other explanatory factors.  National standards 
seem to affect patenting on the short-term (same or consequent year) given the lagged log-
number of national standards (this is five calendar years before) has no statistically significant 
association with the number of patents. According to the estimates, a one-unit increase in the 
logged number of national standards thus translated into ~ 16.7 percentage points decrease in 
the number of annual patent applications filed in the same on average across the sample 
countries in the observed time. The average marginal effect seems to be particularly strong at 
lower levels of national standards but remains marginally positive for higher values of 
national standards (see figure 5). The result is significant at the 1 percent level. Given logged 
national standards fall on average by 0.8 logged-units, the average change of logged national 
standards translated into a 13.6 percent decrease in the number of annual patent applications 
holding other explanatory factors constant. Multiplying the average number of patents filed 
among the sample countries over the observation, the average change over the observation 
period among sample countries would translate into 353 fewer patents filed on average.  

Figure 5 

International Standards and Innovation Output 
In contrast to national standards and regulation, the coefficient for international standards 
suggests that they are positively related to the number of annually filed patent applications. 
The result is significant at the 5 percent level. The marginal effect of an additional 
international standard seems to be particularly strong at lower values of international 
standards but remains positive for higher values of international standards. A one-unit 
increase in the logged number of international standards translated into ~ 13.7 percentage 
points increase in the number of annual patent applications on average across the sample 
OECD countries in the observed time holding other explanatory variables constant at 
observed values. Taking into consideration that the average logged number of international 
standards in the sample of countries grew by 1.35 log-units between 1998 and 2013, this 
average change was associated with an 18.8 percentage points increase in the number of filed 
patents. A change of this magnitude in the average patents (5096) among sample countries in 
the observation period would translate into 490 additional patents filed. In other words, 
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approximately about 10 percent of the average annual patent output among the 26 countries in 
the observations period.   

Figure 6 

Consistency with Poisson model 
Finally, the interested reader can also find a version of table 5 with coefficients and standards 
errors from the estimation with a Poisson fixed effect model implemented in Stata 15 in the 
appendix. The results are generally consistent with the fixed effect negative binomial model. 
The direction of the relationship between explanatory and dependent variable is the same in 
both models. There are a few differences in terms of the significance and the size of the 
coefficients. The Poisson model estimates a more significant positive effect of international 
standards in the short and long term, and significant negative effects for national standards 
(only on the long-term). Regarding regulation, both models suggest a negative and significant 
effect on patenting (but Poisson only in the short and not in the long term as well as a smaller 
effect than negative binomial). Finally, the standard errors of the negative binomial model are 
smaller in line with the theoretical expectation. Given that the negative binomial model allows 
a different variance of the dispersion (variance) parameter for each country and the Poisson 
model estimates one parameter for all countries.  

4 Conclusion 

4.1 Discussion  

Regulation and Innovation 

Given the positive effect of de-regulation on both R&D and patenting in the medium term, the 
results suggest that over-regulation reduces firms’ incentives for innovation. The results 
indicate that, in the short term, de-regulation promotes patenting while there is no effect on 
R&D expenditure. The question is how innovation output can increase while innovation input 
does not change? Boldrin and Levine (2013) point to the patent puzzle. Albeit the number of 
patents has increased drastically in the US economy, there has neither been an acceleration in 
technological progress nor an increase in R&D expenditure. Advocates of de-regulation 
postulate that de-regulation leads to entry, which encourages competition, and competition, in 
turn, promotes innovation. Yet, it remains unclear whether de-regulation induced competition 
forces firms to innovate for strategic or commercial use, and how increased 
patenting/innovation affects future patenting/innovation (dynamic equilibrium).  
Firms may have responded to de-regulation by substituting regulatory barriers with patent 
fences. Recent literature on patents suggests that a substantial number of patents aim to block 
competitors (from imitation) decoupled from technological necessity or commercial use 
(Blind et al., 2006; Cohen et al., 2002; Gilbert & Newbery, 1982). Interestingly, several 
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papers show a significant correlation between firms stating to have patented for strategic use 
and competition intensity while there is no correlation between commercial use and 
competition (Blind et al., 2006; D. Choi & Kim, 2018; Torrisi et al., 2016).This is at least 
suggestive evidence that de-regulation induced competition may have led firms to patent in 
response.  

In a similar realm, recent studies have shown that there is no empirical evidence that patents 
serve to increase innovation and productivity (Boldrin & Levine, 2013). Indeed, quasi-
experimental evidence from the Bell antitrust case suggests that patents can stifle innovation 
if the dominant industrial players refuse to license their patents and strategically seeks to 
exclude competitors (Watzinger et al., 2017). Thus, if de-regulation had induced firms to 
patent more for strategic reasons rather than to commercialise new inventions, the added 
economic and social value of de-regulation should be questioned.  
As a consequence, we advise to interpret the results with due caution and to refrain from 
immature, far-reaching policy conclusions. It would be necessary to shed more light on the 
type of patents that have been filed in response to de-regulation. For example, future research 
should try to examine how de-regulation has affected patent quality. Have patent scope and 
number of citations of patents remained the same, increased, or decreased on average? If 
scope and citations have been reduced, incumbents may have sought to exclude newcomers 
with patent fences. In this case, de-regulation may have induced competition, reflected in a 
higher number of patents, but without technological, societal progress.  
Standards and Innovation 

The results of this analysis suggest that national standards have at best no or even worse a 
negative effect on innovation measured as R&D expenditures. On the positive side, we are 
unable to reject the null hypothesis of no (negative) effect of national standards on R&D. One 
could infer that compliance costs with national standards do not lead firms to reduce their 
spending on R&D (at least not in a scale measurable on the country level). However, the 
significant negative effect of national standards on short and medium-term patenting suggests 
that national standards reduce competitive pressures on domestic producers (as already argued 
by Blind et al. (2017)). Indeed, if national standards were a source of domestic competitive 
advantage, a sign of domestic producers’ superior productivity and technology upgrading (as 
e.g. Swann et al., 1996)), one would expect national standards to relate positively to R&D and 
patenting. Thus, we interpret the results as suggestive evidence that national standards serve 
more to protect vested, domestic interests rather than promote innovation in a globalising 
economy.  
A word of caution regarding an exclusively positive interpretation of the positive effects of 
international standards seems in line. Certain concerns that apply to national standards may 
also be prevalent on an international level. Two seem particularly accurate. Firstly, 
international standards may benefit multinational corporations disproportionately. The 
majority of firms only commercialise their products in one home market and only a small 
portion of all firms realises large parts of global merchandise trade. In addition, compliance 
with international standards may be too difficult (e.g., due to a lack of knowledge) or 
expensive (e.g., due to a lack of money), which may prevent certain firms from 
commercialising innovative ideas. Secondly, this concern is aggravated as multinational 
corporations dispose of the necessary resources to influence international standardisation, 
while SMEs, in particular in developing countries, seem primarily excluded from this process 
(Büthe & Mattli, 2013; Guasch et al., 2007). For example, the ten biggest PCT patent 
applicants in 2013 were exclusively multinational corporations (WIPO 2013). Multinational 
corporations may thus constitute a small club of firms that define global standards that apply 
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to millions of consumers and thousands of producers, which calls into questions whether the 
international standards correspond to producers and consumers’ demands towards innovative 
products (Büthe & Mattli, 2013). However, given we dispose only about aggregate data from 
OECD countries, we cannot examine these aspects in our analysis. 

4.2 Limitations 

This analysis also has limitations. A first limitation relates to the data sample. The results 
apply to a specific sample of countries that are not representative of the population of 
countries that participate in the globalising economy. The effect of regulation and standards 
may be different for a different profile of countries, such as emerging markets or developing 
countries. For example, higher uncertainty in developing and emerging economies may alter 
the effect of regulation and standards (Blind et al., 2017). More data would be urgently 
needed as we know that modelling innovation in a globalised economy only based on OECD 
countries does not provide a complete picture of reality.  

The dependent and independent variables are imperfect proxies. The measurement of 
innovation remains a topic of debate. The above discussions already illustrate some of the 
shortcomings of patents and R&D expenditure as proxies for innovation. The level of analysis 
(country) and the level of aggregation of the proxy for regulation leads to crude results. The 
existing data only allows to consider “regulation” as a homogenous indicator even though 
regulation can take many different shapes. The PMR index from the OECD is one of the only 
available measurements for regulation; yet, it remains an imperfect measurement. We 
urgently need better and more disaggregated data about regulation that allows looking at 
different sectors as well as other types of regulation across different countries and over time. 
Recent approaches to create regulation typologies (McEntaggart et al., 2020) are certainly a 
step in the right direction but need matching data collection effort on the international level. 
Finally, the stock of national and international standards is certainly a first indicator. 
However, what one would be interested in is the use, or in other words, diffusion of the 
respective standard across an economy.  

4.3 Conclusion and outlook 

We provide a conceptual framework and examine the effect of public rules (regulation) and 
private rules (national and international standards) on innovation input (R&D expenditure) 
and innovation output (patents) in 26 countries between 1998 and 2013 empirically. Our 
results suggest that national standards have no association with R&D expenditure but are 
negatively associated with patenting in the short term. International standards, in comparison, 
are positively associated with short term R&D expenditure and patenting. Finally, regulation 
has no immediate but only a long-term effect on R&D expenditure but has an immediate and 
long-term effect on patenting.  
Based on the results, we conclude that international standards create, while national standards 
reduce incentives to commercialise innovative products in a globalising economy. Public 
policy should thus integrate international standards into domestic standardisation systems, 
ideally after consultation with domestic firms about priority international standards. Also, 
public policy should support firms that want to adopt or contribute to international standards 
(e.g., in the form of co-financing or consultancy services for technological or process 
upgrading that may become necessary for the adoption of international standards or 
participation in standardisation committees). At the same time, public policy and national 
standardisation institutes should discourage the development of idiosyncratic national 
standards. In particular, if there exists an international equivalent, national standards have 
lower quality criteria or contain specifications that do not relate to improved performance 
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relative to an international standard. For example, national standards are withdrawn in the EU, 
if contradicting international standards exist and no national standards are developed if 
international standards are under development. 

We interpret the results as suggestive that public and private regulation are not substitutes but 
complements. While private regulation (in the form standards) affects innovation input and 
output on the short term, public regulation seems to affect rather long-term levels of R&D 
spending as well as short and long-term patenting activity. The right combination of public 
and private regulation can take the form co-regulation, e.g. practiced since the New Approach, 
meanwhile extended to the New Legislative Framework, to market regulation in the European 
Union.  
One should be very cautious regarding the interpretation of the effect of de-regulation on 
innovation given that patenting raises without increases in R&D expenditure. For example, 
firms that obtained the most software patents in the US actually reduced their R&D spending 
relative to sales after patent protection was strengthened (Bessen & Maskin, 2009; Hunt & 
Bessen, 2004). Increase in output without proportional increases in effort and productivity 
triggers the concern that businesses may have strategically inflated patents to shield 
competitors, which casts doubt on such patents contribution to socio-economic and 
technological progress.  
Finally, more research is necessary to explore the appropriate relationship and interaction 
between public and private rule-setting, which requires, in particular, more experimental 
approaches of governments and cooperation with researchers, case studies of the effect of 
specific regulation and the expansion of international standards. In particular, further studies 
need data about developing and emerging economies, in particular China, for which the 
impact of international standards may be rather detrimental. 
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6 Appendix 
Regression results with Poisson instead of Negative Binomial model: 
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In the context of long-term archival of digital assets, file formats that are 
standardized and designed for longevity such as PDF/A are preferred. However, 
due to the complexity and ambiguities in PDF standards, it is far from trivial to 
either create standard-conformant files or check the conformance of any given file. 
This study aims at investigating the challenges when checking real-world PDF files 
from public sector organizations meant for long-term archival for PDF/A 
conformance. Results show that only a small set of PDF files claims to conform to 
the PDF/A-1b specification variant and even fewer files pass conformance checks 
by various conformance checking tools. Challenges for conformance checking 
tools include both ambiguities in the standards’ technical specifications and 
limitations in the implementation. 

1 Introduction 
The process of long-term maintenance of digital assets for use and re-use imposes a number 
of challenges, including the limitations of storage technologies and the choice of future-proof 
file formats. In context of the latter challenge, digital archives, for example, must be able to 
handle a number of different media formats such as audio or video recordings or textual 
documents. One variant of digital assets are page-oriented, text-centric documents as often 
generated in office productivity software. The native format in which those documents were 
originally created is often not suitable for long-term archival (Anderson, 2005). A common 
choice (Library of Congress, 2019) is, therefore, to convert those documents to PDF which 
has properties attractive for archival such as being ‘read-only’ and the ability to reproduce the 
original document across different devices (even web browsers can display PDF files, see 
Mozilla Labs, 2020). 

In the context of long-term archival, how can it be guaranteed that PDF documents can be 
read in a future without today’s computer systems? Here, ‘reading’ is not limited to the 
extraction of text and images, but includes as well the visual appearance, logical structure, 
and metadata of a document. Various ISO standards (ISO, 2005, 2011, 2012a) specify subsets 
of ‘normal’ PDF variants under the name ‘PDF/A’ in order to address those requirements, i.e. 
it should be possible to read a standard-conformant PDF/A file just by implementing the ISO 
standards. 
Dryden (2008) stresses the need for digital file formats designed for long-term stating ‘it is 
not an exaggeration to say that long-term preservation of digital objects is the biggest 
challenge facing not just the archival profession but society as a whole.’ 

Whereas there is a broad agreement on that PDF/A standards are the preferred choice when 
archiving PDF files (Bundesarchiv, 2010; LAC, 2015; Riksarkivet, 2009; Rog, 2007; Swiss 
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Federal Archives, 2020), adopting PDF/A standards in a PDF workflow has multiple 
challenges. A central aspect here is how to determine if a given PDF file actually conforms to 
a PDF/A standard, usually at least to the most basic specification, PDF/A-1b. Especially 
public sector organizations (PSOs) such as universities, which are under legal obligation of 
long-term archival of important documents (SFS, 1993, 2012), are motivated to adopt PDF/A 
assuming there is a trend away from paper-based archives towards digital libraries. 
This study investigates the following research questions: 

RQ 1. What characterizes PDF files provided by public sector organizations? 
RQ 2. How successful are public sector organizations at providing PDF/A-1b-conformant 

files? 
RQ 3. How does the outcome of assessments of PDF/A-1b conformance for files differ 

between conformance checking tools? 
Through an investigation of research question 1, the study establishes properties of analyzed 
files which contributes an overarching characterization of state-of-practice concerning how 
PDF files are being generated and used in public sector organizations. Research question 2 
allows for a quantitative assessment of the adoption of PDF/A-1b in public sector 
organizations as well as documents the uncertainty of such an assessment due to the varying 
criteria applied by conformance checking tools. Finally, research question 3 investigates in 
greater detail the differences between conformance checking tools and challenges for 
determining conformance which is of relevance for archival processes that need to know the 
conformance properties of archived documents. 

In acknowledging that there are a number of legal and licensing issues which impinge on 
implementation and use of PDF and PDF/A (Koo & Chou, 2013; Lundell et al., 2015), it 
should be noted that issues concerning standard-essential patents and copyright are outside the 
scope of this study. 

The remainder of this paper is structured as follows: Section 2 gives a more detailed 
introduction to the challenges of PDF/A as a standard for long-term archival. Section 3 details 
the research approach followed in this study. Research question 1 is addressed in Section 4. 
Research question 2 is addressed in Section 5. Research question 3is addressed in Section 6. 
Conclusions are drawn and findings are discussed in Section 7. 

2 Background 

2.1 Standards and Conformance Checking 
Three challenges concerning the implementation of technical specifications of standards in 
tools have been identified in previous research (Gamalielsson & Lundell, 2013): 

1. Technical specifications are ambiguous and complex. 
2. There is a disparity between standards and implementations: On the one hand, 

implementations do not fully implement the specifications, on the other hand, the 
same implementations read and write files that are non-conformant according to the 
specification. 

3. Implementers aim for supporting a given standard in the same way as competing 
products, e.g. to promote interoperability instead of adhering to the specifications. 

The first challenge is discussed in detail in Egyedi (2007). Implementing standards correctly 
and completely is a challenging task. Even without malevolence, two parties’ 
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implementations of the same standard may still be incompatible, i.e. data created by one party 
in accordance to the standard (and with best intentions) may not be readable by the other party 
despite the other party’s conformance to the standard. The study discusses a number of 
reasons why such incompatibilities arise: prominent causes include comprehensiveness 
(standard is too ‘big’), number of choices (standard may allow competing/contradictory 
alternatives), ambiguities in terminology (standard’s textual representation is hard to 
interpret), and feature overload (standard includes functionality not relevant for many users, 
thus not included in many implementations for economic reasons). Standard implementation 
is further hindered by the required compatibility to ‘buggy’ implementations predating the 
standard or the omission of information necessary to understand the standard’s specification. 
Both for implementers of standards and for conformance testing, which describes a ‘process 
that determines if and entity (message, document, application, system, etc.) adheres to the 
requirements stated in a specification’ (Oemig & Snelick, 2016, p. 384), unambiguous 
standard specifications are important, because ‘the goal is to reduce the number of ways 
implementers can interpret a requirement’ (Oemig & Snelick, 2016). 

Ambiguity problems exist for various PDF and PDF/A standards, too. Koo and Chou (2013, 
p. 10) report that ‘as thorough as the standards and documentations for both the PDF and 
PDF/A formats are, there is room for interpretation in determining the PDF/A compliance, 
between different documentations in particular.’ 

The ambiguities become relevant in the context of PDF repair tools, i.e. tools that rewrite PDF 
files to make them conform to a specified PDF standard. PDF repair tools may handle 
ambiguous situations differently. Then, ‘it is difficult to call one as the right approach and the 
other as wrong but the awareness of the fact that such ambiguities exist could help institutions 
make decisions around PDF/A conversion.’ (Koo & Chou, 2013). 
The PDF Association (2017) has published a note on almost 30 rather technical ambiguities in 
various PDF/A standards that were identified during the development of a PDF conformance 
checker, veraPDF. Questions raised include how to resolve contradictions of differing 
definitions of the same entity in different parts of the same standard document (or the 
underlying specification for PDF version 1.4, Adobe, 2001) or under which conditions certain 
clauses have to be applied or may be ignored. The study also includes answers from the ISO 
Working Group responsible for ISO 19005; reportedly the working group concurred with 
most of the authors’ assessments and proposals to resolve those ambiguities. 
The challenges with PDF standards are amplified by the use of external standards and file 
formats which are not explained or included in the official documentation. For example, the 
PDF/A standards include a number of so-called normative references, i.e. documents that ‘are 
indispensable for the application of this document’ (ISO, 2005, p. 1). Normative references 
listed for PDF/A-1 include among others the original PDF 1.4 specification by Adobe (2001) 
including its errata, the W3C’s recommendation for XML 1.0 (W3C, 2004), and color profiles 
specified by the International Color Consortium (ICC, 1998, 1999). The referred-to reference 
for PDF 1.4 in its turn refers more standards and specifications such as JPEG (Pennebaker & 
Mitchell, 1993) or PNG (IETF, 1997). This dependence on external standards and formats 
brings a number of problems. For example, the documentation for PDF 1.4 refers to a not-yet-
available publication (Adobe, 2001, p. 812): 

“XMP: Extensible Metadata Platform. To be available on the Technical Notes 
page of the ASN Developer Program Web site. (Not yet available at the time of 
publication.)” 
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PDF/A-1, published years before XMP got standardized (ISO, 2012b, 2014b), contains in its 
section on normative references as the only reference to XMP a deep link to Adobe’s 
webpage, the referred-to PDF file is seemingly no longer available. PDF/A-2 (ISO, 2011) no 
longer contains any reference to XMP in its section on normative references, but contains a 
now-defunct link to a PDF file at aiim.org in its bibliography. 

The second challenge is about the disparity between standards and implementations. This 
disparity becomes relevant if two different implementations must interact in a way as codified 
in the standard without knowing each other’s inner working. Indeed, according to Oemig and 
Snelick (2016, p. 386), standards should be ‘developed to improve the feasibility of systems 
interoperating seamlessly without prior point-to-point agreements’. 
Friction between standard setting and standard implementation applies many contexts (Blind 
& Böhm, 2019) including the context of PDF/A. The Coordination Agency for the 
Preservation of Electronic Files (KOST-CECO, 2018) states that ‘those specifications’ details 
are interpreted differently in various cases.’ (translated from German). 
The third challenge is about implementers aiming to support a given standard in the same way 
as competing (dominating) products. An investigation of developers of PDF tools finds that 
users are primarily not interested in their files’ standard-conformance but rather expect to be 
able to exchange their files between different tools (Gamalielsson & Lundell, 2013). The 
situation is further complicated by deficits in the standards, such as uncertainty on how to 
interpret erroneous or incomplete files. Therefore, to handle ambiguities developers program 
their tools to follow a ‘common consensus’ which is often set by dominating competitors 
rather than written standards. 

2.2 On the Origin and Evolution of PDF/A 
Originally introduced by Adobe, the Portable Document Format is nowadays well-supported 
by a number of software products from various providers. From its original design in 1993, 
the format has been driven by Adobe, evolving through a number of iterations. Several of 
those iterations were used as base for various ISO standards, such as version 1.4 for ISO 
19005-1:2005 (ISO, 2005) and version 1.7 for ISO 32000-1:2008 (ISO, 2008a). Some of 
those ISO standards address specific concerns, such as the use of PDF in engineering, PDF/E 
(ISO, 2008b), or usability, PDF/UA (ISO, 2014a). 
From a long-term archival perspective, it must be guaranteed that PDF documents will be 
readable in a future where today’s computer systems (i.e. hardware and software) are no 
longer available; only the file format specifications in written form and the files themselves 
exist. The aspect of readability not only includes the extraction of text and images, but also 
visual fidelity (document ‘looks’ the same), structure (e.g. contains information about how 
text flows through columns), and metadata (e.g. author or title). Those requirements for long-
term archival are addressed by ISO standards (ISO, 2005, 2011, 2012b) commonly referred to 
as ‘PDF/A’. 
ISO’s PDF/A standards were well-received. It is stated in Dryden (2008) that PDF/A is a start 
to address the requirements of long-term archival; the argumentation continues: 

“How exactly does PDF/A-1 address archivists’ serious concerns about long-
term preservation of electronic documents? The working group set out the 
desirable properties of a preservation format, among them that it be device-
independent, selfcontained, self-described, and accessible, and aimed to ensure 
that PDF/A-1 met those criteria [...]” 
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These ISO standards are stricter than Adobe’s original PDF versions which they are based on, 
i.e. allow for less features to be used. The first version, PDF/A-1, contains the smallest subset 
of features and ‘provides a mechanism for representing electronic documents in a manner that 
preserves their visual appearance over time, independent of the tools and systems used for 
creating, storing or rendering the files.’ (ISO, 2005, page v). It has two levels, ‘a’ and ‘b’, 
where ‘a’ (accessible) is more strict than ‘b’ (basic). 
A more detailed discussion of the motivation and history of the first PDF/A standard was 
done in Sullivan (2006) where it is argued that the motivation to develop PDF/A was due to 
the feature-richness and lack of self-containment of the original PDF file format. 

Later standard versions (ISO 19005-2:2011 (ISO, 2011), also known as ‘PDF/A-2’ and ISO 
19005-3:2012 (ISO, 2012b), also known as ‘PDF/A-3’) add more features such as embedding 
of other documents or supporting more image file formats. The main difference between 
PDF/A-2 and PDF/A-3 is that the latter standard lifted the requirement that embedded files in 
their turn must conform to a PDF/A standard. For example, PDF/A-3 allows to embed the 
original word processor document from which the PDF file was generated, whereas PDF/A-2 
does not allow for this. According to Debenath et al. (2013), this feature counteracts the 
purpose of a file format made for archival, as to make use of embedded files separate tools are 
required that may not be available in the future. In contrast, in Klindt (2017) it is argued that 
being able to embed any file in a PDF document allows to store the original document that 
was used to generate the PDF file; this is important if the PDF file does not contain the same 
semantic information as the original file did. 

2.3 On Tool Support for Conformance Checking 
Despite claimed support for PDF/A in PDF-generating tools such as those included in office 
productivity software, it should not be assumed that those generated PDF files, even with 
PDF/A support enabled, actually conform to any PDF/A standard (Oettler, 2013, p. 12). 

There are multiple tools for PDF conformance checking available, differing in feature 
completeness, supported operating systems (relevant for unsupervised, server-side 
conformance checking), or license (proprietary vs. open source). Both scientific sources and 
PDF/A-related webpages discuss available PDF/A conformance checking tools. Table 1 
contains a list of conformance checking tools which were discussed in related sources. 
An experimental analysis in KOST-CECO (2018) of 2980 real-world PDF files (about two 
thirds claimed PDF/A-1b conformance) using four PDF/A conformance checking tools (callas 
pdfaPilot, PDF Tools’ 3-Heights PDF Validator, PDFTron PDF/A Manager, and veraPDF in 
three different versions), taking factors like monetary costs, performance, robustness 
(handling of invalid input), agreement with the other conformance checking tools, and 
accuracy, i.e. whether provided error messages correctly describe known issues in PDF files 
(manually evaluated only for about 1% of the PDF files) identified differences between 
veraPDF and its competitors: The first three tools, all proprietary, were criticized for their 
price tag, but got good comments for their performance, robustness, agreement, and accuracy. 
The open source tool veraPDF was criticized for its low performance (although improved in 
latest version), lack of robustness (very talkative), and lack of agreement and accuracy, which 
both greatly vary between the versions of this tool.  
As argued above and based on findings in Gamalielsson & Lundell (2013), it is far from 
trivial to implement a PDF tool that correctly and completely adheres to a specific PDF 
specification. Therefore, an archivist who receives a PDF file for long-term archival needs to 
verify if the provided file actually conforms to one of the PDF/A standards. 
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3 Research Approach 
In order to answer the three research questions, a research approach was devised to identify 
and collect both relevant PDF files and tools for the assessment of conformance to PDF/A, 
followed. 

by a detailed observation of the process of conformance checking. The design of the study 
was guided by previously identified challenges such as the known ambiguities in the 
standards. Design decisions in the experimental setup, such as the choice of PDF 
conformance checking tools, were aligned to choices made in previous publications as listed 
in Table 1. 
To conduct the study, the following steps were performed: 

1. Identification and selection of a relevant set of PDF conformance checking tools that 
can assess if a PDF file conforms to a PDF/A standard (at least PDF/A-1b). 

2. Collection of a large set of PDF documents with the requirement that those files should 
be publicly accessible, come from public sector organizations, as well as are required to 
be long-term archived. 

3. Evaluation of the PDF files’ characteristics (answering RQ 1) and standard-
conformance of those files (answering RQ 2). 

4. Comparison of PDF conformance checking tools’ output (answering RQ 3). 

Table 1: PDF standard conformance checking tools used in related sources. 

Conformance checking tool Description Sources 

veraPDF An open source project driven by the 
veraPDF Consortium and initiated by 
the Preforma project. 

Ferro et al., 2018; Han, 
2015; Klindt, 2017; Lindlar et al., 2017; 
McGuinness et al., 2017; 
PDF Association, 2017; KOST-CECO, 
2018 

JSTOR/Harvard Object 
Validation Environment 
(JHOVE) 

An open source project as well, 
currently driven by the Open 
Preservation Foundation, but originally 
being a collaboration between JSTOR 
and the Harvard University Library. 

Abrams, 2004; Han, 2015; 
Klindt, 2017; Koo and Chou, 2013; 
Lindlar et al., 2017 

Apache PDFBox Part of Apache’s PDFBox library, an 
open source tool/library for creating 
and editing PDF files. 

McGuinness et al., 2017 

Adobe Preflight A module of the proprietary Adobe 
Acrobat software. Preflight is only 
available for Windows or Mac. 

Drümmer et al., 2007; Evans and 
Moore, 2014; Lindlar et al., 2017; 
Oettler, 2013; KOST-CECO, 2018 

callas pdfaPilot This tool’s conformance checking 
engine is also used in Preflight. 

Drümmer et al., 2007; Koo and 
Chou, 2013; Lindlar et al., 2017; 
KOST-CECO, 2018 

PDF Tools’ 3-Heights PDF 
Validator 

A proprietary PDF conformance 
checker available as a command line 
tool. ‘Validate PDF documents on the 
basis of various PDF specifications 
(PDF1.x, PDF/A-1, PDF/A-2, PDF/A-3)’ 
(PDF Tools AG [PDFTools], 2019). 

Koo and Chou, 2013; Lindlar et al., 
2017; KOST-CECO, 2018 

PDFTron PDF/A 
Manager 

A proprietary PDF conversion (plain 
PDF to PDF/A) and conformance 
checking tool. 

Evans and Moore, 2014; Lindlar et al., 
2017; KOST-CECO, 2018 
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In order to evaluate the challenges involved with assessing PDF files’ conformance to PDF 
standards, conformance checking tools were selected. Rather than trying to identify and use 
every available tool for this purpose, we selected a number of tools based on the following 
criteria: 

1. Availability of source code, i.e. tools for which it is possible to obtain the source code 
for inspection. The availability of source code to use the tools without restrictions such 
as number of installations or processed PDF files. Tools chosen by this criteria are: 

• JSTOR/Harvard Object Validation Environment (JHOVE) version 1.18.1 was 
included in this study despite that it, by its own account, does not ‘determine 
conformance to PDF/A to the degree required by the ISO standard’ (Open 
Preservation Foundation, 2015). However, this tool is often referred to in other 
publications (see Table 1) and as such relevant to consider. 

• Apache PDFBox version 2.0.8 is ‘a Java tool that implements a parser compliant 
with the ISO-19005 specification (aka PDF/A-1)’ (Apache, 2020). Whether PDF/A-
1a is supported in addition to PDF/A-1b is not clear. There exists a class called 
Validator_A1b but no Validator_A1a. 

• VeraPDF version 1.8.4 is, by its vendor’s own statement, ‘a purpose-built, open 
source, fileformat validator covering all PDF/A parts and conformance levels’ 
(veraPDF Consortium, 2015). This tool differs from the remaining tools in that it 
reports which clauses in the ISO standards for PDF/A are violated if it dismisses a 
PDF file as not being conformant. 

The importance of investigating open source software implementations of standards is 
further motivated by observations in a recent study (Blind & Böhm, 2019) which shows 
the importance of such implementations for the process of developing standards. 

2. Same origin as PDF format, i.e. provided by Adobe, the company that originally 
conceived the PDF file format. It is reasonable to assume that tools, whether for editing, 
viewing, or validating PDF files, coming from this company represent some kind of de 
facto reference implementation. The tool matching this criteria is: 

• Adobe Preflight version 15.1.0 is the official validation tool provided by a major 
vendor of PDF tools and as such relevant to consider. The user interface of this tool 
allows to run compliance checks on PDF files against standards PDF/A-1 to 
PDF/A-3 for all their conformance levels (‘a’, ‘b’, and ‘u’). 

3. Providers are full members in PDF Association. The PDF Association is ‘an 
international collaboration of member organizations and individuals actively learning 
from and supporting each other in the development and use of PDF technology’ 
(Association for Digital Document Standards, 2019). A non-exhaustive search for PDF 
conformance checking tools provided by the association’s full members was conducted 
resulting in the follow tools being identified: 

• Qoppa jPDFPreflight version 2017R1.06 which, according to its own advertising, 
only supports the ‘b’ level of standards PDF/A-1 to PDF/A-3, but not the ‘a’ level: 
‘jPDFPreflight can check compliance with the following profiles: PDF/A-1b 
Verification, PDF/A-2b Verification, PDF/A-3b Verification, ...’ (Qoppa, 2020). 
Still, this library has API calls that allow to initiate a PDF/A-1a conformance test. 
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• PDF Tools’ 3-Heights PDF Validator version 4.10.26.0 which, by its own 
statement, can be used to ‘validate PDF documents on the basis of various PDF 
specifications (PDF1.x, PDF/A-1, PDF/A-2, PDF/A-3)’ (PDFTools, 2019). 

Using six tools to evaluate PDF files’ conformance may create the impression that a ‘horse 
race’ study was conducted, i.e. looking into which tool performs best with respect to 
conformance checking rate or running time. However, first, it is not known which of the PDF 
documents actually conform to PDF/A and which do not, and second, the outcomes of the 
tools may greatly vary for the same file, so none of the tools’ conformance assessments can 
be validated. 
In order to investigate the challenges of checking the standard conformance of PDF files 
against a PDF/A standard, a considerable set of PDF documents to analyze is required. To 
address the research questions, this study considers PDF files generated in public sector 
organizations (PSOs). 
We chose Sweden as the country of origin for our file set. The restriction to this country does 
not limit transfer of finding from this study to other countries or regions: a number of 
administrative bodies such as the Swedish National Archive (Riksarkivet, 2009), the Germany 
Federal Archive (Bundesarchiv, 2010), the Dutch Royal Library (Rog, 2007), the Swiss 
Federal Archives (SFA-IPD, 2020), and the Library and Archives Canada (LAC, 2015) 
mandate or at least strongly suggest to use PDF/A as the preferred standard family if PDF 
files, office productivity software files, or page-oriented documents are to be archived. 

Sweden has between 450 and 500 public sector organizations (the number varies over time) 
including public services, embassies, courts of law, or pension funds, thus it requires 
considerable overhead to collect a sample of PDF files from every organization. Therefore, 
this study had to restrict the set of PDF documents to a representative but limited subset of 
PSOs. Eventually, the subset to be considered in this study was chosen to be doctoral 
dissertations published at Swedish universities. This choice is motivated by the following 
arguments: 

• Almost all universities in Sweden are government agencies and as such follow the legal 
framework for Swedish public sector organizations in general and higher-education 
laws specifically. 

• Being government agencies, universities have to follow the government’s public 
information laws. Thus, most dissertations are publicly available at the universities’ 
websites. Some dissertations are not available for reasons such as they contain 
copyrighted or sensitive material or due to issues in the publication process. 

• Doctoral dissertations are required to be long-term archived in many jurisdictions. 
Swedish laws require both paper copies (SFS, 1993) and electronic versions (SFS, 
2012) to be archived indefinitely at the National Library of Sweden. 

In contrast to many other sources of large bodies of PDF documents, doctoral dissertations are 
ought to be written by individuals with their individual choice of and setting for PDF tools. 
As such, PDF files of doctoral dissertations are expected to be far more diverse than, for 
example, PDF files published by large organizations’ public relation departments where a 
small number of editors generate most publicly available PDF documents. The diversity 
assumed for the PDF files thus allows for a far better substantiated study on the challenges in 
the context of interoperability and long-term archival of PDF documents. 
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In this study, the aim was to collect all dissertations published at Swedish universities during 
the years 2007 to 2016. Both bibliographic data and the dissertations’ full text as PDF from 
the universities’ library catalogs were retrieved where possible. 

Counting the exact number of dissertations is complicated by the fact that the same 
dissertation may be recorded in two different libraries’ catalogs with two different unique 
identifiers. As filtering for potential duplicates was deemed as a too complicated manual 
process, dissertations were counted by their per-library unique identifier, accepting that 
duplicates may exist. 
Although PDF files for most published dissertations were successfully retrieved, the used 
automated retrieval process is sensitive to network issues (such as university networks 
interpreting the harvesting process as harmful, thus blocking it) and correct interpretation of 
returned data (such as identifying correct links to full text PDF files in HTML documents). 

4 Characterization of PDF Files provided by Public Sector 
Organizations 

This section addresses the question what characterizes PDF files provided by public sector 
organizations, exemplified by doctoral dissertations retrieved from Swedish universities. The 
main findings related to this research question (RQ 1: ‘What characterizes PDF files provided 
by public sector organizations?’) are presented in Table 2. 

 
PDF files contain in their metadata information on which PDF version they implement (valid 
version numbers include 1.0 to 1.7 and 2.0) as well as which PDF/A standard they conform to 
(if any) in their XMP metadata (PDF/A identification schema, ISO, 2005, Section 6.7.11). 

The PDF files in this study’s set claim to implement various PDF versions (see Table 3a): 
starting from the oldest observed version 1.2 to the latest version of 1.x series (1.7, Adobe, 
2006). The most popular versions include version 1.6 (37.8%), version 1.4 (23.7%), which is 
also base for ISO 19005-1:2005 (ISO, 2005), and version 1.5 (21.0%). 

Table 3b summarizes how many PDF files claim to conform to a certain PDF/A standard. 
About 6% of all files (1295 out of 21611) claim conformance to some PDF/A standard. By far 
the most popular PDF/A conformance level is PDF/A-1b with 1255 files, followed by 38 files 
claiming to conform to PDF/A-1a. Only two files claim PDF/A-2b and no file claimed any 
later standard such as PDF/A-3. 
As part of the metadata in every PDF file, there are two optional fields (Adobe, 2001, Table 
9.2, p. 576) that may give a hint on which tools were used during the creation of the PDF file. 
The ‘creator’ field is designed to hold the name of the tool used to create the content of the 
PDF document, such as a word processor; the ‘producer’ field is designed to hold the name of 
the tool used to create the actual PDF document, such as a ‘PDF printer’. There is no required 
structure in either field and any tool involved in the generation of a PDF file may set, modify, 
or overwrite either field as it sees fit, so one cannot rely on, for example, that the ‘creator’ 
field actually contains the name of the tool used to create the PDF file’s content. In practice, 

Table 2: Main findings regarding Research Question 1. 

What characterizes PDF files provided by public sector organizations? 
• Only few PDF files claim in their metadata to conform to any PDF/A standard; among those 

files PDF/A-1b dominates. 
• Very few large tool providers (Adobe and Microsoft) dominate among providers of PDF 

generating or editing tools. 
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however, most tools set sane values such as their name and version number. Applying 
elaborate guess work, one can deduce the tool which set each field’s content. 
A limited manual inspection of doctoral dissertation PDF files revealed that many of those 
files start with special cover pages which most likely were added after the original author’s 
dissertation submission. As including such a cover page requires to use a PDF editor, the 
‘producer’ and ‘creator’ fields as set by the original author’s tools may get modified. 
Therefore, the following discussion of providers and tools may have a bias towards tools 
suitable for combining a cover page and the dissertation text. 
Table 5 shows a list of popular PDF tools as identified in the ‘creator’ and ‘producer’ fields. 
The most often used tools by Adobe are ‘producers’ (tools generating PDF files based on 
some input data like PostScript files, such as Distiller or PDFMaker) rather than ‘creators’ 
such as InDesign. For Microsoft, the dominating tool is Word, which supports both plug-ins 
from Adobe as well as native PDF generation (since version 2007). Indeed, in this study’s 
PDF set, Microsoft Word is the single most popular PDF tool identified from ‘creator’ and 
‘producer’ fields. Of decreasing importance is the solution of using a PostScript printer driver 
(like Microsoft’s Pscript) to generate an intermediate PostScript file which then is converted 
to a PDF file using tools like Adobe Distiller. The dominating open source alternatives to 
Microsoft and Adobe products are TeX-based tools. LibreOffice and OpenOffice as the main 
competitors to Microsoft Word account only for a small number of files in the PDF set. 

Table 3: Number of files per claimed PDF version and claimed PDF/A conformance part and level. 

 

PDF Version Number of files 
1.2 94 (0.43%) 
1.3 2089 (9.67%) 

1.4 5124 (23.71%) 
1.5 4545 (21.03%) 

1.6 8153 (37.73%) 
1.7 1606 (7.43%) 

(a) Number of files per encountered PDF 
version as stated in the PDF files’ header. 

PDF/A Standard Number of files 
PDF/A-1b 1255 (5.81%) 
PDF/A-1a 38 (0.18%) 

PDF/A-2b 2 (0.01%) 
PDF/A-2a 0 (0.00%) 

PDF/A-2u 0 (0.00%) 

None 20316 (94.01%) 
Total 21611 (100.00%) 

(b) Number of files claiming to conform to a 
certain PDF/A specification. 

Table 4: Providers of tools used in the PDF 
generation process. 

Providers Number of files 
Adobe 11294 (51.96%) 

Microsoft 8569 (39.65%) 

only Adobe 6367 (29.46%) 
only Microsoft 2802 (12.97%) 

minor known providers 10105 (46.76%) 

unidentified providers 388 (1.80%) 

total 21611 (100.00%) 

Table 5: Tools used in the PDF generation 
process. Tools listed here are both popular and 

well-known justifying their selection for this table. 

Tools Number of files  
Adobe Distiller 4195 (19.41%) 
Adobe PDFMaker 3363 (15.56%) 

Adobe InDesign 2035 (9.41%) 
Microsoft Word 5114 (23.66%) 

Microsoft Pscript 3455 (15.99%) 
PDFLaTeX 1252 (5.79%) 

OpenOffice or LibreOffice 112 (0.52%) 

files with unaccounted tools 14373 (66.51%) 
total 21611 (100.00%) 
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5 Success of Public Sector Organizations at providing PDF/A-1b-
conformant Files

This section addresses how successful Swedish universities, as an example for public sector 
organizations, are at providing PDF/A-1b-conformant files in the form of doctoral 
dissertations. The main findings related to this research question (RQ 2: ‘How successful are 
public sector organizations at providing PDF/A-1b-conformant files?’) are presented in Table 
6. 

Out of the set of 21611 PDF files in total, only 1252 (5.8%) files were recognized as 
conformant to PDF/A-1b by at least one of the six conformance checking tools and 20359 
(94.2%) files were dismissed by all conformance checking tools. For only 14 PDF files 
(0.1%) all six conformance checking tools agree on PDF/A-1b conformance (see Table 7a) 
and for 252 PDF files (1.2%) at least half of all conformance checking tools agree. 

Regarding the number of files classified as PDF/A-1b-conformant, as shown in Table 7b, 
JHOVE recognized a considerably larger number of files (959, 4.4%) as conformant 
compared to any of the other five conformance checking tools (336 or less files, <1.6%). 
Out of the 14 files where all conformance checking tools agreed upon conformance, for 13 
files Microsoft Word could be identified as editor. Producers for those 14 files were: 
Microsoft Word 2007 (8 files), Acrobat Distiller 10.1 (4 files), Acrobat Distiller 11 (1 file), 
and Apple’s Mac OS X 10.9.5 Quartz (1 file). In the total set of PDF files, those four 
producers had a proportion of 4.56%, 3.02%, 2.78%, and 0.78% of the files, respectively, i.e. 
these tools were over-represented in this set of 14 files. 
To assess the agreement (consensus) or disagreement among conformance checking tools, all 
20 combinations of ‘three out of six’ conformance checking tools were considered. For each 
combination; (1) the number of PDF documents where all three conformance checking tools 

Table 7: Number of PDF files where conformance checking tools confirmed conformance. 

Number of tools Number of files 
No tools 20359 (94.21%) 

1 or more tools 1252 (5.79%) 

2 or more tools 327 (1.51%) 

3 or more tools 252 (1.17%) 

4 or more tools 226 (1.05%) 

5 or more tools 103 (0.48%) 

All 6 tools 14 (0.06%) 

(a) Number of files for which a certain number 
of conformance checking tools confirmed 
PDF/A-1b conformance. 

Conformance checking tool Number of files 
JHOVE 959 (4.44%) 

veraPDF 227 (1.05%) 

PDFBox 278 (1.29%) 

Preflight 336 (1.55%) 

JPDFPreflight 137 (0.63%) 

3-Heights PDF Validator 237 (1.10%) 

(b) Number of PDF files for which each used tool 
confirmed conformance. 

Table 6: Main findings regarding Research Question 2. 

How successful are public sector organizations at providing PDF/A-1b-conformant files? 
• For only a very small set of PDF files all six conformance checking tools agree on the files’ 

PDF/A-1b conformance. 
• Selecting three out of the six conformance checking tools and determining a PDF file to be 

PDF/A1b-conformant if all three tools agree results in very different outcomes depending on 
which three conformance checking tools are chosen. 

• Almost all files from all organizations with the exception of one, Uppsala University, for one 
single year, fail to fulfill expectations concerning file formats (PDF/A-1). 
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agree on that the files are PDF/A-1b-conformant, (2) the number of documents where the 
conformance checking tools agree on the files’ non-conformance, and (3) the number of 
documents where the three conformance checking tools do not agree in their assessment 
(‘diverging outcome’) were counted. 
The results are shown in Table 8, where the table’s rows are sorted by increasing ‘diverging 
outcome’, which mostly coincides with decreasing number of files for which consensus on 
PDF/A conformance exists. In the best case, three conformance checking tools (veraPDF, 
PDFBox, and 3-Heights PDF Validator) agree on PDF/A-1b conformance for 222 files, agree 
on non-conformance for 21318 files, and disagree on conformance for only 71 files. In the 
worst case, when using the conformance checking tools JHOVE, Preflight, and jPDFPreflight, 
agreement on conformance exists for only 16 files, but the ‘diverging outcome’ concerns 
1234 files, i.e. for those 1234 files PDF/A-1b conformance was only asserted by one or two 
out of those tools but not all three. This tendency is confirmed in all other tool combinations 
which include JHOVE (bottom 10 rows in Table 8), which have a larger number of files 
where the conformance checking tools disagree in contrast to tool combinations without 
JHOVE (top 10 rows in Table 8). 

 
The set of 222 PDF files where veraPDF, PDFBox, and 3-Heights PDF Validator (largest 
number of conformant files) agreed on conformance included all 14 files of the conformance 
checking tool combination of JHOVE, PDFBox, and jPDFPreflight (least number of 
conformant files). The same set of 222 PDF files contained only 14 out of 16 files for the 
combination of JHOVE, Preflight, and jPDFPreflight (largest ‘diverging outcome’). 
In order to assess the PSOs’ success in providing files which fulfill requirements and 
expectations for long-term archival, the count of how many PDF files for dissertations 

Table 8: Number of files assessed to be unanimously conformant to PDF/A-1b, unanimously non-
conformant, or with diverging outcome, respectively, by a group of three conformance checking 

tools. For ‘diverging outcome’, only one or two of the three conformance checking tools assessed 
the files to be PDF/A-1b-conformant. Each row considers the full set of 21611 files. 

 Number of files … 

Conformance Checking Tool Combination 
unanimously 

conformant 
unanimously 

non-conformant 
diverging 
outcome 

veraPDF, PDFBox, 3-Heights PDF Validator 222 21318 71 
veraPDF, Preflight, 3-Heights PDF Validator 202 21274 135 
veraPDF, PDFBox, Preflight 199 21271 141 
PDFBox, Preflight, 3-Heights PDF Validator 198 21271 142 
veraPDF, JPDFPreflight, 3-Heights PDF Validator 75 21312 224 
PDFBox, Preflight, JPDFPreflight 97 21270 244 
veraPDF, PDFBox, JPDFPreflight 73 21292 246 
PDFBox, JPDFPreflight, 3-Heights PDF Validator 72 21281 258 
veraPDF, Preflight, JPDFPreflight 76 21273 262 
Preflight, JPDFPreflight, 3-Heights PDF Validator 75 21273 263 
JHOVE, veraPDF, 3-Heights PDF Validator 46 20460 1105 
JHOVE, veraPDF, PDFBox 45 20417 1149 
JHOVE, PDFBox, 3-Heights PDF Validator 45 20406 1160 
JHOVE, veraPDF, JPDFPreflight 15 20411 1185 
JHOVE, JPDFPreflight, 3-Heights PDF Validator 15 20400 1196 
JHOVE, PDFBox, JPDFPreflight 14 20382 1215 
JHOVE, Preflight, 3-Heights PDF Validator 22 20362 1227 
JHOVE, veraPDF, Preflight 22 20362 1227 
JHOVE, PDFBox, Preflight 21 20360 1230 
JHOVE, Preflight, JPDFPreflight 16 20361 1234 
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published in a given year would pass the checks of at least four out of the six PDF 
conformance checking tools was determined. 
The most important observation was that a clear majority of the PDF/A-1b-conformant files 
(166 out of 226 files, 73.5%) belong to dissertations published in a single year (2008) at a 
single university (Uppsala University). This observation suggests that a limited effort to 
conform to PDF/A-1b was made without any lasting effects, although no written 
documentation on this effort could be located. 

6 Differences between Conformance Checking Tools regarding the 
Assessments of PDF/A-1b Conformance 

The main findings related to research question RQ 3: ‘How does the outcome of assessments 
of PDF/A-1b conformance for files differ between conformance checking tools?’ are 
presented in Table 9.This section establishes how the outcome of conformance checking tools 
differs. Specifically, to further investigate the differences and disagreements between the six 
conformance checking tools, cases where individual conformance checking tools’ 
assessments on conformity (either ‘yes’ or ‘no’) disagreed with the majority of the other 
conformance checking tools (see Table 10) were inspected. 

JHOVE accepted considerably more files as PDF/A-1b-conformant compared to the other 
five conformance checking tools. Indeed, for 911 files JHOVE reports conformance in 
disagreement with the other conformance checking tools (see Table 10d). In the opposite 
direction, JHOVE does not confirm conformance for 58 files where the other five 
conformance checking tools confirm conformance (see Table 10c). 

A closer look was taken at the issues identified by each conformance checking tool in cases 
where it rejected a PDF file as being PDF/A-1b-conformant despite that at least four other 
tools marked the same PDF file as conformant. Essentially, this analysis corresponds to the 
files for which the number of occurrences were given in Table 10a. 

For veraPDF, no PDF files were identified which veraPDF rejected as non-conformant but the 
other tools confirmed the PDF files’ conformance. 

PDFBox had three files where it identified issues but at least four out of the other five tools 
confirmed conformance to PDF/A-1b. One message was about an ‘OutputIntent’, i.e. 
information relevant for correctly reproducing colors on different output devices. The second 
message was about an error in the XMP metadata. Technically, the XMP metadata is not part 
of the PDF/A standard despite being referred to by it. Indeed, the XMP standard was only 
accepted seven years after the PDF/A-1 standard was published. The third message was about 
an invalid color space (Uncoated FOGRA29, ISO 12647-2:2004). 

Table 9: Main findings regarding Research Question 3. 

How does the outcome of assessments of PDF/A-1b conformance for files differ between 
conformance checking tools? 
• JHOVE categorizes by far most files as PDF/A-1b-conformant. For most of those files, this 

assessment is not shared by any of the other five conformance checking tools. 
• Issues reported by conformance checking tools that reject files’ conformance against the 

majority of the other conformance checking tools are often issues outside of the PDF/A-1b 
specification or can be automatically or manually repaired. 

• Considering the total set of all issues reported by all conformance checking tools (except for 
JHOVE) across all files, the three most common topics include metadata, graphics and 
colors, and font issues (including embedding). 

• Matching error messages from different conformance checking tools is complex as even 
similar messages have greatly varying frequencies across conformance checking tools. 
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Table 10: Number of files where a conformance checking tool’s assessment of PDF/A-1b 
conformance disagrees with the majority of the other five tools. 

Preflight rejects only one single PDF file where at least four out of the other five tools 
confirmed conformance to PDF/A-1b. The only identified issue was about a violation of 
clause 6.8.3.4 of ISO 19005-1:2005 (ISO, 2005). However, all clauses of 6.3.8 and 6.8 are 
excluded from level ‘b’ and apply only to level ‘a’. Thus, the file is indeed conformant to 
PDF/A-1b. 
JPDFPreflight identified 150 PDF files as non-conformant but at least four out of the other 
five tools confirmed conformance to PDF/A-1b. In total, 1001 files were concerned by an 
incomplete font subset which, according to jPDFPreflight, can be fixed, presumably by 
adding the missing data which can be extracted from a locally installed font if available. For 
33 files, jPDFPreflight remarked that those files do not claim to conform to PDF/A-1 
conformance level ‘b’ as jPDFPreflight was instructed to test for; the files were either at level 
‘a’ or PDF/A-2. The third issue, concerning 19 files, was about inconsistencies between font 
information (glyph widths) inside the PDF file itself and in the embedded font subset. This 
issue is most likely a reference clause 6.3.6 of ISO 19005-1:2005 (ISO, 2005): ‘For every font 
embedded in a conformant file, the glyph width information stored in the Widths entry of the 
font dictionary and in the embedded font program shall be consistent.’ 

3-Heights PDF Validator identified five issues in one single PDF file; for this file at least four 
out of the other five tools confirmed conformance to PDF/A-1b. One issue is about a 
mismatch of PDF version: the file claims version 1.6, but PDF/A-1-conformant files must be 
based on PDF version 1.4. The second issue is about an issue in the XMP metadata, which as 
argued above, is not part of the PDF/A standard. Two more issues are recommendations and 
warnings only. The final issue is about an invalid function. Although this function could be 

Conformance checking 
tool 

Number of files 

JHOVE 180 (0.83%) 
VeraPDF 0 (0.00%) 

PDFBox 3 (0.01%) 

Preflight 1 (>0.00%) 

JPDFPreflight 150 (0.69%) 

3-Heights PDF Validator 1 (>0.00%) 

Total 21611 (100.00%) 

(a) Tool in given row rejects conformance for 
PDF files, but at least four other tools confirm 
conformance for the same files. 

Conformance checking 
tool 

Number of files 

JHOVE 912 (4.22%) 
VeraPDF 0 (0.00%) 

PDFBox 31 (0.14%) 

Preflight 85 (0.39%) 

JPDFPreflight 36 (0.17%) 

3-Heights PDF Validator 11 (0.05%) 

Total 21611 (100.00%) 

(b) Tool in given row confirms conformance for 
PDF files, but at least four other tools reject 
conformance for the same files. 

Conformance checking 
tool 

Number of files

JHOVE 58 (0.27%) 

VeraPDF 0 (0.00%) 

PDFBox 1 (>0.00%) 

Preflight 0 (0.00%) 
JPDFPreflight 7 (0.03%) 

3-Heights PDF Validator 0 (0.00%) 

Total 21611 (100.00%) 

(c) Tool in given row rejects conformance for 
PDF files, but the five other tools confirm 
conformance for the same files. 

Conformance checking 
tool 

Number of files 

JHOVE 911 (4.22%) 
VeraPDF 0 (0.00%) 

PDFBox 2 (0.01%) 

Preflight 11 (0.05%) 

JPDFPreflight 1 (>0.00%) 

3-Heights PDF Validator 0 (0.00%) 

Total 21611 (100.00%) 

(d) Tool in given row confirms conformance for 
PDF files, but the five other tools reject 
conformance for the same files. 
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located in the PDF document, a superficial analysis did not reveal any details and the error 
message is inconclusive to locate the issue’s actual cause. 
How many different possible PDF/A-related issues exist in PDF files? To answer this 
question, individual error messages and the number of PDF files where they occur 
(frequency) were collected. The frequency of error messages within single files was not 
considered, though: depending on the error message, it may occur once (for example, a 
missing key in the metadata) or thousands of times (for example, using invalid glyphs 
throughout the PDF document). 
Error messages may contain data depending on their context such as numeric values or names 
of objects. In order to count and identify only unique error messages, context-depending parts 
of messages were identified and replaced with placeholders. 

JHOVE did not provide detailed error messages, so this tool was not included in this analysis. 
For Preflight, the longer ‘description’ of a reported issue rather than the brief ‘name’ was 
used. 
By analyzing the frequency of all five tools’ unique error messages (923 in total), it was 
observed that the median frequency for an error message is just 17 (number of PDF files for 
which it gets reported), the first and third quartiles are 2 and 369, respectively. The tail of 
low-frequency error messages consists of file-specific issues such as parsing problems (e.g. 
unexpected data when reading file) or structural problems (missing fields or invalid values). 

The most frequent error message issued by 3-Heights PDF Validator (‘The key Metadata is 
recommended’) was assumed to refer to the first sentence of clause 6.7.2 (‘The document 
catalog dictionary of a conforming file shall contain the Metadata key.’). However, the 
standard can be interpreted in a way that the word ‘shall’ is used to express a requirement 
rather than a recommendation, as the Metadata key refers to a Metadata object stream 
dictionary which in its turn contains required fields. Should this interpretation be correct, it 
would suggest that there is an ambiguity in the standard. 
Matching error messages from various conformance checking tools is not trivial; for that, the 
exact clauses of the ISO standard for PDF/A-1 had to be given in each message (only 
available for veraPDF’s messages). Using the frequency of error messages to match messages 
won’t work either. For example, the top error messages for the five tools directly referring to 
fonts issues range from occurring in 6536 files (Preflight) to 16243 files (jPDFPreflight). 

Even in cases where the textual descriptions of issues seem to refer to the same problem, 
such as ‘Path uses placeholder based color space but OutputIntent is not specified’ 
(jPDFPreflight), ‘A device-specific color space (Deviceplaceholder) without an appropriate 
output intent is used.’ (3-Heights PDF Validator), or ‘If an uncalibrated colour space is used 
in a file then that file shall contain a PDF/A-1 OutputIntent, as defined in 6.2.2’ (veraPDF), 
the frequency of those messages still differs between tools (16008, 17037, and 14273, 
respectively). 

7 Discussion and Conclusions 

7.1 Discussion 
Manual inspection of large numbers of PDF files is infeasible, therefore the task of checking 
the conformance of those files may be delegated to specialized tools. However, from the 
study, we find that determining the conformance of a PDF file to a PDF/A standard is far 
from trivial for conformance checking tools. Furthermore, during this investigation’s early 
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phase, we observed crashes and other severe issues for several conformance checking tools 
when attempting to check selected PDF files. After notifying the tools’ vendors, updated tool 
versions were used to conduct the actual study. 

The analysis of the investigated files suggests that ambiguities in the standards and 
implementation deficits cause a considerable disagreement between tools in their assessment. 

Even more, if all six tools agree on a file’s conformance to a PDF/A standard, it still may be 
the case that all six tools are wrong in their assessment. A file’s claim to conform to a PDF/A 
standard is no indication that the file is actually PDF/A-conformant. In the set of PDF files, 
for only one in five PDF files making such a claim this claim gets confirmed by at least three 
out of six conformance checking tools. 
PDF files provided by public sector organizations (PSOs), exemplified by Swedish doctoral 
dissertations published between 2007 and 2016, were mostly created using tools by major 
vendors such as Adobe or Microsoft. As such, improvements in the support of PDF/A 
standards in those tools will have the largest impact on the set of PDF files published by 
PSOs. 

Considering that doctoral dissertations are meant to be long-term archived, it is surprising that 
only a small proportion (less than 6%) of the files claim to conform to any PDF/A standard, 
and an even smaller proportion (less than 1.2%) of the files are recognized as conformant to 
the recommended PDF/A-1b standard by at least three out of the six conformance checking 
tools. Further, a very small proportion of all investigated PDF files (only 0.06%, 14 out of 
21611) pass all six conformance checking tools’ tests. 

Few PDF files claiming to conform to any PDF/A standard suggests limited awareness of 
regulations and the benefits of PDF/A standards for long-term archival. Few PDF files 
passing PDF/A conformance tests can be explained by the ambiguity and complexity of PDF 
specifications, thereby making it difficult to interpret and implement specifications in 
software. 
A surprising observation was that most doctoral dissertations assessed to be PDF/A-1b 
conformant by the majority of conformance checking tools were published during a short time 
frame (around 2008) by one single organization (Uppsala University). 

Disagreement among PDF conformance checking tools was observed regarding the tools’ 
assessment of the standard conformance of PDF files. We observed that one tool (JHOVE) 
deviated the most from the other five tools’ assessments. Excluding just this tool, the largest 
disagreement between three of the remaining five tools concerns at most 1.2% of the files, i.e. 
for any combination of three tools, those tools agree in their assessment (whether a PDF file 
conforms to PDF/A-1b or not) for more than 98% of the files. 

An attempt was made to find congruence between how issues are reported by different 
conformance checking tools. It was observed that messages may be worded differently, thus 
unambiguous matches are rare, and the frequencies in which seemingly similar messages 
appear for the PDF files in this study’s set do not match between different tools. 

For public sector organizations, the question becomes whether PDF files in long-term storage 
can still be read, rendered, or processed as intended by their creator once the original 
software/hardware is no longer available. Only a minority of PDF files claimed to adhere to 
any PDF/A standard, thus the first step would be to raise awareness for the need of 
standardized file formats suitable for long-term archival as well as to change document 
workflows to generate files adhering to such standards. 
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We investigated PDF and PDF/A as the subject of our study due to its unique combination of 
ISO standardization, multiple vendors providing producers and conformance checking tools, 
and the need for long-term archival of documents. Similar challenges exist for other 
document, image, video, and audio formats (Lundell et al., 2019). 
Low adoption of PDF/A among the files can be explained by the lack of urgency for its 
adoption; after all, most standard PDF readers seem be able to open and show typical PDF 
files. However, in similar cases for legacy file formats, it has become increasingly difficult to 
access and read such files (Lundell et al., 2019; Lundell & Lings, 2010). Archiving the same 
document in two different file formats is no remedy if proper documentation of both file 
format is missing or incomplete. 
Swedish universities cooperate in many aspects such as SUNET1, the Swedish University 
Computer Network, and within the ‘Ladok Consortium’2 to maintain a system to manage 
students’ registration and grades nationwide. Thus, it is possible to image that a similar 
cooperation is initiated to promote the adoption of PDF/A by, for example, providing 
documentation or support to staff and students at participating universities. 

7.2 Conclusions 
This study investigated three different research questions. Concerning the first question (what 
characterizes PDF files provided by PSOs, represented by Swedish universities), it was found 
that doctoral dissertations published in PDF format, in their majority do not claim to adhere to 
any PDF/A standard despite the expectation that those files are meant for long-term archival. 
Concerning the second question (how well PSOs succeed in providing PDF/A-1b-conformant 
files), even those files that do claim conformance to a PDF/A specification such as PDF/A-1b 
often fail conformance checks by various conformance checking tools. Only a very small 
proportion of PDF files were assessed to be PDF/A-1b conformant by all six conformance 
checking tools considered here. 

Concerning the third question (how the assessment of PDF/A-1b conformance differs among 
conformance checking tools for the same files), this study finds that tools implementing those 
specifications for conformance checking are not only challenged by ambiguity and 
complexity in the technical specifications of the standards, but may have their own limitations 
and issues when implementing those specifications. 
Based on our findings, we make the following recommendations for standard-setting 
organizations (SSOs). First, to mitigate the issues around the generation and conformance 
checking of PDF/A-compliant files in general, we recommend that SSOs clarify the known 
ambiguities concerning the PDF standards. Second, future standard versions need to be 
drafted in closer cooperation with implementers and practitioners to address implementation 
and validation issues as early as possible in the standard setting process. Third, SSOs should 
encourage the availability of source code of PDF tools to promote clarity concerning precisely 
how the published technical specifications of standards have been interpreted and 
implemented in software. Thus, despite the PDF/A standards’ documented limitations, future 
standard iterations can address those limitations. 
Archivists need to be aware that, due to the discussed difficulties of assessing a PDF 
document’s conformance to a PDF/A standard, a single conformance checking tool may be 
insufficient to determine the document’s conformance with high certainty. Hence, use of 

                                                
1 https://www.sunet.se/about-sunet/ 
2 http://www.ladok.se/ 
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multiple tools in parallel may significantly improve conformance assessment. Towards 
authors of PDF documents, the adoption and requirements for PDF/A in public procurement 
is important and there is a need for increased awareness amongst public sector organizations 
and policy makers; from PDF tool providers, improved support for PDF/A must be required 
by policy makers and decision makers in public sector organizations when undertaking 
projects in public sector organizations. 
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Abstract We analyze the attention that is allocated to the link between 
standardization and economic growth by systematically reviewing leading 
economics journals, leading economic growth researchers’ articles and economic 
growth-related books. The following observations are made: No article has 
analyzed the link between standardization and economic growth in top5 economics 
journals between 1996 and 2018. A representative sample of the leading 
researchers of economic growth has allocated little attention to the link between 
standardization and economic growth. Typically, economic growth textbooks do 
not contain “standards” or “standardization” in their word indexes. To 
summarize, economic growth theory has, thus far, neglected the role of 
standardization. 

1 Introduction 
Standards can be defined as rules, guidelines or characteristics, established by consensus and 
approved by a recognized body (see ISO/IEC, 2004). According to ISO/IEC (2004) 
standardization is “the process of development and application of standards” (see Choi et al., 
2011). Standards are ubiquitous and every one of us is exposed to several standards every day 
(Kindleberger, 1983; Busch, 2011). Consider, for instance, measurement of time, metric 
systems, various safety standards, electricity standards including plugs and sockets, data, 
image, video and audio compression technologies (codecs), Internet protocols, connectivity of 
devices via cellular network, Wi-Fi or Bluetooth, etc. Standards have obvious public good 
characteristics (Kindleberger, 1983; David & Greenstein, 1990; Swann, 2000; Blind & 
Jungmittag, 2008) and generally, promotion of standards is considered beneficial as reflected, 
for instance, by the increasing number of national and voluntary standards organizations and 
their expressed missions. For example, International Standardization Organization (ISO) has 
more than 164 national standards organizations as members that promote standardization 
nationally. 

It has been documented that societies underinvest in R&D (Jones & Williams, 2000; Lucking 
et al., 2018). Much less empirical evidence exists whether societies under- or overinvest in 
standardization. According to Rysman & Simcoe (2009, p.1932): “the importance of SSOs 
has been widely discussed, yet there have been no attempts to systematically measure the 
effects of these institutions.” Standards can be national, international or global by their 
geographical dimension (Swann et al., 1996; Nadvi, 2008; Blind et al., 2018). Scale and 
network effects are typically the greater the more international the scope of a standard is. 
Standards have played an indispensable role, for instance, in creating and maintaining the 
proper functioning of the European Single Market (Pelkmans, 1987; David & Steinmueller, 
1994; EC, 2018; Blind et al., 2018). Economists agree that institutions matter for economic 
growth (North, 1991; Mokyr, 2002; Acemoglu & Robinson, 2012). Blind & Jungmittag 
(2008) noted that “standards can also be interpreted as institutions. Institutional economists 
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postulate a close relationship between institutional development and economic growth.” This 
is also an important premise of the current article: standards are important institutions that 
matter for technological progress, innovation and, therefore, for economic growth and 
development. 
While there exists a variety of different types of standards, we focus here on standards that are 
a result of open and voluntary standard development or setting and are related to technologies. 
We also note that the dimension of feedback processes classifies standardization 
organizations. Their operational mode is either one-shot standard setting or dynamic standard 
development (Teece, 2018). Economists share the belief that innovations and technological 
progress are the key drivers of economic growth in the long run (Aghion & Howitt, 2009) and 
presumably technology standardization impacts the rate and direction of technological 
change1. While researchers of network economics and industrial organization economists 
have extensively studied standardization (e.g., Farrell & Saloner, 1985; Katz & Shapiro, 
1986) and the role of patents in standard development (e.g., Lerner & Tirole, 2015), it appears 
that economic growth theory is almost silent about the macroeconomic impacts of 
standardization (e.g., Blind & Jungmittag, 2008; Swann, 2010; Baron & Schmidt, 2017). 
Consequently, we know much more about the microdynamics than macrodynamics of 
standardization.  
It is interesting that the macroeconomic impacts of technology standardization have received 
little attention among economists particularly as standardization organizations have existed 
for more than a century. Examples of standards that have put dents in the universe include, 
among others, freight container standards (ISO/TC 104 Freight containers; Levinson, 2006; 
Bernhofen et al., 2016), Internet standards (IETF, W3C, Simcoe, 2015) and 
telecommunication standards (ETSI, ITU, Röller & Waverman, 2001; Teece, 2018). They 
have significantly promoted globalization and technological change. The heterogeneous 
nature of different standards and standardization processes makes it challenging to analyze the 
aggregate macroeconomic impacts of standardization. Presumably, this is a major factor 
explaining the dearth of research on the topic. The goal of this article is to shed more light on 
this research gap and the link between standardization and economic growth. We contribute to 
the existing literature by providing a systematic bibliometric analysis on this link.   
The rest of the paper is structured as follows. Section 2 discusses the theoretical and empirical 
links between standardization and economic growth. Section 3 describes the theoretical 
framework. Methods and data are presented in Section 4 and findings are report in Section 5. 
Section 6 concludes. 

2 Standardization, Technological Progress and Economic Growth 

2.1 Theoretical Link Between Standardization and Economic Growth 

The leading researchers of economic growth have analyzed a variety of factors that are 
associated with economic growth.2 Economists and economic historians share the belief that 
technological progress is the key driver of economic growth in the long run (Solow, 1956; 
Mokyr, 2002; Aghion & Howitt, 2009). However, often economists do not dig deeper into the 
                                                
1 Technological progress and technological change are used interchangeably throughout the paper. We do not 
use the term “technical change”. 
2 Akcigit (2017) provides an overview of past, present and the future of economic growth theory and Jones 
(2016) an overview of the facts. Chu (2018) provides an overview of economic growth teaching curricula. A 
glimpse into the most recent version of Handbook of economic growth provides an overview of the growth 
factors to which growth researchers have recently allocated their attention (Aghion et al., 2014). 
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details, or “the black box” (Rosenberg, 1983), of technological progress. Standardization has 
been discussed and analyzed for more than a century by economists, including Thorstein 
Veblen (1904) and Alfred Marshall (1919). Already Marshall discussed standardization 
extensively in his 1919 book “Industry and Trade” and emphasized the important role that 
“multiform standardization” has had in promoting mass production in the U.S. (Langlois, 
2001). Yet, the paradigm of economic growth theory seems to have neglected the role of 
standardization in technological progress and our increasing wellbeing. 

To a large extent, the rate and direction of technological change are determined by the 
allocation of R&D investments and there are several institutions that determine the incentives 
to invest in R&D (Arrow, 1962; Scotchmer, 2004). As mentioned, the role of institutions as 
determinants of economic growth has received increasingly attention (North, 1990; Acemoglu 
& Robinson, 2012). According to North (1991) “institutions are the humanly devised 
constraints that structure political, economic and social interaction”. By this definition also 
technical standards are “institutions” (cf. Blind & Jungmittag, 2008; Featherston et al., 2016; 
Maze, 2017).  The key message of new institutional economics is that “institutions matter” for 
economic growth. From the perspective of technological progress, the institutions that 
promote creation and diffusion of knowledge, “efficient functioning of the knowledge 
infrastructure” (cf. Edquist, 1997), are the key factors. Standards are an important institution 
that can promote the diffusion of technologies (Blind & Jungmittag, 2008) and fosters 
competition (Koski & Kretschmer, 2005). Standards promote interoperability, adoption of 
technologies and network effects (Matutes & Regibeau, 1996; Shapiro & Varian, 1999; 
Swann, 2000). Thus, also standards matter for economic growth. First generation endogenous 
technological change models Romer (1990), Grossman & Helpman (1991) and Aghion & 
Howitt (1992) added realism to earlier models of economic growth by treating innovation 
processes as endogenous. Similarly, standardization is an endogenous process that shapes 
technological progress. 
R&D&I investments create positive externalities and there has been important progress in the 
analysis of these knowledge spillovers (Lucking et al., 2018). Still, the quantification of 
externalities remains a great challenge to economists (Jones, 2016). For instance, Jones 
(2016) notes that there is a need for economic growth researchers to learn more about “the 
extent of knowledge spillovers across countries” as “each country benefits from knowledge 
created elsewhere in the world”. Similarly, spillovers from standardization are not easily 
quantifiable. According to Leiponen (2008): “Opportunities to learn and accumulate social 
and political capabilities are thus of the essence in the creation of new standards. Firms are 
advised to engage in a broad cooperative approach if they wish to influence the evolution of 
standards.” On the other hand, Blind & Mangelsdorf (2016) note: “Significant knowledge 
flows are apparent within standardization processes, especially from larger to the smaller 
German companies opposite of that seen in other types of strategic alliances. SDOs are – as 
shown in Sherif (2015) for Chinese companies – interactive learning spaces. Consequently, 
companies' knowledge management, including their open innovation strategies, must take 
these opportunities into account when considering entrance into standardization.” 

A particular type of technology that creates large amounts of positive externalities is a 
“general purpose technology” (GPT). GPTs include electricity, steam, semiconductors and 
Internet (Bresnahan & Trajtenberg, 1995; Simcoe, 2015, p.16). From the economic 
perspective, standards that promote interoperability are also particularly important (cf. 
Simcoe, 2015) as interoperability promotes efficiency. Standardization of technologies is 
closely linked to the development of general purpose technologies (Simcoe, 2015, p.26). 
Standardized technologies, such as cellular connectivity, can be viewed as a general purpose 
technology (Teece, 2018) that enables downstream technological trajectories (Dosi, 1982) in 
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multiple industries (Kim et al., 2017). Standards are a heterogeneous set (Tassey, 2000; 
Simcoe et al., 2009; Wiegmann et al., 2017; Teece, 2018; Baron & Spulber, 2018; Baron et 
al., 2019) and some “upstream” standards enable a larger variety of downstream products and 
innovations. Swann (2000) notes: “The ultimate measure of how a standards infrastructure 
contributes to the economy is the sum of additional innovative products and services (and any 
attendant cost reductions) that grow on the back of that standards infrastructure.”  
Endogenous models of economic growth have incorporated competition and innovation into 
the analysis of economic growth and researchers have derived stylized facts and predictions 
that can be explained by these dynamics (Aghion et al., 2015). However, coordination in 
innovation activity and how that affects the sequence of knowledge accumulation, i.e., 
direction of innovation, has received thus far less attention. Patent system in itself is a 
decentralized coordination mechanism to allocate attention and investments of profit-
maximizing agents to research projects that have the highest expected returns (Scotchmer, 
2004). Public sector can also affect the rate and direction of technological change by using 
other “innovation policy instruments” (Takalo, 2013) or “policy toolkits” (Bloom et al., 
2019), including R&D subsidies, R&D tax exemptions, IPR systems, etc.  
Economists highlight the role of combinatorial growth of ideas and related increasing returns 
(Romer, 1993; Weitzman, 1998; Jones, 2005). However, ideas-based growth cannot be only 
about increasing the variety of ideas since the human attention and resources are limited. In a 
world where attention and resources are scarce, there needs to be some mechanisms that 
define which ideas to pursue and, also, in which sequence. The allocation of R&D 
investments crucially impacts the rate and direction of technological change and technological 
trajectories. Economic growth researchers often focus on innovation incentives but neglect 
incentives to create compatible and interoperable products in the value chain. 
The abovementioned institutions all affect the rate and direction of technological change but 
they rely mainly on competition of ideas and products in the market. Standardization, on the 
other hand, is based on a balance between competition and collaboration (i.e., “coopetition”) 
where the aim is to achieve consensus (Schmidt & Werle 1998; Egyedi, 2000; Simcoe, 2015). 
Standardization can be understood as a coordination mechanism (Maze, 2017; Wiegmann et 
al., 2017) where economic actors decide together technical specifications for products, etc. 
(Simcoe, 2015; Wiegmann et al., 2017) based on specific criteria and in either consensus or 
by majority vote (Baron et al. 2019). The focus is not on increasing the variety of ideas but, in 
contrast, to reduce the number of ideas and variety. Standardization is, in essence, variety 
reduction (Farrell & Saloner, 1985; Tassey, 2000). This process leads to focused 
technological trajectories with reduced market uncertainty (Gaynor, 2001). Sometimes there 
are also competing standards (Wiegmann et al., 2017) that can co-exist and compete on the 
market. It is not hard to see why increasing variety of incompatible or non-interoperable 
product interfaces is anything but welfare increasing. In the standardization process, decision-
makers collectively select in a consensus basis and there is no need for all the competing 
standards to enter the market when competition and selection of technical solutions occur 
within standardization process instead.  

Standards can be concurrently defined as either knowledge, ideas, meta-ideas, technology, 
recipes and institutions. Standardization is a process where technical specifications of certain 
aspects of technologies are codified and thus the standard is codified knowledge. “Idea” is a 
very broad concept that forms the basic unit of “ideas-based growth” (Romer, 1993; Jones, 
2005) and can be defined as “instructions or recipes, things that can be codified in a bitstring 
as a sequence of ones and zeros” (Jones, 2005). According to Romer “Perhaps the most 
important ideas of all are meta-ideas—ideas about how to support the production and 
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transmission of other ideas”.3 Standards fit this definition. As already mentioned, standards 
are also institutions, i.e., rules of the game, as they constraint future technological 
development by reducing variety (cf. North, 1991). Moreover, standardization process is a 
meta-idea or institution as it is an idea about how to produce efficiently better ideas. 
Standards are technologies or recipes since they specify how one gets a specific output from a 
set of inputs (Romer, 1990). In addition, standards can be regarded as “technological 
trajectories” (Dosi, 1982, 1988; Cozzi, 1997; Kim et al., 2017). By reducing variety of 
technologies, standardization promotes more efficient allocation of resources as economic 
agents abandon some technological trajectories. 

According to Grossman and Helpman (1994) “profit-seeking investments in knowledge play a 
critical role in the long-run growth process”. Knowledge, technology and innovations are not 
“manna from heaven” (cf. Audretsch, 2007). Similarly, standards are not manna from heaven. 
In Romer’s (1990) endogenous growth model, growth “is driven by technological change that 
arises from intentional investment decisions made by profit-maximizing agents.” Economics 
agents require appropriate incentives to invest in standardization activities and adopt 
standardized technologies. Thus, the observation that companies participate in technology 
standardization and adopt standardized technologies indicates that companies consider 
standardization to have positive expected returns.  

2.2 Empirical Link Between Standardization and Economic Growth 

The importance of standards has increased over past decades (Tirole & Lerner, 2015) 
particularly in the ICT sector (Shapiro & Varian, 1999; Baron et al., 2019). According to 
Baron et al. (2019) standardization has long been recognized as playing an important role in 
technological innovation, the diffusion of new technologies, and economic growth. Therefore, 
it is expected that their impact on the rate and direction of technological progress and 
economic growth has similarly increased. Standards are a heterogenous set and similarly are 
standard development organizations (Wiegmann et al., 2017; Teece, 2018; Baron & Spulber, 
2018; Baron et al., 2019). Here, we briefly review how SDO’s describe their operations and 
whether there is any empirical link to innovation and technological change.  
Schumpeterian growth theory (Aghion et al., 2015) predicts that incumbents do the most 
R&D. Incumbents also do the most standards development according to empirical evidence 
(Larouche & Schuett, 2019). Existing empirical evidence on the impact of standards is scant 
(Blind & Jungmittag, 2008; Rysman & Simcoe, 2008; Baron & Schmidt, 2017). The typical 
challenge is the lack of data of counterfactual worlds. However, empirical evidence suggests 
that standardization has important impacts in multiple fields.4  
Whereas a large share of standardization literature has discussed the possibility that standards 
may lead to lock-in to inferior technologies (David, 1985; Maze, 2017), empirical evidence 
suggests that standard development organizations perform well in selecting important 
technologies (Rysman & Simcoe, 2008). Kim et al. (2017) find that standards are a driving 
force of technological convergence. Interestingly, it seems that in the economics literature the 
potential negative impacts of standards seem to be sometimes more frequently cited than the 
benefits of standards. The anecdote of QWERTY keyboard as an inferior de facto standard is 
a very popular example to illustrate how path-dependence and standardization can lead to 
lock-in into an inefficient equilibrium outcome (David, 1985).  

                                                
3 https://www.econlib.org/library/Enc/EconomicGrowth.html Last accessed 16 Aug 2019. 
4 Quantification is challenging and existing country comparisons rely on “stock of standards” proxy variable 
when analyzing the association between standards and economic growth (e.g. Blind & Jungmittag, 2008). 
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Our understanding on the impacts of standards has extended over time. While David (1987) 
identified three different purposes of the standards 1) compatibility or interoperability, 2) 
minimum quality or safety and 3) variety reduction, Swann (2010) lists eight 1) variety 
reduction, 2) quality & performance, 3) measurement, 4) codified knowledge, 5) 
compatibility, 6) vision, 7) health & safety, and 8) environmental (see also Swann, 2015). For 
more extensive reviews of the impacts of standards see Swann (2000; 2010). Network 
infrastructures particularly require compatibility standards (Farrell & Saloner 1985). 
Telecommunication and broadband infrastructures have been found to positively affect 
economic growth (Röller & Waverman, 2001; Czernich et al., 2011) and telecommunication 
is an archetype example of a network industry which standards have been and continue to be 
subject to a lot of IO analysis (Leiponen, 2008).  

An important aspect of standards and standardization is geography. Standards are often 
classified as national, international or global (Swann et al., 1996; Nadvi, 2008). The 
geographical dimension affects particularly strongly the scale effects and, in the case of 
compatibility and interoperability standards, network effects. Researchers of economic 
growth have allocated significant amount of their attention to country comparisons and cross-
country knowledge spillovers. International trade promotes efficient division of labor, fosters 
diffusion of ideas and causes economic growth (Frankel & Romer, 1999). Empirical evidence 
suggests that certain standards promote trade (Swann et al., 1996; Levinson, 2006; Bernhofen 
et al. 2016). Standardization increases the size of the markets and promotes economies of 
scale by enabling compatibility. When standards are national and differ across countries, 
domestic companies may face entry barriers to foreign markets due to incompatible standards. 
International standardization promotes, therefore, international competition and competition 
puts pressure on companies to innovate. Table 1 summarizes the economic impacts of 
standards discussed in prior literature. 

Table 1. Economic impacts of standards, examples 

 
Notes: Summary based on Swann (2000, 2010) and Blind (2013). 

To summarize, standards are ubiquitous and their economic impact is mainly positive 
according to the existing empirical studies. The extensive use, support and development of 
standards that we observe in practice signal that standards are welfare increasing and 
economic growth promoting. The research question of this article is, thus, what is the role of 
technology standardization in leading economics journals and particularly economic growth 
theory? Do leading economic growth researchers acknowledge the link between 
standardization and economic growth? Do books of economic growth discuss 
standardization? 
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3 Allocation of Attention in Scientific Research and Education 
Why certain research topics receive a lot of attention while others receive negligible to none? 
Which factors determine the set of research trajectories that we observe and which factors 
determine the division of labor across scientists and distribution of attention over the set of 
(in)finite set of research topics? How the famous “invisible hand” generates, via a 
decentralized process, an equilibrium of supply and demand of scientific knowledge where 
self-interested researchers produce scientific knowledge that meets the needs of society? In 
this section, we present a simple framework to analyze the allocation of attention among 
researchers. We move from general scientific progress to the specificities of economics.  

3.1 General Framework 

Science is a social institution and researchers who produce scientific knowledge are humans 
with all the human limitations, interests and intrinsic and extrinsic motives (Goldman & 
Shaked, 1991; Leonard, 2002). The attention of scientists is a scarce resource and a 
coordination device in the production of scientific knowledge and development of new ideas 
(Klamer & van Dalen, 2001; Simcoe & Waguespack, 2011). Hence, the allocation or 
distribution of attention is typically skewed (Klamer & van Dalen, 2001): some pieces of 
knowledge attract more cumulative attention than others. Researchers are necessarily 
boundedly rational decision makers as their time and capacity to review all the existing 
scientific literature are limited. As a consequence, we understand more about those structures 
and behaviors of the physical world where researchers allocate their attention. 

According to Klamer and van Dalen (2001) researchers tend to cluster with likeminded 
researchers. There exists empirical evidence that status helps draw critical attention to a new 
idea (Merton, 1968; Simcoe & Waguespack, 2011). This “Matthew effect” may lead to 
herding and path-dependent accumulation of scientific knowledge (Merton, 1968). There are 
also pecuniary rewards to received attention and studies report a positive association between 
citations and salary (see Hamermesh, 2018 Table 8 for a summary).  

As technological progress and standard development, also scientific progress and allocation of 
attention among researchers are endogenous processes, that is, defined “within the system”. 
The dynamics of this process could be analyzed using rational choice theory as any other 
decision-making situation where an optimizing decision maker with certain preferences 
makes choices (cf. Diamond, 1988; Brock & Durlauf, 1999). Suppose there is a finite set of 
researchers, an infinite set of research topics and finite time. Researchers aim to produce 
scientific knowledge and compete for the priority (Dasgupta & David, 1994; Strevens, 2013). 
Researchers’ “return” is conditional on being first to create new ideas and new research 
results. Thus, the optimization problem faced by a researcher at a specific point in time could 
be characterized as a choice of distributing attention and research effort over a menu of 
research topics that maximizes expected utility over researcher’s career given her preferences, 
existing scientific knowledge, institutions and beliefs over choices of other researchers.  

Irrespective of the exact form of researchers’ heterogenous objective functions, preferences 
and incentive systems, it is clear that researchers face tradeoffs and must make choices how to 
allocate their scarce attention during the finite time that they have. The limited attention of 
academic researchers is necessarily focused on specific set of topics during the finite research 
career.  Researchers must prioritize given their preferences over the set of possible research 
topics and, also, concurrently take into account and have beliefs and second-order beliefs 
about the choices of other competing researchers. The outcome of these correlated research 
topic choices and allocation of attention is a set of research paradigms and trajectories that we 
observe. In other words, the observed research outputs reveal researchers’ preferences and 
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beliefs on what they have considered important and worth researching. These choices may 
have path-dependent consequences on the careers of researchers (cf. Jensen, 2013).  
Weitzman (1998) notes that several authors have argued that invention or discovery in any 
sector takes place by combining ideas. Since science is cumulative by nature, there is a 
tendency of path dependence and lock-in on specific topics, theories and/or methodological 
choices (Akerlof, 2019). Researchers stand on the shoulders of giants and build their studies 
on prior existing studies and research trajectories (Kuhn, 1962; Furman & Stern, 2006). Kuhn 
(1962) highlighted the role of books in establishing research paradigms. He writes that 
“textbooks expound the body of accepted theory, illustrate many or all of its successful 
applications, and compare these applications with exemplary observations and experiments” 
(p.10) and that “from textbooks each new scientific generation learns to practice its trade”.  
The content of textbooks and existing research articles have an impact on the framing of 
certain topics. Figure 1 illustrates that researchers stand on the shoulders of giants and 
existing knowledge stock defines research topics and syllabuses of the courses that are based 
on prior research.  

 
Figure 1. Allocation of attention or division of cognitive labor of researchers. Authors’ illustration. 

Systematic reviews and bibliometric analyses can reveal research gaps or under-researched 
topics. Romer (1990) describes ideas as recipes that can be combined and Weitzman (1998) 
formalized an idea-based growth model by “introducing a production function for new 
knowledge that depends on new recombinations of old knowledge” (see also Olsson, 2000, 
2005). Research gaps can be understood as combinations of ideas that have not yet been 
investigated in the existing literature. Researchers have not even considered these idea 
combinations, or they have considered them but allocated their limited attention to different 
more promising topics or combinations of ideas.  

3.2 Economics Framework 

Which factors determine the set of research trajectories that we observe in the field of 
economics? How do researchers choose their research topics in the field of economics? Which 
research articles are accepted by editors to be published in leading economics journals? The 
sociology of economics research that focuses on this type of questions has a long tradition 
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(e.g., Samuelson, 1962; Stigler & Friedman, 1975; Colander, 1989; Coupé, 2004; 
Hamermesh, 2018). 
Empirical evidence indicates that publications and citations matter for labor market outcomes 
and salaries of economists (Coupé, 2004; Hamermesh, 2018). Therefore, economists as 
economic agents may focus on topics that fit well into the orthodox views of the research 
community and are therefore easier to publish in journals (cf. Brock & Durlauf, 1999; 
Akerlof, 2019; Heckman & Moktan, 2019). There can be a conflict between societal 
preferences and individual preferences of economics researchers in the allocation of 
researchers’ attention, allocative inefficiency. The society might benefit from the increased 
useful knowledge in one topic but economics researchers choose another topic.  
Moreover, it has been documented that most novel and innovative ideas may face harsh 
resistance before they are accepted (Gans & Shephard, 1994) and there exists evidence on a 
bias against novelty in science (Wang et al., 2017; Akerlof, 2019). For instance, W. Brian 
Arthur’s seminal article (1989) was published only after multiple rejections by leading 
economics journals over a six-year period (Gans & Shephard, 1994).  Sometimes important 
new ideas are discovered only after years since they were published. 
Hodgson and Rothman (1999) among others have documented a strong dominance in 
published journal articles and journals’ editorial boards by a few U.S. institutions. They raise 
concern that such “institutional and geographical concentration of editors and authors may be 
unhealthy for innovative research in economics”. Similarly, Coupé (2003) report that U.S. 
universities and American economists dominated in the production of economics literature 
during 1990-2000, but the extent of the dominance was decreasing over the period. Drèze and 
Estevan (2007, see Table 11) provide further evidence of concentration by reporting that 
authors based in U.S. institutions dominate publishing in top economics journals. According 
to Frey and Eichenberger (1993) American economists tend to specialize in theory but neglect 
local institutions whereas European economists are theoretically broad and institutionally 
specialized. Institutional differences between U.S. and Europe can play a role in the context 
of standardization research. 
Presumably, researchers that focus on the theory of economic growth are no different from 
other researchers. Also, they build their new ideas and theories by combining ideas generated 
by past economic growth theory researchers. In the context of economic growth theory (and 
economics more generally) Nobel laureates Robert Solow and Paul Romer among other could 
be described as “giants” upon whose shoulders current and future growth theorists stand. The 
high number of forward citations received by their research articles is a clear indication of this 
(see Table 4).  

Since, the curricula of economics courses is itself an institution that directs the attention of 
economics students it is important to analyze the content. A conscious or unconscious choice 
to leave some important topics, such as the economic impact of standards, out of economics 
curricula is likely to have certain outcomes. Students probably less often write their theses 
about those topics that are not discussed on their courses. The process is endogenous and 
incremental: economics students become experts mainly in the fields in which they receive 
education.  
To our knowledge, there are no bibliometric analyses on how economists have allocated their 
attention to standardization and particularly on the role of standardization in the context of 
economic growth. Narayanan & Chen (2012) summarized the primary research streams and 
key arguments of technology standards research but didn’t focus on the perspectives of 
economics literature. They conclude that “the greatest opportunity lies in integrative works 
that will take us one step closer to a comprehensive view of technology standards”. Choi et al. 
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(2011) documented using a bibliometric analysis that standardization and innovation research 
has continuously increased over time: In 1995, there were 13 published articles and in 2008 
68 articles focusing on these topics (altogether 528 articles in Web of Science). Choi et al. 
(2011) identified six subject group domains of management, economics, environment, 
chemistry, computer science and telecommunications and suggested that future studies could 
analyze deeper the details of these subject group domains. This article focuses on economics 
domain and tries to offer one integrative view by analyzing the link between standardization 
and economic growth.  

4 Methodology and Data 
In order to analyze the attention allocated to the link between standardization and economic 
growth in economics literature, we conduct a bibliometric analysis that uses a variety of 
different search techniques and methods. The analysis is purely descriptive and comprises 
three sections: 1) Standardization in leading economics journals, 2) standardization in the 
peer-reviewed articles of leading researchers of economic growth, and 3) standardization in a 
set of economic growth-related books. Scientific articles and books comprise the core of 
knowledge base that impacts the allocation of attention by future researchers and teachers (see 
Figure 1). In the following sections, we transparently explain the data gathering process in 
detail so that other researchers can replicate the analyses in the future. 

4.1 Articles in Leading Economics Journals 

Leading academic journals in economics enjoy authoritative positions. Following prior 
studies (e.g., Kalaitzidakis et al., 2003; Heckman & Moktan, 2018; Hamermesh 2013, 2018) 
we focus on the so called “top5” economics journals: American Economic Review (AER), 
Quarterly Journal of Economics (QJE), Econometrica, Journal of Political Economy (JPE) 
and Review of Economic Studies (RES). It is justifiable to say that they form “the core” of 
scientific knowledge stock in economics. Majority of the most cited economics papers have 
been published in them.5 Heckman & Moktan (2018) report that top5 publications “have a 
powerful influence on tenure decisions and rates of transition to tenure” and that “pursuit of 
T5 publications has become the obsession of the next generation of economists”. They also 
show using a survey that the perceptions of young economists are consistent with this view.  
Furthermore, several of the most important articles in the field of economic growth have been 
published in Top5 journals. These include Romer (1990) published in JPE, Solow (1956) 
published in QJE, Grossman and Helpman (1991) and Acemoglu (2002) published in REStud, 
Aghion & Howitt (1992) published in Econometrica and Kuznets (1955) and Nelson & 
Phelps (1966) published in AER. Of these authors Kuznets, Solow, Phelps and Romer have 
received Nobel Memorial Prizes in Economic Sciences in 1971, 1987, 2006 and 2018, 
respectively. 

As we focus on analyzing the association between standardization and economic growth, we 
add the Journal of Economic Growth to complement Top5 journals in the sample of 
economics journals. Journal of Economic Growth is the leading special journal in the field. 
Here, the unit of observation is an article in the sample of the mentioned leading economics 
journals. The search query that we apply in Scopus database is: ALL("standardization" OR 
"standardisation") AND ALL(technology OR technologies OR technological OR technical) 
AND ALL("economic growth"). 

                                                
5 See https://ideas.repec.org/top/top.item.nbcites.html Accessed on 29 February 2020. 
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4.2 Articles by Leading Researchers of Economic Growth 

Leading researchers of economic growth are the key decision makers that make important 
choices how the paradigms and trajectories of economic growth research evolve over time (cf. 
Figure 1). Their allocation of attention directs, in a path-dependent manner, the attention of 
other researchers.  

We analyze whether leading researchers of economic growth have studied the link between 
standardization and economic growth. We acknowledge that there are various alternative 
ways to define the leading researchers of economic growth. We limited the sample to editors 
of Journal of Economic Growth (as of June 2019) which is one of the leading journals in the 
field and which has been published since 1996. Its editorial board includes Nobel laureates 
Paul Romer and Paul Krugman. In addition, most of the editors have written articles to the 
“Handbook of Economic Growth” which was also edited by the journal’s editors Philippe 
Aghion and Steven Durlauf. There were 34 editors as of June 2019 and Scopus found 2212 
documents (incl. articles and books) published by them as of 14th August 2019. The number 
of documents is biased downwards as Scopus database does not include all older articles (pre-
1996). In order to identify documents that focus on standardization and economic growth, we 
conducted keyword searches in Scopus database for each author’s documents separately using 
the following search query: ALL("standardization" OR "standardisation") AND 
ALL(technology OR technologies OR technological OR technical) AND ALL("economic 
growth"). Each author had on average 65 publications (median: 53) in Scopus database. Thus, 
the unit of observation here is an article written by an editor of the Journal of Economic 
Growth.   

4.3 Books Related to Economic Growth  

Although books are not the major vehicle of scholarly communication in economics 
(Hamermesh, 2018) they are still often used in teaching as textbooks. Presumably, books of 
economic growth are an important knowledge source for students of economic growth (cf. 
Figure 1) since they are often used as course books and enter the syllabuses of university 
courses that focus on economic growth theory.6 Books may therefore frame the thinking of 
future economic growth researchers (cf. Kuhn, 1962). We limit the attention to books 
published by editors of the Journal of Economic Growth. We inquired whether 
“standardization” or “standards” occurred in their indexes. The unit of observation is an index 
of an economic-growth-related book written by an editor of the Journal of Economic Growth.  

5 Findings 

5.1 Top Economics Journals 

Table 2 reports the numbers of articles published in the leading economics journals that are 
captured using the specific search terms. It indicates that there are only a few articles 
published in top5 journals related to standardization and economic growth. Table 3 lists the 
articles that are found using the search terms in column 3 in Table 2. 

 
 

                                                
6 E.g., “Economic growth” course by prof. Daron Acemoglu at MIT in 2016, 
https://ocw.mit.edu/courses/economics/14-452-economic-growth-fall-2016/syllabus/ uses Acemoglu (2016) as 
textbook. 
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Table 2. Leading economics journals 

 

Table 3. Articles related to standardization and economic growth 

 
Notes: Based on Scopus results. As of 14 Aug 2019. 

A manual check of the articles in Table 3 reveals that they in fact do not focus on 
standardization in the sense that is discussed in this article (i.e., standards development). 
Articles by Adserà and Ray (1998) and Sákovics and Steiner (2012) are captured by the 
keyword search because they cite Farrell & Saloner (1985) article that has the word 
“standardization” in its title instead of actually analyzing the association between 
standardization and economic growth. Similarly, Acemoglu (2007) cites Farrell & Saloner 
(1985) but mentions “standardization” also on page 1378 in a footnote: “I assume that the 
research firm can only choose one technology, which might be, for example, because of the 
necessity of standardization across firms.” Also, Jovanovic & Rousseau (2014) does not 
focus on standards development although they write on page 864 “Our distinction between 
extensive investment in new projects and intensive investment in continuing projects is 
related to one made by Acemoglu, Gancia, and Zilibotti 2012 between innovation and 
standardization costs”. Acemoglu & Restrepo (2018) have a labor economics perspective on 
standardization as they focus on “standardization of tasks” instead of product standardization. 
Finally, Acemoglu et al. (2018) is captured because it refers to Acemoglu et al. (2012) that 
has the word “standardization” in its title.  

To summarize, we did not find one single article published in top5 economics journals that 
analyses the link between standardization and economic growth. It is worth noting that in the 
context of labor economics the concept of standardization is more related to “standardization 
of tasks” (e.g., Acemoglu et al., 2012; 2018) than product or system standardization or 
technical specifications. 

5.2 Leading Researchers of Economic Growth 

By August 2019, the Journal of Economic Growth has published no articles that 1) focus on 
technology standardization (see section 4.1), 2) list “standard”, “standards” or 
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“standardization” as keywords or 3) list “L15” as JEL classification. 7 Using economics 
jargon: it seems that the existing research on standardization has not been used as an input in 
the production of economic growth theory. Therefore, we focus in this and the next section 
more deeply on analyzing the attention allocated to standardization by the editors of the 
Journal of Economic Growth.   

Table 4 reports the number of articles by leading economic growth researchers which mention 
specific keywords related to standardization and economic growth. It is notable that only six 
out of 34 editors (~18%) are affiliated with European universities while 26 are affiliated with 
American universities and three with an Israeli university. 

Table 4. Leading researchers of economic growth 

 
Notes: *Editor in chief ** As of 14th August 2019 All errors are author's ***Search in Scopus: Among 
the documents published by the selected author, ALL("standardization" OR "standardisation") AND 
ALL(technology OR technologies OR technological OR technical) AND ALL("economic growth") 

 

Table 5 lists the articles that are authored by editors of the Journal of Economic Growth and 
are captured by the specific search terms related to standardization and economic growth 
presented in Section 4.2. Note that there is a significant overlap between articles in Table 3 
and Table 5 as four articles can be found in both tables. Notably, Acemoglu is an author in 
seven of the 11 identified articles. We explained already above why Adserà and Ray (1998), 
Acemoglu (2007), Acemoglu (2018) and Acemoglu & Restrepo (2018) are captured. A closer 
look into the contents of the seven other articles reveals why search query captures them. 
Durlauf (2005) is captured because its reference list includes Farrell and Saloner (1985) and 
Acemoglu et al. (2015) and Zilibotti (2017) are captured because they cite Acemoglu et al. 
(2012). Acemoglu & Akcigit (2012) is captured as it cites Acemoglu et al. (2012) in footnote 
7 and Acemoglu (2012) is an introduction to the special issue of the Journal of Economic 

                                                
7 L15 “Information and Product Quality: Standardization and compatibility” 
https://www.aeaweb.org/jel/guide/jel.php. Only keyword that was found to contain term “standards” is 
“International Labor Standards”. 
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Theory that includes and introduces the article Acemoglu et al. (2012). Acemoglu et al. 
(2012) focuses on standardization but from a slightly differing theoretical “labor economics” 
perspective. In other words, Aghion et al. (2009) is the only article by an editor of the Journal 
of Economic Growth that actually discusses standardization from the perspective of this 
article. Interestingly, their perspective on standardization seems to be relatively negative, as 
they write (p.689): “In network industries, and in product markets characterized by network 
externality effects, a policy stance of avoiding deliberate standard-setting is not a strategy 
sufficient to prevent regrettable standardization outcomes, in which industries are “locked in” 
to an inferior technical system that proves costly to abandon.” They also highlight on page 
689 that “Perhaps the most productive question to ask is how we can identify situations in 
which, at some future time, most technology users would look back and agree that they would 
have been better off had they converged on the adoption of an alternative technical option 
(David, 1987).”  

Table 5. Articles by editors of the Journal of Economic Growth8 

 
Notes: Notes: *Editors of J of Econ Growth bolded. **As of 14 Aug 2019 

5.3 Books Related to Economic Growth  

Table 6 shows that most economic growth theory textbooks do not mention “standardization” 
in their indexes. Most prominently, the authoritative “Handbook of Economic Growth” 
(Aghion & Durlauf, 2006; 2014) is among that majority. Yet, a few exceptions are found. 
David Weil (2012) mentions standards briefly but focuses on government imposed standards 
on p. 305:  
“Excessive standards – Governments impose standards on all sorts of goods that are sold in 
their countries, ranging from regulations designed to protect public health (e.g., pure-food 
standards) to requirements that enable different pieces of equipment to work together. Often, 
however, standards are used to keep foreign products out of the market. For example, Israel, 
with a population of only 6 million, requires the use of an electrical plug that is unique in the 
world, to give an advantage to local manufacturers of electrical equipment.” 
Mokyr (2002) mentions “standardization” a few times, for instance, on p. 111:  

“Modularization was closely related to standardization, making all products of particular 
type conform to a uniform standard. Standardization, much like modularization, helped not 

                                                
8 In addition to these articles, the search query captures three book chapters that are excluded from this table. 
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just during the production stage of output but also in the maintenance of durable equipment. 
Whoever could repair one Model T could repair any Model T.”  
These observations suggest that standardization plays no focal role in economic growth 
books. This indicates that researchers of economic growth do not generally consider 
standardization to be an important factor affecting technological progress and economic 
growth. 

Table 6. Books related to economic growth 

 
Notes: Economic-growth-related Books published by the editors of the J of Econ Growth as of August 
2019. 

A comprehensive keyword search within the content of these books is left for future research. 
However, we conducted a keyword search using search term “standardization” among the 
articles that are included in volumes 1 and 2 of the Handbook of Economic Growth (Aghion 
& Durlauf, 2006; 2014). The Handbook of Economic Growth that is edited by world-leading 
researchers of economic growth could be considered to represent the stage of the current 
scientific paradigm. We found one article that included word “standardization”: Ventura 
(2005) mentions “Advances in telecommunications technology and the standardization of 
software allow producers around the world to combine physical and human capital located in 
different regions in a single production process” but does not discuss standardization more 
extensively. This observation further corroborates the currently missing link between 
standardization and economic growth theory. 
To summarize, these findings suggest that there is a research gap regarding the association 
between standardization and economic growth. The current paradigm of economic growth 
theory does not incorporate standardization. Top economics journals have published no 
articles related to the topic between 1996 and 2018. The leading journal in its field, the 
Journal of Economic Growth, has not yet touched upon standardization and most researchers 
in its editorial board have allocated only little attention to standardization. Finally, the concept 
of standardization is not well-specified and recently seems to be more often related to 
“standardization of tasks”.  
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5.4 Limitations and Avenues for Future Research 

Current analysis has several limitations. For instance, it includes only a small portion of 
leading economics journals and excludes several journals that have published important 
articles related to standardization (e.g., Journal of Economics and Management Strategy, The 
Economic Journal, European Journal of Political Economy). Second, the applied keyword 
search methodology is not necessarily the most accurate one and additional robustness checks 
could be conducted. Finally, the current analysis is just a snapshot of a specific research gap 
at a specific point in time and, thus, it becomes obsolete quickly as the literature on 
standardization keeps on growing. 

Initially, we planned to use the Journal of Economic Literature (JEL) classifications codes in 
identifying standardization-related articles (cf. Cherrier 2017). JEL classification code L15 is 
“Information and Product Quality: Standardization and compatibility” and according to JEL 
guideline it “includes studies on standardization and on compatibility, which reduces the 
problems associated with the information-product-quality nexus”.9 JEL classification also lists 
“compatibility”, “standardization” and “ISO” as keywords belonging to L15. However, the 
use of JEL classification codes is not always consistent. As an example, whereas Baron & 
Schmidt (2017) is classified to categories E32, E22, O33, O47 and L15, Blind & Jungmittag 
(2008) is classified to O41, O52, O11 and E13. There is no overlap despite the fact that both 
articles analyze the macroeconomic impact of standards. When looking at keywords, there is 
a similar lack of overlap but both articles have “standards” or “standardization” as 
keywords.10 Due to these inconsistencies, this alternative JEL-classification search option is 
left for future studies and possible replications and updates.  
As illustrated in section 3.2, accumulated economics research and textbooks affect the 
curricula of economic growth courses. Future studies could extend the analysis to reviewing 
the role of standardization in economics courses. Acemoglu (2013) has recommended that 
economics instructors should spend more time on teaching economic growth at the 
undergraduate level and also on emphasizing the importance of technology as the key 
determinant of economic growth. The same growth course could be accompanied with a brief 
review of standardization so that economics students acknowledge the importance of 
standards. There already exists multiple initiatives to increase awareness of the importance of 
standards (de Vries & Egyedi, 2007; Choi & de Vries, 2011; Blind and Dreschler, 2017).  

Economics has shifted over time increasingly from theoretical modelling to empirical analysis 
(Hamermesh, 2013). As there is better and better data on standardization available for 
researchers (e.g., Baron & Spulber, 2018; Baron & Gupta, 2018), it is expected that there will 
also be more publications on the topic and empirical economists begin to allocate more 
attention to standards. Future research could focus on analyzing and quantifying the macro-
level economic impact of standards. Evidence-based policies require rigorous empirical 
analysis and, presumably, the welfare effects of standardization receive more attention in the 
future. 

6 Concluding Remarks 
The main findings of this article are the following. No article has analyzed the link between 
standardization and economic growth in top5 economics journals and the Journal of 
                                                
9 See https://www.aeaweb.org/jel/guide/jel.php Accessed on 27 July 2019 
10 Keywords of Baron & Schmidt (2017) are “technology adoption; business cycle dynamics; standardization; 
aggregate productivity; Bayesian vector autoregressions. Blind & Jungmittag (2008) lists as keywords “Growth; 
Innovation; Standards; Patents; Country effects; Industry effects”. 

56



 

Economic Growth. A representative sample of leading researchers of economic growth has 
allocated only negligible attention to the link between standardization and economic growth. 
Economic growth theory textbooks and closely related books only occasionally mention 
standardization. Based on these findings, it is plausible to conclude that the current paradigm 
of economic growth theory neglects standardization. We confirm the observation that there 
are very few academic studies in the field of economics that analyze the contribution of 
standardization to economic growth (Blind et al., 2005; Blind & Jungmittag, 2008; Baron & 
Schmidt, 2017). 
Existing empirical evidence suggest that standards may have significant economic impacts. 
Yet, the role of standardization as a factor in economic growth and development has, thus far, 
been neglected. These observations indicate that mainstream economic growth researchers 
have not considered standardization to be an important determinant of economic growth and 
prosperity. This lack of attention may have significant implications. Since university teaching 
is research-based, with the limited accumulated research on the role of standards in 
technological change there exists a risk that standardization will receive little attention also in 
the future. Standards matter for technological progress, productivity and economic growth. 
Economic growth researchers could further shed light on the black box of technological 
progress by allocating slightly more attention to standardization.  
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Abstract. While (technical) standards often affect society as a whole, they 
are mostly developed by men. This paper motivates research on the gender 
gap in standardization and focuses on the under-representation of women in 
STEM and leadership positions as one possible cause. A novel dataset of 
8,134 standardizing organizations with 28,175 affiliated experts (10.5% 
female) confirms that women are numerically under-represented. A 
regression of organizations’ characteristics on representation by women 
shows that size, industry, and geographical location are significant factors: 
Standard-setting by construction, mechanical and electrical engineering 
companies is especially male-dominated, while the east of Germany shows a 
higher representation of women in standardization than the west. 

1 Introduction 
The creation of technical standards has traditionally been an area dominated by men. Early 
standard-setting was rooted in the need to react to the fast technological development of the 
19th century and was motivated to develop a system of standards that would unify units of 
measurement and enable interoperability between new devices. It was set in an era where 
womens’ movement towards representation in science and engineering and in political 
decision-making was in its early infancy. The under-representation of women in areas that 
were most relevant to technical standardization was reflected in the composition of the first 
standard-setting committees. At the precursory meeting to the founding of the International 
Electrotechnical Commission (IEC) in 1904, for example, all 25 delegates were men1.  
More than 100 years later, the under-representation of women is perceived to be a persistent 
characteristic of standardization. Considering the advancements in womens’ rights and 
increasing representation in science and engineering since the second world war (Canel, 
Oldenziel, & Zachmann, 2005), participation of women in standard-setting committees is still 
assumed to be low. This impression is reinforced when looking at gender statistics of 
standard-setting organizations, e.g., those of committee managers at IEC and the International 
Standards Organization (ISO). 

In January 2020, 93% of all 220 committees at the IEC were chaired by men, while women 
mostly filled lower-ranked, administrative positions (see figure 1). At ISO, where committees 
work on a much broader, and often less technical range of topics, female numbers were 
slightly higher, while the distribution of women was similarly skewed towards lower-ranked 
positions. 

                                                
1 See e.g. https://www.iec.ch/about/history/; Yates and Murphy (2019) 

61



 

 

 
Figure 1. Percentage of positions in technical committees held by women. IEC (n=220) and ISO 

(n=248), January 2020 2  

This paper aims to contribute to research on the gender gap in standardization in an initial 
approach to the topic. The empirical investigation of the descriptive representation of women 
contributes to answering the following questions: 

• To what extent are women represented in standardization? 

• Why (if so) are women under-represented? 
With limited literature on the representation of women (and the role of gender in general) in 
standardization, this paper first explores how the topic is currently addressed in relevant fora. 
A short review of literature on the role of gender in related fields, e.g. scientific publishing 
and patenting, gives an indication of the potential relevance of a gender gap in 
standardization. It shows that the topic is not only relevant from the perspective of political 
legitimacy and gender equality, but also from that of possible output-enhancing effects of 
gender diversity. 

Investigating the second research question, the paper focuses on the (maybe most probable) 
theory that a possible gender gap in standardization can, at least in part, be explained by 
female under-representation in relevant positions in organizations that contribute to standards. 
Particularly industry affiliation and geographical location are hypothesized to be factors for 
gender gaps, both in the participating organizations and consequently in standardization. 
The analysis of a unique dataset of standardizing experts and organizations does indeed reveal 
a significant gender gap in standardization. Results from a regression model further confirm 
that organizations from industries and regions associated with a lower share of women in 
relevant positions also show a decreased probability of being represented by female experts in 
standardization. The paper closes with a discussion of the results and ideas for further 
research. 

2 Literature review 
Several economic and employment policy initiatives have addressed gender inequality in the 
job market and the gender pay gap in the past (e.g., European Parliament, 2019). In Europe, 
such policies date back least to at least 1957, when gender-equal pay was defined in, e.g., Art. 

                                                
2 Names scraped from IEC and ISO websites, sex inferred from “Mr” and “Mrs” prefixes and manually from 
first names; sources: 
https://www.iec.ch/dyn/www/f?p=103:6:12710394311485::::FSP_LANG_ID:25/txt/sc3d.htm, 
https://www.iso.org/technical-committees.html 
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119 of the Treaty of Rome (e.g., Jacquot, 2017), and has been tied to the EU’s political 
identity ever-since (Bain & Masselot, 2012). 
In the field of standardization, the 2016 United Nations Economic Commission for Europe’s 
(UNECE) “Gender Responsive Standards Initiative”3 aims at “enhancing the use of standards 
and technical regulations” as means for achieving gender equality. Similar to the EU soft-law 
approach to gender policy, it aims to “mainstream a gender perspective in the development 
and implementation [or enforcement] of standards [and technical regulations]”  (UNECE, 
2019). Major international standard-setting organizations (SSOs) and national standards 
bodies (NSBs) have signed the initiative’s declaration (UNECE, 2019a)4. According to a 2018 
statement from the UNECE secretary of the Working Party on Regulatory Cooperation and 
Standardization Policies, before the signing of the UNECE declaration, “none of the major 
standard-setting bodies [had] adopted an official gender strategy for the organization and 
planning of their internal activities.”5 This issue is certainly also related to new initiatives that 
connect standardization to the UN’s “Sustainable Development Goals” (SDGs), in particular, 
SDG 5 - gender equality. In this context, support for female participation in standard-setting 
and highlighting of the contribution of standards to gender equality have started to be on some 
of the SSO’s agendas6.  

Initiatives emphasize the responsibility of standard-setters to create standards that promote 
gender equality. ISO, for instance, points to7 the standards ISO 19867-1:2018 and ISO/TR 
21276:2018. These standards define requirements for biomass cookstoves and are thought to 
have positive impacts on women, especially in developing countries. A participant in the 
UNECE initiative reports on code-of-conduct (BSR, 2017) and auditing standards (BSR, 
2018), an industry that is affected by gender-biases (Jonnergård, Stafsudd, & Elg, 2010). 
Voluntary sustainability standards can be tools to increase gender equality in global value-
chains (Smith, Busiello, Taylor, & Jones, 2018). 

Of course, considering gender in standardization can go beyond the focus on its outputs. In 
analogy to an integrated model of female political representation, e.g., discussed by Schwindt-
Bayer and Mishler (2005), a more comprehensive view on female representation in 
standardization (figure 2) would consider its output as only one, the policy representation, 
aspect. Another aspect would be formal representation, i.e., the rules and processes in the 
standardization system and participants from industry, that have an impact on the selection of 
representatives to participate in its committees. This aspect has direct effects on descriptive 
representation, measuring the “compositional similarity between representatives and 
represented” (Schwindt-Bayer & Mishler, 2005, p. 407), which is the focus of this paper. All 
these aspects finally have an impact on the symbolic representation, which describes how 
much the represented perceive to be represented fairly and effectively. 
UNECE acknowledges that while there is little literature on gender and standardization, 
“anecdotal evidence” indicates that “prevailing gender norms present barriers to women’s 
participation in the development of standards” and that “dominance of male representation in 
standard-setting affects the way that standards are produced, with insufficient consideration of 
                                                
3 https://www.unece.org/tradewelcome/tradewp6/tradewp6thematicareas/gender-responsive-standards-
initiative.html 
4 The complete list: 
http://www.unece.org/fileadmin/DAM/trade/wp6/AreasOfWork/GenderInitiative/Signatories_list_26022020.pdf 
5 http://www.unece.org/fileadmin/DAM/trade/wp6/documents/2018/PPTs/Lorenza_Jachia_Gender-
Responsive_Standards_2019.pdf 
6 E.g. at ISO: https://www.iso.org/sdg05.html 
7 https://www.iso.org/news/ref2329.html 
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women specificities in the deliverables” (UNECE, 2016, pp. 2–3). Translated to the model 
discussed above, this indicates that formal and descriptive under-representation in the 
standardization system is perceived to be a reason for the under-representation of women in 
standards. 
An equal representation of women in the standardization system is certainly fundamentally 
desirable from the standpoint of fairness and gender equality. It is furthermore a prerequisite 
for the system’s political legitimacy. Its input legitimacy depends on the representation of 
relevant stakeholders in the standardization process (Botzem & Dobusch, 2012; Schmidt, 
2013), which, especially from a societal perspective, necessarily includes women. 
Admittedly, public political representation and representation in standardization are different 
– standard-development is a private activity, through which industry agrees on their own, 
generally voluntary, set of rules. Particularly in the EU, however, there is a close relationship 
between standards developed by the private European standards organizations (ESOs), and 
public regulations and directives (Heß & Blind, 2019). The European standardization system 
forms a co-regulative relationship with the legislative, as European laws can leave the 
concrete arrangement of abstract rules to private standard-setters, who set, e.g., limit values or 
define measurement procedures in standards. This concept enables the timely uptake of 
innovation and technological progress into legislation, but it also increases the need for a 
legitimized standardization system. 

Aside from considerations of fairness and political legitimacy, how relevant is gender in 
standardization? Provocatively asked: are experts who develop standards not simply rational 
agents who are unaffected by personal characteristics, and who objectively represent the 
technological and political (Frankel & Højbjerg, 2012) agendas that were set by affiliated 
organizations? Are standards not merely results of technology-based, rational, well-prepared 
processes, and consensus-driven decisions within membership organizations? How much of 
the activity in standardization committees can be assumed to be affected by experts’ 
subjective features? The assumption that women’s participation necessarily has a different 
effect compared to that of men could, of course, be criticized as too far-reaching and “gender-
essentialistic.” 

Public data on the participation of women in standardization and, consequently, scientific 
literature on the topic is scarce. In innovation research, women are subjects of study as 
authors of scientific publications, or as inventors and applicants of patents. In these contexts, 
data is often tied and retraceable to the level of individuals. Public databases such as 
PATSTAT, Web of Science, or Scopus serve as sources for a number of bibliometric studies 
that examine (or control for) gender in patenting or scientific publication behavior (e.g., 
Frietsch, Haller, Funken-Vrohlings, & Grupp, 2009; Hunt, Garant, Herman, & Munroe, 2012; 
Jung & Ejermo, 2014; Intellectual Property Office, 2019), or in both (Blind, Pohlisch, & Zi, 
2018). Individual authors of standards documents are, however, commonly not published. 
Due to standards being a product of collaborative development and a consensus-finding 
process of a larger number of parties, as well as copyrights belonging to SSOs, the authorship 
is instead associated with the “organizational shell,” the technical committee that is part of the 
structure of an SSO. In many cases, information on the individuals who participated in a 
committee’s meetings, even their association with companies and other types of stakeholder 
organizations, is not made public and a disaggregation by gender is therefore unavailable. 
Literature from adjacent fields of science, technology, and innovation (STI) research does 
give indications of the relevance of gender (Alsos, Hytti, & Ljunggren, 2013; Bührer & 
Yorulmaz, 2019). In a comprehensive literature review, Bührer and Yorulmaz (2019) present 
evidence on the scientific, economic, societal, and environmental benefits of gender equality. 
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They argue that, regarding science and innovation, “the presence of diversity balances biases, 
which thereby contributes to the generation of alternative perspectives and experiences for 
exploring new problems.” Based on results from (Campbell, Mehtani, Dozier, & Rinehart, 
2013; Powell, Hassan, Dainty, & Carter, 2009; Tower, Plummer, & Ridgewell, 2007), Bührer 
and Yorulmaz (2019) for instance point out that “[scientific] publications of mixed teams, i.e., 
with a high share of female authors, receive higher citation rates than homogenous teams” and 
that “women have higher citation rates than men.” Of course, studies on the effect of gender 
are not always conclusive. In the discussion around the effect of board diversity on the 
financial performance of firms, for example, a meta-study found that results did not 
consistently point to a positive association (Pletzer, Nikolova, Kedzior, & Voelpel, 2015). 
However, evidence that does exist in STI literature suggests not to categorically reject any 
notion of gender-effects in standardization. 

3 Theory and hypotheses 
As outlined in the introduction, this paper is motivated by the fundamental assumption that 
women are under-represented in standardization. Further, that this creates several 
inefficiencies in the standardization-system: general unfairness, lower political input-
legitimacy, and possibly suboptimal utilization of knowledge and innovative capacity that 
could contribute to a higher-quality output. 

What could be explanations for an under-representation of women in standardization? 
The under-representation of women in science, technology, engineering, and mathematics 
(STEM) education and workforce suggests that it is much less likely for them to reach 
positions in which they would be candidates for becoming an organization’s representative in 
standardization committees. An often-used picture that describes the drain of women 
throughout the stages of education is that of a „leaky pipeline” (e.g., Blickenstaff, 2005). 
While the ratio of women to men is mostly balanced in earlier stages of education, the ratio 
changes to the detriment of women further along the pipeline, as considerably fewer women 
than men complete master’s degrees, Ph.D.s, and are appointed professors. In Germany, about 
53% of high school graduates with qualifications for university entrance are female. This 
number drops below 50% for university degrees, 44% Ph.D.s, 29% habilitations and 33% 
professorships (data from 1999 to 20188).  

The education filter is amplified by a culturally motivated horizontal (self-) segregation into 
stereotypically “male” and “female” work areas. In 2017, 21% of engineering students, and 
only 18% of students in information- and communication (ICT) related subjects at German 
universities were female9. Studies show that the gender pay gap is partially explained by this 
horizontal segregation in subjects of degree, where men are “more heavily represented in 
[higher paid] engineering/technology and physical/mathematical sciences, whereas women 
had a much larger share of graduates in [lower paid] language studies and humanities, creative 
arts, and education” (Machin & Puhani, 2002). In the German labor market, women are more 
often employed in jobs related to welfare (social), health-care and education, whereas jobs in 
construction and manufacturing are dominated by men (Bundesagentur für Arbeit, 2019). 
                                                
8 Source: Statistisches Bundesamt, GWK: https://www.gesis.org/cews/unser-
angebot/informationsangebote/statistiken/detailanzeige/article/frauen-und-maenneranteile-im-
qualifikationsverlauf-analyse-idealtypischer-karriereverlaeufe-studienbeginn-bis-berufung 
9 Source: Eurostat, OECD: https://www.gesis.org/cews/unser-
angebot/informationsangebote/statistiken/thematische-suche/detailanzeige/article/studentinnenanteile-in-
informations-und-kommunikationstechnologie-mathematik-statistik-naturwissenschaften-sowie-
ingenieurwissenschaften-im-internationalen-vergleich 
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While gender-related cultural norms change, and the proportion of women graduating in 
STEM rises, specific fields still appear to have strong deterrent effects on women (e.g., the 
construction industry; Watts, 2007; Powell et al., 2009). 

For many organizations, for example, companies in the construction industry or the electrical 
and mechanical engineering industry, filling certain technical positions with women might, 
therefore, due to a lack of supply in the job market, not even be a realistic option. In addition 
to the filter in early career stages, which is associated with the “leaky pipeline” in scientific 
education, and the horizontal self-segregation by subjects, women further face vertical 
segregation in subsequent stages. Women often have to overcome more opposition to career 
advancement than men, especially in male-dominated work environments, and can be stopped 
by a “glass ceiling” (Collischon, 2019) that prevents them from reaching leadership positions. 
Women in leadership positions (in German industries most relevant to standardization) are 
rarest in construction (7% women in top level), ICT (13%) and manufacturing (14%, data 
from 2014; Kohaut & Möller, 2016). The aspect that standardization experts are most often 
recruited from such a pool of experts in management and leadership positions in engineering 
industries (Blind & Drechsler, 2017; Blind & Heß, 2019), suggests even more limited chances 
for women in standardization than STEM student and job market figures might already imply. 

The representation of women in the workforce and leadership positions, as well as the pay gap 
between women and men, is furthermore subject to (subnational) regional differences 
(BMFSFJ, 2010; European Commission, 2012; Fuchs, Rossen, Weyh, & Wydra-Somaggio, 
2019; Holst & Friedrich, 2017). Particularly East Germany traditionally shows fewer 
disadvantages for women in the job market than the West (e.g., Fuchs et al., 2019). This can 
be attributed to historical and cultural developments, as well as to differing sectoral 
compositions.  
In a first approach to find an explanation for female under-representation, this paper assumes 
that input into the standardization system is restricted by a lack of “female supply,” as it sits at 
the end of a “leaky pipeline” that disadvantages women’s careers. According to the data and 
literature discussed in the previous paragraphs, gender-related disadvantages in areas that 
shape the supply of standardization experts have been shown to primarily vary with industry 
and region. Concentrating on these factors, the analysis will disregard any further 
discriminating effect that could be inherent to the standardization system itself, and assume 
that organizations choose equally among suitable experts to delegate to standardization 
committees, regardless of their gender. 

The following sections will, therefore, be dedicated to testing the following hypotheses: 
H1. Organizations’ industries are associated with the probability to be represented by 

women in standardization, negatively for traditionally more “male” industries 
(construction, mechanical, electrical engineering) and positively for more “female” 
industries (e.g. education, food). 

H2. Organizations located in East Germany are more likely to be represented by women in 
standardization. 

4 Methodology and data 
Multivariate logit analysis investigates the properties of organizations that are represented by 
women in standardization and of those that are not. The logit model is defined as:  
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������ � �� � ������� � ����������� � ���������� � ��������������� � �� (1) 

The dichotomous dependent variable ������ is equal to one if at least one woman is 
affiliated with organization �, otherwise zero. �� denotes unobserved or unobservable 
organization characteristics, such as a company culture, etc. The coefficients �� are estimated 
by a maximum likelihood procedure. I considered using a continuous model with the fraction 
of female experts as dependent variable, however, decided to focus on this binary 
representation, considering that the by far largest share of organizations sends no women at 
all, and the variation in the group of organizations sending at least one woman was not ideal 
for most standard models (fraction of two right-skewed discrete distributions). To check the 
robustness of the binary approach, I also provide results of a fractional logit model with the 
dependent variable ������ �� �����, being the fraction of female vs. all experts affiliated 
with organization �, and with the same independent and control variables as in the model in 
(1). 

Table 1. Model variables, unit of observation: organization 

Dependent WOMEN Binary, one if the organization is represented by and 
female expert, otherwise zero 

Independent SIZE Log-transformed total number of employees 

 INDUSTRY Dummy for the primary, secondary, and tertiary sector 
(models 1-3), or 17 industries (see table 2; models 4, 5) 

 REGION Dummy for East Germany, West Germany or Berlin 
Control INVOLVEMENT Number of experts that are (in total) active in 

standardization committees and affiliated with the 
organization 

 
Open data on the activity of individuals in standard-setting organizations are mostly 
unavailable. I was, however, able to use a dataset on organizations’ activities in technical 
committees which was provided by the German NSB (DIN) and contains information from 
2016 to 2018 on: 

a) the affiliation of seats in technical committees with organizations (companies, 
associations, public institutions, etc.) and 

b) a list of standardization experts representing each organization, including gender (m/f) 
and academic title 

After removing duplicates, consolidating entries where, e.g., different departments of the 
same organization were registered, dropping organizations that were not active in any 
committees, as well as individuals without affiliation (private participants) and 
standardization organizations themselves, 14,376 organizations remained. 
All organizations were assigned to industries following the WZ 2008 classification10. Certain 
classes were grouped to avoid sparsity, which reduced their number from 21 to 17. The 
number of employees per organization was provided in 8,590 cases. This information was 

                                                
10 https://www.destatis.de/DE/Methoden/Klassifikationen/Gueter-
Wirtschaftsklassifikationen/Downloads/klassifikation-wz-2008-englisch.html 

67



 

 

most often missing for public organizations (87.0% missing), organizations active in science 
& education (75.1% missing), and associations (73.5%). The fraction of missing data in other 
industries lay between 20.0% (metal production) and 36.1% (energy, water, oil). In 11,129 
cases, geographical data were available in the form of zip-codes (German organizations only), 
which were mapped to the German federal states and the area of the former GDR and West 
Germany. 
An investigation of cases with missing data could not confirm any other missing data bias 
than that of industry-related availability of employee counts. Results from subsequent 
analyses are unless stated otherwise, based on all cases where both data on the number of 
employees and geographical location was available (n=8,134 organizations located in 
Germany). 

In total, 28,715 individual experts were affiliated with these organizations. Information on 
gender (“female” or “male”) was available in almost all cases; in some cases, I inferred it 
from the first name. A minority of 3,106 (10.5%) experts were female, the rest (89.5%) male. 
The organizations held 316,569 seats in committees in various standard-setting organizations, 
including German DIN and DKE, European CEN and CENELEC, ISO and IEC, as well as 
other associated bodies such as ASD-STAN (aerospace) or ECISS (iron and steel). While the 
list of seats at DIN and DKE can be assumed to give a near-complete picture, the sample is 
incomplete for organizations such as CEN or ISO, as it only includes German delegates and is 
missing those from other countries. For each seat, the dataset included the respective function 
in the committee and the affiliation with an organization. Affiliation on an individual level 
was not provided, which made a direct statistic of gender/function or gender/SSO analogous 
to figure 1 unavailable. The link between gender- and seat-data can, however, be established 
under the assumption that the number of seats given to women (������ out of all available 
������) by an organization that sends �� female and �� male experts to committees are 
distributed hypergeometrically, so that 

� ������ � ������
��

�� � ��
 (2) 

I decided against integrating �����  into the regression models in order to avoid increasing the 
number of model assumptions and creating a false impression of measurement accuracy. 
Sample statistics are nonetheless reported. 

5 Empirical results 
Table 2 shows the percentage of organizations sending women by sample demographics size 
(number of employees), sector, industry, and region (east/west).  

Most organizations were located in the urban regions around the industrial centers of the west 
(figures A1a, A1b). In comparison, female participation was generally more pronounced in 
the east and high in the city-states of the west (figure A1c). Most organizations were located 
in the states of North Rhine-Westphalia (27.0%), Baden-Wurttemberg (17.7%), and Bavaria 
(15.2%). By far fewer organizations were located in Mecklenburg-Vorpommern (0.7%), 
Saarland (0.7%) and Bremen (1.0%). In total, 8.0% of all organizations had their headquarters 
in the east of Germany (former GDR, not counting East Berlin), most of them in Saxony 
(3.3%). Female participation was strongest in Saxony-Anhalt (20.0% experts female) and 
Berlin (18.3%), while it lay around 9% in the most-represented western states (NRW: 8.9%, 
Baden-Wurttemberg: 9.1%, Bavaria: 8.7%). 
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Table 2. Sample statistics�

  organizations organizations 
sending 
women total  

sending 
women total 

% n % n 
Industry   Sector 

Cert., Test. Labs 42.0 317 Primary 14.3 888 
Public 39.0 136 Secondary 15.2 4,246 
Food 35.5 62 Tertiary 19.4 3,180 
Associations 32.6 221 Region 
Science, Educ. 31.1 325 Berlin 31.4 388 
Chem., Pharma. 24.2 541 East Germany 20.7 666 
Energy, Water, Oil 21.9 269 West Germany 15.6 7,260 
Logistics, Mobility 21.6 125 Size (Employees) 
Automotive Eng. 20.7 309 Micro (<10) 10.9 1,364 
Medical Eng. 19.6 560 Small (<50) 12.8 1,718 
Clothing, Textiles 18.9 334 Medium (<250) 14.7 2,345 
Service 11.4 1,827 Large (<1000) 18.3 1,605 
Mechanical Eng. 11.2 1,326 Larger (1000+) 30.2 1,282 
Metal Prod. 11.0 619 
Electrical Eng. 10.8 753 M SD 
Trade 10.5 229 Employees 2,648.6 21,771.1 
Construction 7.5 361 Experts 3.5 8.5 

TOTAL 16.7 8,134       
 
The sample included organizations from a range of micro (less than ten employees, often one 
employee) to large corporations with more than 100,000 employees, e.g., active in automotive 
or electrical engineering. The group sizes of micro, small, medium, large, and “larger” 
organizations in table 2 show that no size was under-represented and that the share of 
organizations sending women grew with organization size (correlation log(employees) and 
women: rs = .15, p < .001). 

Organizations were on average represented by M = 3.5 experts (SD = 8.5), ranging from 1 
(33.9% of all organizations) to a maximum of 472. Of all 2,819 organizations with only one 
representative, 6.9% were represented by a woman, while this number rose to 48.3% for 
organizations with at least 5 experts. Organizations that were represented by at least one 
woman (n=1,392) were on average represented by more experts (M = 8.6; SD = 19.3) than 
those only represented by men (M = 2.4; SD = 2.2), t(8,312) = 25.9, p < .01, see figure A2. 

Some (n=5,996) of the experts in the sample stated their academic or job title (e.g., B.Sc., 
Dipl.-Ing., Meister, Prof., etc.). A manual assignment to the four education-levels “Professor,” 
“Ph.D.”, “Master’s degree,” “other/lower” showed that significantly more women (60% vs. 
41% men) had a Ph.D. and significantly more men held a master’s degree or equivalent (48% 
vs. 30% women; most common: “Diplom Ingenieur”), see figure 2. However, in 79.1% cases, 
data was missing, which could either mean that individuals had no degree, or that they did not 
state their degree. 
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Figure 2. Academic titles of men and women in standardization. n=5,996 experts, rest (22,719; 79.1%) 

did not state titles. Differences at Master (and equiv.) and Ph.D. levels sig. (X²-tests, p<.01). 

The 8,314 organizations sent delegates to 7,155 committees11.  Of those, 6,572 were hosted at 
the standard-setting organizations DIN, DKE, CEN, CENELEC, ISO, IEC and as joint 
committees between ISO/IEC and CEN/CENELEC. The estimation of the number of seats 
given to women in each committee according to (2) showed that the organizations specialized 
in electrotechnical standard-setting (DKE, CENELEC, IEC) were more likely to host 
committees with a low female percentage (figure 3). The international organizations ISO and 
CEN, with a broader spectrum of standard-setting topics, were more likely to host committees 
with a higher share of seats estimated to be taken by women. The percentage of committees 
where no participating organization from the sample was represented by any woman was 
highest at IEC (47.7%, n=1,353) and CENELEC (44.7%, n=347). The other SSOs had lower 
shares: DIN (11.0%, n=681), DKE (9.2%, n=195), CEN (3.1%, n=1,811), CEN-CENELEC 
(2.2%, n=46), ISO (1.1%, 2,104), ISO-IEC (0%, n=35). Note that the sample of CEN-
CENELEC and ISO-IEC was small and that the estimation solely relied on German seat-data 
and, therefore, only represents the share of seats given to German organizations (active at 
DIN). 

 

Figure 3. Mean estimated shares of seats taken by female German delegates (vs. male German 
delegates) in committees at SSOs. N=6,572 committees. 

                                                
11 Aggregated to technical committee + working group level, in case of DIN: Normenausschüsse (NA) + 
sublevel (“Fachbereiche” etc.); including mirror-committees. 
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5.1 Regression analysis  

Table 3 reports the average marginal effects of size, sector or industry and region on a) 
whether organizations are represented by women (logit regression, models 1-4), and b) the 
fraction of female experts (vs. male experts) representing an organization (fractional logit 
regression, model 5). The nested models 1-3 are used to test the effects of including 
horizontal (sectoral) and regional differences. Likelihood-ratio tests confirmed that including 
sector, region, and industry improved model fit.  

 
Figure 4. Regression results (model 4) - average marginal effects of organization size, industries, and 

regions on organizations‘ probability to be represented by women; baselines: Services, West. 

The coefficients estimated for models 1-4 indicate that size, sector/industry, and geographical 
region are factors that are significantly associated with the representation of organizations by 
women in standardization. Model 5 further confirms this for the extent of female 
representation measured on a continuous scale. The number of experts affiliated with an 
organization, representing the extent of involvement in standardization, is significantly 
positive in all models: the more experts an organization sends, the more likely it is that there 
is a woman among them. This relationship is non-linear and particularly dependent on the 
industry, as figure A3 shows for the example of food and electrical engineering. At around 20 
to 30 experts, the average probability of at least one delegated woman nears 100%. 
Even controlling for the number of delegated experts, the size of organizations is significantly 
(p < .01) positively associated with the delegation of women. However, the marginal effect 
(even for the log-transformed number of employees), is on average, much smaller than that of 
industry and region. A difference in one unit of size (e.g., moving from 10 to 100 employees) 
increases the probability of at least one female representative by about 0.7% ± 0.4 (95% CI) 
on average, growing linearly with the log. Belonging to the food industry, versus belonging to 
the service industry (which is most frequent in the sample) raises the probability by 21.1% (± 
11.2) on average. Other industries with significantly positive average marginal effects (p-
values < .01) are certification, testing laboratories (such as e.g. TÜV, +17.2% ± 5.3); 
associations (+12.1% ± 5.9); chemical, pharmaceutical (+6.7% ± 3.7); clothing, textiles 
(+6.6% ± 4.5); and science & education (+5.5% ± 4.3). Negative effects are estimated for the 
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„male-dominated“ industries electrical engineering (-6.6% ± 2.5), construction (-5.7% ± 3.3), 
mechanical engineering (-5.2% ± 2.4) and metal production (-3.9% ± 2.9). Combined (model 
3), organizations in the tertiary sector had an average of 6.4% (± 2.4) higher probability of 
being represented by women than those in the primary sector. The difference for the 
secondary sector was, on average, not significant on a .95 confidence level. Geographical 
location also played an important role. Organizations in the former East German states (model 
4) had an average +4.5% (± 2.9) higher probability of delegating women, surpassed by Berlin 
(+8.7% ± 3.9). 

Table 3. Regression results�

Models   logistic regression fract. 
logistic 

                                (1) (2) (3) (4) (5) 

    average marginal effects 
Experts .028*** .028*** .028*** .027*** .000** 
                                (.001) (.001) (.001) (.001) (.000) 
log(Employees) .005** .007*** .007*** .007*** .003** 
                                (.002) (.002) (.002) (.002) (.001) 
Sector Secondary .015 .016   
baseline Primary                                 (.011) (.011)   

Tertiary .071*** .064***   
                                (.012) (.012)   
Region Berlin .099*** .087*** .044*** 
baseline West                                 (.021) (.020) (.013) 

East .054*** .045** .029** 
                                (.015) (.015) (.010) 

Industry Associations .121*** .077*** 
baseline Service                                 (.030) (.019) 

Automotive Eng. -.017 -.017 
                                (.019) (.011) 
Chem., Pharma. .067*** .050*** 
                                (.019) (.014) 
Clothing, Textiles .066** .051** 
                                (.023) (.018) 
Construction -.057*** -.037*** 
                                (.017) (.011) 
Electrical Eng. -.066*** -.036*** 
                                (.013) (.008) 
Energy, Water, Oil -.009 .000 
                                (.021) (.014) 
Food .211*** .180*** 
                                (.057) (.048) 
Logistics, Mobility .006 .023 
                                (.031) (.023) 
Mechanical Eng. -.052*** -.036*** 
                                (.012) (.007) 
Medical Eng. .028 .011 
                                (.017) (.011) 
Metal Production -.039** -.025** 
                                (.015) (.009) 
Public .066 .062** 
                                (.035) (.022) 
Cert., Testing Labs. .172*** .120*** 
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                                (.027) (.019) 
Science, Education .055* .041** 
                                (.022) (.015) 
Trade -.025 -.014 

                                (.023) (.016) 
Const   -2.744*** -3.195*** -3.267*** -2.952*** -2.782*** 

(0.081) (0.138) (0.139) (0.099) (0.104) 
Observations                    8314 8314 8314 8314 8314 
Pseudo R² .159 .167 .172 .200 .047 
AIC                             6322 6270 6233 6053 4515 
Average marginal effects in logistic and fractional logistic regression models. Robust standard errors 
in parentheses. * p<.05, ** p<.01, *** p<.001 
 

5.2 Discussion and future research 

The regression results confirm the hypotheses H1 and H2, and the impressions created by the 
sample statistics. Organization size is a significant, albeit smaller factor than expected. The 
German east-west gap is significant, even when controlling for differences in industry-
composition. Female representation differs significantly between most industries, putting 
especially engineering and construction at a disadvantage, irrespective of average 
organization size or their extent of involvement in standardization. This is consistent with the 
estimated lower fractions of seats given to women in electrical engineering committees (DKE, 
IEC, CENELEC, figure 3).  
On average, women in the sample were better educated than men. A cautious interpretation 
(considering the high amount of missing data and its ambiguous interpretation) could be that 
women face a higher „entry-barrier“ than men, meaning that they have to have a higher 
education to reach the same position. Another simple explanation could be that industries that 
are more related to scientific activities (like certification, testing laboratories, chemical, and 
pharmaceutical industry) sent a higher percentage of women to standardization than, e.g., 
construction or mechanical engineering. In such industries, a master’s degree (or „Dipl.-Ing.“) 
might be more prevalent.  
These results underline that women are indeed descriptively under-represented in 
standardization and show that general factors related to industry, size, and region (east/west) 
can be seen as at least one part of an explanation. This is in line with the idea that 
standardization is at the end of a “leaky pipeline,” where the standardizing organizations 
might be facing the problem of simply not having enough available female staff to send to 
committees. 
The results do however do not give any indication on whether low female participation is only 
determined by filters that affect career entry and advancements on career ladders in industry 
and science, or if the number of women reaching standardization committees is further 
(positively or negatively) influenced by properties of the standardization system itself. Further 
research should, therefore, investigate if the gender gap in standardization can be sufficiently 
explained by a “leaky pipeline” effect, what other external effects could play a role, and if 
there are additional effects inherent to standardization. This could include controlling for 
“pre-standardization filters” with suitable variables, such as industry-region specific statistics 
on women in positions relevant for standardization (CEO, R&D/QM departments, etc.). 

The definition of “representation” in this paper is purely descriptive: it measures the 
percentage of female delegates of standard-developing organizations. It does not consider 
how this does or does not lead to the representation of female interests through 
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standardization. Further research could therefore aim at creating a more “integrated model” of 
the gender gap in standardization (Schwindt-Bayer & Mishler, 2005), as descriptive 
representation is not necessarily equal to substantive representation. While theoretically, 
completely male teams could sufficiently represent female interests, it appears evident that the 
representation would benefit from the participation of women. In fact, as Childs and Krook 
(2008) show, political representation is only achieved at a certain critical mass, and a whole 
team’s general openness towards diversity has an impact on its performance (Lauring & 
Villesèche, 2019). Another object of research in this context could be how work is split up 
among participants in the standardization system. Blind and Drechsler (2017) discuss 
managers, engineers, generalists, specialists, and developers as a possible taxonomy of 
participant roles. An analysis of such different roles and their relationship to gender would 
further help to gain a deeper understanding of female participation.  

6 Conclusion 
While gender equality can be considered an essential aspect of the legitimacy of standards and 
the standardization-system, the under-representation of women in standardization remains an 
under-researched topic. This is undoubtedly due to an unavailability of data, but arguably also 
due to an inclination to locate the problem not in the standardization system itself, but in the 
under-representation of women in standardizing industries in general. In a first approach to 
the topic, this paper examines the properties of German organizations that are, or are not, 
represented by women in standardization. The results show that women are indeed under-
represented in standardization and that the degree of representation is significantly associated 
with industry, organization size, and geographical region. This leads to the conclusion that 
female under-representation in standardization can indeed, at least in part, be attributed to 
female under-representation in organizations that participate in standard-development.  

Future research could further focus on whether the standardization-system acts as an 
additional filter that in- or decreases female participation. A more detailed analysis should 
investigate if certain roles in the system are associated with gender. More information on 
subjective perceptions of female representation in standardization should be gathered in 
interviews and surveys. Most importantly, there is a strong need for additional evidence from 
other countries and organizations. Standard-setting organizations could contribute to this 
research by providing more data.  
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(c) 

Figure A2. Affiliated experts per organization, (a) by mean log of the number of employees / 95% CI 
(b) vs. representation by at least one woman, (c) histograms of organizations with/without women; 

n=8,134 

 

 

Figure A3. Regression results (model 4) –conditional probability of at least one woman in team by 
team size, electrical engineering (dark) vs. food industry (light).
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Abstract: The paper deals with the problem of new digital technologies (artificial 
intelligence, big data and IoT) and their perceived effects on economy and society. 
It also discusses the potential role of standards in public acceptance of these 
technologies. Standards can act as tools that increase trust and reputation of new 
technologies. We analysed data from Eurobarometer 87.1. survey and examined 
socio-economic characteristics that could affect the attitudes to new technology 
and the effectiveness of using tools that improve trust and reputation. Firstly, we 
look at answers to questions dealing with the examined issue. Majority of 
respondents believe that using tools that increase trust such as standards will 
encourage them to use new digital technology. Standards can play a role in 
improving access to information reducing fears as well as potential negative 
consequences of digital technologies. Next, we perform ordered logit a logit 
regression analysis. Our results suggest that gender, age, occupation and other 
specific characteristics are related to attitudes to recent digital technologies. We 
find that tools such as standards and rating systems are especially effective in 
increasing trust in digital technologies for men, better-educated people, self-
employed people and those with a higher life satisfaction. 

Keywords: attitudes to digital technologies, trust, standards, new technology, artificial intelligence.  

JEL Classification: O33, O31, L15. 

1 Introduction 
Digital technologies are spreading rapidly across the world, not only contributing to 
productivity, efficiency, economic growth but also to socio-economic development because 
they improve access to key services for individuals such as health, education, and banking. 
Moreover, digital technologies can be seen as important tools that will help to achieve the 
United Nations' sustainable development goals (OECD, 2017). The usage of new technologies 
is sometimes limited by IT infrastructure, safety or users' skills and education. However, in 
general, we can say that wide acceptance of a digital technology in public is crucial for its 
diffusion. Recent digital technologies such as artificial intelligence, big data or Internet of 
Things (IoT) bring enormous opportunities to improve the economy and well-being of people. 
However, there are also several threats related to almost all of them - security issues as well as 
economic, social and health-related problems. The misuses of personal data, potential loss of 
jobs due to new digital technology, negative effect on health or a decrease of face-to-face 
social interaction can be mentioned as some of these problems. 

Many people have a fear of everything new that can significantly change the way they are 
living or working. They often do not trust new technologies in general for various reasons.  In 
this case, standards could play an important role in the process of new technology adoption as 
well as in expanding the scope of their use (e.g. Blind, 2016, Hawkins et al, 2017). Standards 
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can act as pathways to increase trust and reputation of new technology as we will show in the 
literature review. It is also likely that they can also support innovation in general (Swann and 
Lambert 2017, Blind, 2009).  

Our research is focused on examining the attitudes to recent digital technology and the role of 
standards in increasing trust in such technologies. The paper aims to identify determinants 
affecting attitudes towards new digital technologies, access to personal data and the role of 
standards as one of the tools that can increase trust in such technologies. In the next section, 
we go through empirical and theoretical literature and discuss the potential effect of standards 
on perception and adoption of new digital technologies. 

2 Background 
The use and application of digital technology is crucial for the modern nation, as it penetrates 
all aspects of modern society, from agriculture to education, health and industry. It is 
therefore essential that there is an adequate policy for the adoption of these digital 
technologies, in which standards can help us. Digital technology standards help governments 
support innovation, efficient procurement and reduce regulatory burdens. They also provide 
substantial support in terms of increasing trade, efficiency and reducing operational risk. 
Standards are developed through formal frameworks such as ISO or CEN or informal ones 
such as consortia, focusing and developing on best practices (Bhattacharya, 2010). 

Kelton et al. (2007), Frinch et al. (2001) claim that trust in information is a key issue as digital 
technologies are becoming increasingly ubiquitous in society. However, this trust is examined 
more in the context of security, technical reliability or e-commerce. Several studies so far also 
examine credibility of online information such as for example Castillo et al. (2011), Flanagin 
and Metzger (2000) or Westerman et al. (2014). On the other hand, trust is a particularly 
important concept in information, communication and network technologies, as these 
technologies are designed to facilitate transactions and exchanges between people (Nickel, 
2013, Taddeo, M., 2010). 

Confidence in digital technology has also been investigated by Jabeen et al. (2018) and 
Ozawa et al. (2013), who deduce that if one has confidence in digital technology, it can 
increase their quality of life. This aspect of trust was analyzed in the context of the 
digitization of health care, which directly affects the quality of life of the individual. The 
credibility of these technologies was measured based on the Trust and Reputation System 
(TRS). In eHealth, it is possible to explore access control options, address privacy and 
security of healthcare systems, evaluate data in electronic health records and calculate the 
credibility of an entity, based on the individual's confidence in the system. The credibility of 
technologies used in digital health care in the eyes of the public is important. Thus, it is also 
crucial to examine these trust issues and public attitudes to such technologies. Jabeen et al. 
(2013) sought to address this deficiency, based on a trust-related taxonomy, a reference model 
to measure performance and characteristics of TRS and future research areas related to trust. 

With ethical considerations in the field of artificial intelligence and autonomous systems, 
IEEE intends to ensure, through its program, that each technologist is sufficiently educated, 
trained and empowered to give priority to ethical views in designing or developing 
autonomous and intelligent systems. The first output of IEEE is Ethically Balanced Design 
(EAD, 2016), covering general principles, values embedded in autonomous intelligent 
systems, ways of guiding ethical design and design, the safety and benefits of artificial 
intelligence and artificial superintelligence, personal data and individual access control, 
change in autonomous weapons systems, economic and humanitarian issues and the law 
(Bryson et al. 2017). 
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Digital transformation is driven by many new technologies. Among others, these include the 
IoT, big data, robotics and AI. The rapid growth in digitalisation has gone hand in hand with 
the proliferation of standards and diverse technical communities. According to the 
Commission, there are already more than 600 standards in the IoT area (Zachariadis, 2019). 
Standards can play a significant role in encouraging the uptake of digital innovations, as well 
as steering the development of new technologies. The EU identifies the standardisation of 
new technologies and domains as essential to the promotion of the digital single market, with 
an emphasis on essential sectoral interoperability and on standards covering diverse areas, 
from health to transport and environment and energy (Zachariadis, 2019). 

In general, standards have been viewed in the majority of more recent studies as supporting 
innovation (Swann and Lambert 2017; Shin et al., 2015; Blind, 2009). This is true because of 
the role that standards play in research activities, technology transfer and the interaction of 
patents and standards. Moreover, standards could be also important for promoting innovation 
in public procurement or indeed any other procurement process (Blind, 2009). They also act 
as signals of quality. For example, ISO 9000 certification is a signal of such in a world of 
asymmetric information (Hudson and Orviska, 2013). 
Standards can help to build trust and increase effectiveness of the system in areas relevant to 
individuals, such as safety and security. Several standards explicitly address trust in robotics 
and AI (Table 1). 

Table 1 Sleceted standards for digital technologies  and robotics 

Standard Aim 

8611- Robots and Robotic Devices: Guide to 
the Ethical Design and Application of Robots 
and Robotic Systems 

set of 20 distinct ethical hazards and risks, 
grouped under four categories: societal, 
application, commercial/financial, and 
environmental. Advice on measures to 
mitigate the impact of each risk is given, 
along with suggestions on how such 
measures might be verified or validated. 

P7000—Model Process for Addressing Ethical 
Concerns During System Design 
(standards.ieee.org/develop/project/7000.html) 

value-based system design methodology; 

P7001—Transparency of Autonomous Systems 
(standards.ieee.org/develop/project/7001.html) 

based on the radical proposition that it 
should always be possible to find out why 
an AS made a particular decision. 

P7002—Data Privacy Process 
(standards.ieee.org/develop/project/7002.html) 

create one overall methodological 
approach that specifies practices to 
manage privacy issues. 

P7003—Algorithmic Bias Considerations 
(standards.ieee.org/develop/project/7003.html) 

specify methodologies to ensure that 
negative bias in algorithms is addressed 
and eliminated. 

Source: Authors based on Bryson (2017). 

Standards can improve communication between economic agents. Moreover, they can also 
codify and convey the information to adopters of new technology, processes and practices 
(Hawkins et al, 2017). Information and communication function of standards is very 
important. Better knowledge about new technology seems to be an important factor positively 
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influencing its acceptance by the public (for example Connor and Siegrist, 2010; Domènech 
and Saurí, 2010). More information about this technology could reduce uncertainty and 
concerns. Furthermore, as reported by Wang et al. (2016), standardization not only supports 
innovation but also significantly positively affects the mass customization of products and 
services.   

3 Methodology and Data 
As we mentioned, there is a rather limited number of studies dealing with the factors affecting 
peoples’ attitudes to digital technology and digitalisation in general. Our research aims to 
identify factors affecting attitudes towards new digital technologies, access to personal data, 
and the role of standards as one of the tools that can increase trust in such technologies. To 
achieve this aim, we provide analysis based on the available data. Based on the data on people 
attitudes on digitalisation and digital technology in EU countries we identify potential factors 
affecting their attitudes. These data are derived from Eurobarometer 87.1 (European 
Commission, 2017) questionnaire survey relating to March 2017. The survey was conducted 
on individual respondents from all EU member states. The sample consists of approximately 
1000 respondents for each EU country, 27, 901 respondents in total. However, the sample in 
our analysis was restricted by missing or ambiguous answers to the examined questions. This 
survey was requested by the European Commission and conducted by TNS Political and 
Social (Directorate-General for Communication Networks, Content and Technology. It has 
been conducted during the period from 18th March to 27th March 2017.  Respondents were 
interviewed face-to-face at home and in their native language.  
We used logistic (logit) regression and ordered logit regression analysis to identify potential 
factors related to respondents’ attitudes towards recent digital technologies, access to their 
healthcare data as well as to use of tools that can improve trust and reputation such as 
standards. All dependent variables used in the regressions are described in more detail in 
Table 2.  

Table 2 Description of dependent variables used in regressions 

Variable name Question Coding of answers 

Effect of digital 
tech. on economy 

“The most recent digital technologies, such as 
artificial intelligence, the Internet of Things, 
big data and mobile access to services, are 
more and more present in daily life. They 

offer new products and services like 
automated driving, online access to medical 
services, connected homes.” “In your view, 

what impact do the most recent digital 
technologies currently have on: a) economy 

b) society c) your quality of life?” 

4 if “a very positive 
impact” 

3 if “a fairly 

positive impact” 

2 if “a fairly 

negative impact” 

1 if  “a very negative 
impact” 

Effect of digital 
tech. on society 

Effect of digital 
tech. on life 

Do not want to give 
access to personal 

health data 

“Would you be ready to give access to your 
personal health and wellbeing data (medical 

and care data, lifestyle, physical activity 
etc.)?” 

1 if the answer is 
“Not under any 
circumstances”, 

otherwise 0 

Would like to have 
online access to 
health records 

“Would you like to have online access to your 
medical or health records (health data, 

prescriptions and medical records about you) 
allowing you to consult them at any time 

1 if yes, otherwise 0 
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wherever you are?” 

Tools that improve 
trust help 

Would more widespread use of tools that 
improve trust and reputation (e.g. rating 

systems and certified standards) encourage 
you or not to make more use of the most 

recent digital technologies? 

4 if “definitely yes” 

3 if “probably yes” 

2 if “probably not” 

1 if “definitely not” 

Source: Authors based on data from Eurobarometer 87.1. 

 
The analysis is focused on attitudes towards the effect of recent digital technologies on 
economy, society and quality of everyday life. We want to compare the attitudes towards 
these three main areas and find potential differences in factors affecting these attitudes on the 
individual level.  Moreover, the analysis looks more in detail on issues related to the e-health 
as one of the new yet relatively widespread digital services. Questions are dealing with 
respondents' willingness to provide personal health records and their demand for online access 
to such data. Finally, we also examine respondents' views on tools that can improve the trust 
or reputation of digital technologies.  Such tools include also standards which are mentioned 
in the Eurobarometer questionnaire as “certified standards”. This should probably mean the 
adoption of new standards and/or certification to standards. We again identify factors 
potentially affecting their attitudes to these tools. These factors are expressed by independent 
variables used in the regressions which are summarised and described in Table 3. The 
explanatory variables include those which either theory or the literature suggest have an 
impact on attitudes to new technology. Firstly, the list of variables includes basic socio-
economic characteristics such as gender, age, marital status and education. We also take into 
account type of the residence, several types of occupation, life satisfaction and prosperity. 
Difficulties with paying bills have been used as proxy for prosperity. All of these variables 
represent potential factors affecting attitudes to digital technology. Furthermore, ownership of 
smartphones or tablets as well as the frequency of internet and social network usage can also 
be important factors determining respondents overall view on digital technologies. 

Table 3 Description of independent variables used in regressions  

Variable name Description of variables and their coding  

Male The gender of the respondent: 1 if Male = 1, 0 if Female 

Age The exact age, in years, of the respondent 

Married 1 if married, otherwise 0 

Have children 1 if having at least one child, otherwise 0 

Live in village Coded 1 if the respondent lives in a rural area or village, 
otherwise 0 

Education Age at which the individual finished full-time education 

Having a smartphone or 
tablet 

1 if the respondent has a smartphone or tables, otherwise 0 

Use the Internet every day 1 if the respondent is using the Internet every day or almost 
every day, if using less frequently 0 

Use social networks every 1 if the respondent is using the Social network every day or 
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day almost every day, if using less frequently 0 

Political interest Political interest index calculated based on the reported 
frequency of discussion about European or regional political 

matters?” Strong political interest coded as 3, average interest 
coded as 2 and low political interest coded as 1. 

Difficulties paying bills Difficulties to pay bills at the end of the month during the last 
twelve months. 

Coded 3 if problems “most of the time”, coded 2 if problems 
from “time to time”, coded 1 if problems “almost never”. 

Life satisfaction 4 if very satisfied, 3 fairly satisfied, 2 not very satisfied, 1 not 
at all satisfied with the life respondent leads. 

UK 1 if living in the UK, otherwise 0 

Slovakia 1 if living in Slovakia, otherwise 0 

Respondents current occupation: 

Professional 1 if employed professional, otherwise 0 

Manager 1 if manager, otherwise 0 

Skilled manual work 1 if skilled manual worker, otherwise 0 

Unskilled manual work 1 if unskilled manual worker, otherwise 0 

Farmer 1 if farmer, otherwise 0 

Self-employed 1 if self-employed, otherwise 0 

Unemployed 1 if unemployed, otherwise 0 
 Source: Authors based on data from Eurobarometer 87.1. 

 
Firstly, we examine and compare the answers to the key questions and provide some 
interpretations of these results. Secondly, we also conduct logit regression analysis to examine 
the potential factor affecting respondents' attitudes towards recent digital technologies and to 
the potential role of tools that can increase trust in these technologies. The analysis was done 
using the econometrics package program STATA. The data relating to the individual 
responses were downloaded in STATA readable form. These could then be immediately 
analysed. The appropriate regressions were done restricting the sample to individuals with a 
full set of responses.  

4 Results 
Digital technologies currently represent an essential part of our life and therefore their effects 
can be seen in many different areas. This analysis focuses more on the potential effect of 
relatively recent digital technologies such as artificial intelligence, the Internet of Things, big 
data and mobile access to services. Respondents from the EU countries and the United 
Kingdom have been asked to express their views on potential effects of such technologies on 
economy, society and quality of their lives. As shown in Figure 1 the most positive effect is 
on average expected on the economy. On the other hand, the impacts on society and quality of 
life are assessed slightly less positively. The differences between average responses from UK 
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and EU27 are only small. The effect on society is perceived a little bit more positively in the 
UK compared to the average of EU27 countries. 

 

 
Figure 1 Attitudes towards the most recent digital technologies, such as artificial intelligence, the 

Internet of Things, big data and mobile access to services 

Source: Authors based on data from Eurobarometer 87.1. 

We also compared the shares of each answer on the question related to the effect of recent 
digital technologies on the economy.  More than 75% of respondents assume that the effect of 
recent digital technologies such as artificial intelligence, the IoT or big data on the economy 
will be very positive or fairly positive. Only slightly more than 11% of them see this impact 
as negative or fairly negative.   
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Figure 2 The impact of recent digital technology on the economy (% of answers) 

Source: Authors based on data from Eurobarometer 87.1. 

Next, we also look more specifically on attitudes to e-health as one of the digital services 
which is currently started to be frequently adopted in many developed countries. Majority of 
respondents, in general, would like to have online access to their medical and health records. 
More than 57% of respondents would like to have the opportunity to consult their data 
anywhere.   
(Figure 3). 

 
Figure 3 Respondent’ view on online access to their medical and health records 

Source: Authors based on data from Eurobarometer 87.1. 
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As we mentioned in the literature review standards can be theoretically seen as one of the 
possible tools that can increase trust in new digital technologies. This has been to some extent 
supported by the results of the Eurobarometer survey. As shown in Figure 4 in general 
respondents tend to agree that the tools such as rating systems or “certified standards” 
encourage them to use recent digital technology. 54% of respondents definitely or probably 
agree with this statement. 

 
Figure 4 Answers on the question “Would more widespread use of tools that improve trust and 

reputation (e.g. rating systems and “certified standards”) encourage you to make more use of the most 
recent digital technologies?” 

Source: Authors based on data from Eurobarometer 87.1. 

On the other hand, more than 23% of respondents are probably or definitely against the 
statement. Hence, it is likely that standards can be effectively used as one of the tools that 
increase trust and reputation and encourage people to use digital technologies. 
The final question that we examine in this part of the analysis is to focus on actors that can 
take effective actions to address the impacts of the most recent digital technologies. 
Respondents mostly reported that national public authorities and companies are the two most 
important actors that can take appropriate actions. The role of the EU and its institution seems 
to be slightly less important according to respondents' view. The results for the UK are to 
some extent different from the average of EU countries. Respondents from the UK tend to 
believe more that companies are best placed to take actions concerning new digital 
technologies. The EU is also less frequently mentioned in the UK. The survey was conducted 
in the year 2017, approximately one year after the Brexit referendum.  
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Figure 5 Answers on the question „In your opinion, which of the following actors is best placed to take 

effective actions to address the impacts of these most recent digital technologies? “ 

Source: Authors based on data from Eurobarometer 87.1. 

In the next part of the analysis, we conduct an ordered logit regression analysis. Firstly, we 
focused attention on socio-economic and other factors correlated with certain respondents' 
attitudes towards the potential effect of recent digital technologies on economy, society and 
quality of life. The results including coefficients and z-statistics for each independent variable 
are shown in Table 4. In the first column, the dependent variable captures attitudes towards 
the effect of recent digital technology on the economy. In the next two columns, we show 
results relating to perceived effects on society and the quality of the respondent's' life. Here, 
we would like to point out only perhaps the most interesting results. With respect to gender, 
males are much more favourable to new digital technology and its effects in all mentioned 
areas. The negative view on recent digital technology, in general, appears to increase with the 
age of respondents. Similarly, a negative attitude is more frequent for respondents having at 
least one child.  

Table 4 The results of regression analysis focused on the factor affecting the attitudes towards the 
recent digital technology 

 Effect of digital tech. 
on economy (positive) 

Coef. 

(z-stat.) 

Effect of digital tech. 
on society (positive) 

Coef. 

(z-stat.) 

Effect of digital tech. 
on life (positive) 

Coef. 

(z-stat.) 

Male 0.178*** 
(6.58) 

0.114*** 
(4.26) 

0.181*** 
(6.54) 

Age -0.003*** 
(-2.67) 

-0.002* 
(-1.83) 

-0.005*** 
(-4.45) 

0
.1

.2
.3

.4
.5

EU 27 UK

Companies (mean) National public authorities (mean)
The EU (mean) Other (mean)
None (mean) Don't know
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Married 0.014 
(0.49) 

0.031 
(1.09) 

-0.013 
(-0.43) 

Have children -0.618** 
(-2.03) 

-0.063*** 
(-2.11) 

-0.078*** 
(-2.51) 

Live in village 0.011 
(0.37) 

-0.043 
(-1.49) 

-0.107*** 
(-3.55) 

Professional 0.397*** 
(3.21) 

0.202 
(1.54) 

0.105 
(0.83) 

Manager 0.105** 
(2.55) 

0.003 
(0.06) 

0.089** 
(2.09) 

Skilled 
Worker 

-0.108** 
(-2.21) 

-0.035 
(-0.75) 

-0.081* 
(-1.67) 

Unskilled worker 0.009 
(0.11) 

0.071 
(0.88) 

0.036 
(0.44) 

Farmer -0.014 
(-0.07) 

0.002 
(0.01) 

-0.126 
(-0.63) 

Self employed -0.004 
(-0.01) 

-0.011 
(-0.17) 

0.005 
(0.08) 

Unemployed -0.153*** 
(-2.67) 

0.0372 
(0.67) 

-0.045 
(-0.76) 

Have smartphone or tablet 0.225*** 
(5.76) 

0.223*** 
(5.93) 

0.290*** 
(7.20) 

Use Internet every day 0.322*** 
(7.84) 

0.262*** 
(6.71) 

0.451*** 
(10.94) 

Use social networks every 
day 

0.235*** 
(6.79) 

0.271*** 
(8.00) 

0.338*** 
(9.77) 

Political interest 0.250*** 
(12.02) 

0.169*** 
(8.09) 

0.171*** 
(7.85) 

Difficulties paying bills -0.0725*** 
(-4.47) 

-0.047*** 
(-3.07) 

-0.034*** 
(-2.11) 

Life satisfaction 0.292*** 
(12.56) 

0.268*** 
(11.65) 

0.288*** 
(11.84) 

Log pseudolokelihood 23041.0 -25071.9 -22561.1 
Wald X2 1886.2 1882.6 2193.4 

Pseudo R2 0.041 0.037 0.048 
Number of observations 24116 23387 22317 

Source: Authors based on data from Eurobarometer 87.1. 

Note: Regressions are estimated by ordered logit estimator. Standard errors corrected for heteroscedasticity. 
***/**/* denotes significance at the 1%/5% level of significance. Country dummies included (EU countries). 
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We are particularly concerned as to how attitudes vary with the occupation.  On one hand, 
when focusing on perceived effects on society and quality of life, there are only rather small 
differences among occupations. Only managers seem to be more positive with respect to the 
effect of digital technologies on the quality of their lives. On the other hand, the potential 
effect on the economy is perceived as negative by the skilled worker and unemployed people, 
but professional and managers mostly have the opposite view on this problem. Positive 
attitude to recent digital technology increases also with individual prosperity, political 
interest, life satisfaction and frequency of internet and social network usage.  
In the next set of regressions, we firstly examine factors potentially affecting respondents’ 
willingness to provide access to their health data and their view on online access to such data. 
The results are shown in the first two columns in Table 5. In this case, we used logit 
regression and therefore we also provided marginal effects for each dependent variable. 
Gender seems not to play an important role in this case, but age and education appear to be 
significant factors. Interestingly, older people tend to be more ready to provide personal 
health data even though they will less often use access to this data. The opposite situation is 
found for education and internet usage. More educated respondents and those using the 
Internet every day are less willing to provide their digital personal health and medical data. 
On the contrary, they mostly would like to have access to this kind of data to consult them at 
any time and place. These results seem to conflict first sight. However, educated people, those 
using the Internet and perhaps also younger people are likely more aware and concerned 
about issues related to data security and personal data misuse. Hence, although they are more 
prepared to use their digital health records they are also more cautious. There are also 
substantial differences between countries. Regarding the country characteristics, respondents 
from Slovakia have the least favourable view of providing access to personal medical data.   
We also look in more detail on respondents’ attitudes to tools that can improve trust such as 
so called “certified standards”. Results are shown in the last column in Table 5.  As stated 
before, standards could support the adoption and widespread use of new technologies. This 
can be due to their significant information function. Hence, standards can play a role in 
reducing unfounded fears in public. Moreover, information security standards and other 
standards could also reduce the negative impacts that can be actually harmful. Standards 
together with other tools such as rating systems may help give people confidence and increase 
their trust in new digital technologies.   

Table 5 The results of regression analysis focused on the factor affecting the attitudes towards the e-
health and tolls that can improve trust such as “certified standards” 

 Do not want to 
give access to 

personal health 
data 

Coef. 

(z-stat.) 

dy/dx 

(marginal 
effects) 

Would like 
to have 
online 

access to 
health 
records 

dy/dx 

(marginal 
effects) 

Tools that 
improve 
trust will 

help 

Coef. 

(z-stat.) 
Male 0.019 

(0.61) 

0.0032 -0.007 

(-0.26) 

-0.002 

 

0.192*** 

(7.49) 

Age 0.005*** 

(3.81) 

0.0007 -0.014*** 

(-12.36) 

-0.003 -0.020*** 

(-20.66) 

Log (Education) -0.734*** -0.1189 1.341*** 0.326 1.214*** 
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(-7.14) (14.64) (15.28) 

Unemployed 0.056 

(0.90) 

0.0092 -0.019 

(-0.31) 

-0.005 -0.026 

(-0.52) 

Self employed -0.050 

(-0.75) 

-0.0081 0.233*** 

(3.78) 

0.056 0.101*** 

(2.08) 

Married -0.048 

(-1.39) 

-0.0078 0.120*** 

(3.76) 

0.029 0.119*** 

(4.19) 

Having children -0.029 

(-0.79) 

-0.0047 0.100*** 

(2.93) 

0.024 0.014 

(0.49) 

Village 0.126 

(0.36) 

0.0020 0.031 

(0.96) 

0.008 -0.062*** 

(-2.21) 

Internet use 
everyday 

-0.521*** 

(-12.86) 

-0.0881 1.123*** 

(29.37) 

0.272 

 

1.260*** 

(35.19) 

Difficulties Paying 
bills 

0.033* 

(1.81) 

0.0053 -0.063*** 

(-3.35) 

-0.015 -0.022 

(-1.38) 

Life satisfaction 0.125*** 

(-4.99) 

-0.0202 0.156*** 

(6.54) 

0.038 0.220*** 

(10.03) 

UK 0.549*** 

(3.18) 

0.1029 -0.209 

(-1.41) 

-0.052 -0.170*** 

(-4.38) 

Slovakia 1.634*** 

(15.51) 

0.3583*** 

 

-0.759*** 

(-8.03) 

-0.187 -0.917*** 

(-10.95) 

Log 
pseudolikelihood 

-12521.12  -13842.1  -266614.29 

Wald Chi2 1931.6  4206.9  5349.6 

Pseudo R2 0.083  0.161  0.103 

Number of 
observations 

25264  24135  22140 

Source: Authors based on data from Eurobarometer 87.1. 

Note: Regressions are estimated by ordered logit estimator. Standard errors corrected for heteroscedasticity. 
***/**/* denotes significance at the 1%/5% level of significance. Country dummies included (EU countries except 

one). 

Men are more likely to agree with the claim that tools that can improve trust such as standards 
or rating system will encourage them to use new digital technology. Support of such tools also 
increases with the level of education, internet usage and life satisfaction of respondents but 
seems to be not related to their prosperity. Self-employed tend to also believe that these tools 
are effective in decreasing their doubts about digital technology. On the other hand, older 
people are significantly less positive and generally believe less that such tools can help them 
to accept or trust new digital technology. The same is true for those living in villages or rural 
areas. 
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There are of course some limitations to our approach. Firstly, the endogeneity and unobserved 
heterogeneity may affect the results and therefore we interpret the results more as correlations 
than causalities. Secondly, the selection of control variables has been significantly limited by 
the availability of data. It could be also useful to control for several other variables such as 
previous experience with standards, previous problems with digital technologies or general 
degree of respondents' anxiety. Furthermore, despite considerable size and quality of our 
sample there are several limits especially respect to lack of representativeness for each EU 
country. Hence, we are not able to directly compare results among countries without any bias.  

5 Conclusion 
The analysis has shown that respondents from the EU tend to have a relatively positive view 
on the effect of recent digital technologies on the economy. Approximately 75% of 
respondents believe that the effect of recent digital technologies on the economy will be very 
positive or at least fairly positive. These technologies include especially artificial intelligence, 
big data and Internet of Things. They are slightly less positive about the effects of digital 
technologies on society and the quality of their lives.  Hence, the potential economic benefits 
of digitalisation and digital technology seem to be more important or visible for people. 
However, the consequences on society and everyday life can be to some extent mixed. There 
are several potential challenges connected to the adoption of new digital technologies. These 
challenges are sometimes common for all new digital technologies but some of them are 
specific for each new technology.   

As we mentioned standards could help to reduce some of these problems.  This can be done 
via information and communication function as well as quality signalling function. Standards 
can also support better interoperability and security.  Majority of respondents stated that using 
tools such as standards or ratting systems can encourage them to use new digital technology.  
They also believe that national public authorities and companies are two subjects best placed 
to take effective actions to address the impacts of these most recent digital technologies.  

Based on conducted regression analysis we also found socio-economic and other factor 
potential affecting respondents’ attitudes. We found that men are in general more favourable 
to new digital technology rather than women. The negative view on recent digital technology 
is related to the higher age of the respondent and lower prosperity of individuals. On the other 
hand, respondents using the Internet or Social networks every day are significantly more 
positive. There are also significant differences in occupations and countries. Professionals and 
managers appear to be positive to the impact of digital technologies on the economy. On the 
contrary, skilled manual workers mostly see this effect as negative. We can speculate that this 
can be due to a higher risk of losing their job due to new technologies.   
We also found that older people are more willing to provide personal health data although 
they will not use them so frequently. The opposite situation is found for educated people and 
those using the Internet every day. This may be due to a higher awareness of educated and 
young people about issues related to data security.   
Finally, we identify socio-economic factors related to respondents' attitude to the 
effectiveness of tools such as standards and rating systems. Men more often stated that these 
tools will encourage them to use new digital technology. Using these tools may be also 
beneficial for people with a higher level of education and life satisfaction.  On the other hand, 
we found no significant effect of individual prosperity in this case. Older people, in general, 
believe less that such tools can help them to accept new digital technology. A similar situation 
was also found for those using the internet less frequently and those living in rural areas or 
villages. 
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Abstract: Emerging innovations, based on integration of cyber-physical space 
(artificial intelligence, robotics, the internet of things etc.), are expected to improve 
business productivity and quality of life. In the meantime,, the diffusion of such 
innovations involve risks and uncertainties regarding safety aspects. Generally, these 
risks are managed by governments by means of regulations. Yet, it increasingly falls 
short on responding to those new technologies due to the rapid and dynamic progress. 
Those circumstances pose challenges on creating a market because emerging 
innovations are disruptive, often do not come under the existing product categories 
nor corresponding regulations. Thus, this study will answer how standards, one type 
of regulatory institutions, can impact on market creation of a new product based on 
emerging technologies, overcoming existing regulatory safety. To address the 
research question, examined is the case of Cyberdyne, a medical/healthcare robotics 
company in Japan, the main product of which is the world’s first wearable device 
based on enhanced human-machine-information hybrid systems. The company 
contributed to build an international safety standard, ISO 13482 after institutional 
arbitrages on different levels. The case illustrates that standards will be beneficial to 
all involved parties, facilitating market entry and competition, and serving as a 
stepping stone to expand an industrial base under an embryonic phase. It concludes 
with an exploration of policy considerations to set a regulatory mechanism for 
experimentation and enhance firms’ commitment to rulemaking. 

JEL CODE: O33, F23, I18, L15 

Keywords: Regulation, standard, emerging technology, robotics, institutional arbitrage, 
market creation, Japan 

1 Introduction 
Innovations based on integration of cyber-physical space, for example artificial intelligence 
(AI), robotics, and the internet of things (IoT), are taken place and rapidly changing our lives. 
Rapid diffusion of emerging technologies can entail risks and uncertainties from a safety 
aspect and the governmental bodies had been managing such risks by means of regulation. 
Increasingly, it falls short on responding to new technologies, as the rate of change and degree 
of uncertainty augmented. These can pose challenges to government in dealing with 
disruptive innovation because such innovations often do not come under the existing product 
categories nor corresponding regulations.  
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Certainly, regulation has been influencing the innovation process and even shaped the future 
competitiveness of the firm (Porter and van der Linde, 1995 among others); however, few 
literatures refer to the relationship with safety standards and the market expansion. The points 
can be further discussed that how comprehensive is a scope of standards, and how standards 
serve as a dynamic platform on the development process. It also makes the analysis deeper to 
discuss institutional arbitrages from the view point of global market entry/market creation. 
Thus, this study will answer how standards can impact on market creation of a new 
product based on emerging technologies, overcoming existing regulatory barriers on 
safety. 

To address the research question, closely examined is the case of Cyberdyne, a 
medical/healthcare robotics company in Japan, the main product of which is the world’s first 
wearable device based on enhanced human-machine-information hybrid systems. The 
company produced a product, using the technology contributed to build an international safety 
standard, ISO 13482. Finally, the case illustrates that standards will be beneficial to all 
involved parties, facilitating market entry and competition, and serving as a stepping stone to 
expand an industrial base under an embryonic phase, thereby creating a new market. It 
concludes with an exploration of policy considerations to set a regulatory mechanism for 
experimentation and enhance firms’ commitment to rulemaking. 
The paper consists of following sections: an introduction; theoretical reviews concerning 
regulations, standards, and relation between them; a description of the methodology and 
research question; examination of the case of Cyberdyne and ISO1348, followed by 
discussion, policy implications and conclusion. 

2 Theoretical Discussions  

2.1 Emerging technology and challenge to regulatory institutions 
Recently, emerging technologies are considered to have created an innovation paradigm shift 
(Kodama, 2018). Some studies emphasize disruption and radical aspect of innovation 
(Christiansen, 1997), while others emphasize cumulative aspects in the form of 
transformations effected by business models (Kodama, 2018). Both, albeit working from 
different perspectives, identify serving “non-consumers (of emerging innovation)” and 
providing unprecedented products or services as noteworthy outcomes (Christiansen, 1997, 
Kodama, 2018).   
As these innovations are unprecedented, many of them are currently managed under 
potentially, “misfit”, regulations. Many studies agree that the current regulatory institutions 
are failing to accommodate the speed and degree of change generated by new technologies 
(Shapiro and Glicksman, 2002). Several studies posit that regulatory institutions need to be 
more adaptive and flexible (Dietz et al., 2003). Others argue that regulations should keep pace 
with technological adaptation processes through collaboration among firms, institutions and 
users from very early stages of product development (Marchant et al., 2011).  These; 
however, identifies clear entity nor time period for this to take place. 

2.2 Current understandings of relation between regulation and innovation 
Regulatory institutions are said to influence both the “rate” (quantity) and “direction” 
(quality) of innovation. Several types of regulation, applied both horizontally (across sectors) 
and vertically (within specific sectors)—governing trade competition and consumer 
protection—affect both the speed and the direction of commercialization of new products and 
services.  
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There are well established theoretical discussions of the relationship between regulation and 
innovation. Arguments against regulation governing innovation consider that regulation deters 
firms from investing in R&D due to the added cost of compliance with regulations (Eads, 
1980, Milmo, 2000), and heightened perception of risk (Mansfield et al., 1971). In addition, it 
is argued that as a regulatory control eliminated firms that were not capable of investing to 
meet regulations, the innovation “rate” would slow as a result of decreased competition 
(Davis, 1983).  

Other studies hold that regulations aim to intervene in the market, addressing market failure, 
for socially desirable ends, (Nelson, 1959, Arrow 1962) and that well-designed regulations 
would induce firms to adopt social innovations (Rothwell, 1980, 1992), which could support 
the opening of new market opportunities in response to public needs (Ashford and Heaton, 
1983, Gerstenfeld, 1977; Howes, Skea and Whelan, 1997). In fact, well designed goal-
oriented regulation, rather than prescriptive regulation, would leave greater scope for 
innovation aimed at the achievement of societal goals, and would eventually enhance the 
competitiveness of firms (Porter and van der Linde, 1995).  

These points have been echoed in recently revived discussion of the importance of the 
demand-side approach in innovation policy. The goal-oriented regulation considers 
governmental regulatory requirements as an important policy instrument for advancing 
sustainable and societal agenda (Edler and Georghiou, 2007; Nemet, 2009). Such an approach 
assumes that the state has a clear image of desirable ends of the potentials of innovation and 
technology in question (Rothwell and Zegveld, 1981). 

The main regulatory areas related to sustainable and societal agenda are health, safety, and the 
environment (Sharp and Pavitt, 1993). In particular, innovations in health sector is regulated 
at a national level to ensure the safety of potential users/consumers (Consoli and Mina, 2009) 
even today; thus innovation in that sector is still greatly influenced by regulation (Nelson and 
Sampat, 2001). These regulations are also often highly path dependent and idiosyncratic 
hence coordination poses a big challenge (Tate, 2001).  

2.3 Function, role and classification of standards 
Standards, one tool of regulatory institutions, are initially used as external points of reference 
in the assessment of the performance, quality, and physical characteristics of products, 
standards  have supported product operation and thus promote the implementation of mass 
production systems (Hawkins et al., 1995, Blind and Gauch, 2009, BERR, 2008). Standards 
have been also useful for reducing information asymmetry between buyers and suppliers, and 
hence reducing transaction costs (Blind and Gauch, 2009).  The presence of reference points 
have offered clear guidance to companies working to catch up and upgrade their production 
capability. The frequent entry of firms would reduce product cost, in turn benefiting the 
consumers (Henson and Jaffee, 2007, Henson and Humphrey 2009, Iizuka, 2009). Standards 
are further applied to the international coordination and governance of disintegrated segments 
of interdependent activities along value chains (Hawkins et al., 2017, Henson and Humphrey, 
2009).  Such changes took place in the 1990s due to globalization, and in that context, the use 
of standards gradually increased, as can be seen from the increase in adoption of ISO 
standards since the 1990s, in terms of both areas of coverage and number of entities obtaining 
certificates (ISO, 2017). 

With the emergence of information technology (IT), standards are said to play a new role: 
serving as a platform for the coordination of firm activities (Blind, 2016, Steinmueller, 2016, 
Hawkins et al., 2017). That platform can support firms’ interactions with customers, buyers 
and sellers beyond traditional sector boundaries, hierarchies and national borders. In sum, the 
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functions of standards have extended from the original emphasis on 1) interfaces and 
compatibility; 2) minimum quality/safety; 3) decreased variety; and 4) production description 
information (Swann 2000:12), to a dynamic platform connecting different segments of 
industrial activity (Steinmueller, 2016).  

Table 1: General effects of standards on the innovation process 

Type of 
standard 

Positive effects Negative effects 

Compatibility/ 
interface 

� Provides network externalities 

� Avoids lock-in of old technologies 

� Increases variety of systems products 

� Makes global value chains more 
efficient 

� Allows monopolistic power 

� Locks in old technologies if 
network externalities are too 
strong 

Minimum 
quality/safety 

� Corrects adverse selection 

� Reduces transaction costs by creating 
trust 

� Prevents negative externalities 

� Generates regulatory 
capture by raising rivals' 
costs 

Harmonization/ 
variety 
reduction 

� Allows economies of scale and reduces 
unit cost 

� Builds critical mass in emerging 
technologies, products and services 

� Reduces choices 

� Generates market 
concentration 

� Makes premature selections  

Information � Provides codified knowledge 

� Reduces transaction costs, information 
asymmetry 

� Enables regulatory capture 

Interoperability
/ Platform 

� Enables collaboration 

� Supports consumer participation  

� Creates dynamic ecosystems for new 
business 

� Leads to platform 
dominance 

� Lacks regulatory control of 
consumer participation 

Source: Based on Blind (2010), Hawkins et al. (2017), Steinmueller (2016) 

Along distinct stages of industrial life cycles, namely, fluid (embryonic), transitional and 
specific stages, standards play different roles (Freeman and Soete, 1997, Utterback and 
Abernathy, 1975, Klepper, 1997, Anderson and Tushman, 1990): first, they create open and 
transparent regulatory platforms to reduce risks related to the use of emerging technologies 
while at the same time ensuring minimum standards; second, they create products and 
improve their quality in open access form so that diverse participants can be included and 
compete; and third, they ensure positive externalities by means of good governance (Edler 
and Georghiou, 2007).  

Standards can be classified into three types: first, de-facto standards whose specifications are 
determined by market competition (e.g. Schilling, 2002, Suarez, 2004); second, de jure 
standards whose specifications are agreed by formal committee based institutions with 
stakeholder participants (e.g. ISO) (Jain 2012; Narayanan and Chen, 2012); and third, 
government-based standards (e.g. Buthe and Mattli, 2011), which are de jure standards 
devised and monitored by government within the nation's borders (Wiegmann et al.,2017). 
The third type is closer to regulation in the traditional sense, while the first and second are 
increasingly being employed in response to globalization of firm activities (Dan, 
forthcoming). Much studies were done on market competition based de-facto standards to 
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understand firm strategy, associating with obtaining the “dominant design” and platforms 
(Gallagher, 2012; den Hartigh et al., 2016) with examples of competing innovations (blue-ray 
vs HD-DVD vs DVD, IBM vs Apple). Similarly, studies on committee based standards are 
also being conducted to understand its impacts on innovation, firms’ strategic decision and 
knowledge diffusion (Manders et al., 2016), however, less attentions have been given to 
regulatory aspects of standards that ensure levels of safety in use of emerging technologies.  

2.4 Increasing roles of standards  in a new era 
As mentioned, standardization process is considered to mediate and catalyse emerging  
innovations, connecting actors beyond national and sectoral boundaries (Featherston et al., 
2016). It has been observed that, with the growing global interdependence of knowledge in 
the form of networks, the value of innovation has shifted from knowledge creation to 
knowledge diffusion (Blind, 2016). In this new context, standards, rather than some national 
regulatory forms, can provide more space for coordinating and facilitating participation by 
multiple stakeholders in voluntary consensus creation (Steinmeuller, 2016) , and international 
standards institutions such as the International Organization for Standardization (ISO) will 
serve as a dynamic interface (Blind, 2010, 2012, Steinmueller, 2016, Tassey, 2017). Under 
the institutions such as ISO, standards’ setting processes can be open and transparent, offering 
a flexible form of technological governance (Borras and Edler, 2014, Wiegmann et al., 2017).  
Additionally, systems level standardization has been widely prevailed. According to ISO 
Survey (2017), the use of ISO management system standards (in terms of number of valid 
certifications) continues to rise; in 2016 it increased by 8% across all industry sectors. The 
scope of management system standards is not a product nor something sector-specific; the 
concept is broader, covering inter-related areas of businesses to facilitate integrated solutions. 
For example, standards for “Sustainable cities and communities” (ISO/TC 268) was set up 
through the participation of more than 50 countries around the world. Similarly, ISO/IEC 
27001 and ISO/IEC 27002, information security management system standards to help 
organizations address security and privacy issues, are now being set up.  In sum, standards are 
increasingly covering issues at the systems level in society (e.g. safety, sustainability, IT 
security) rather at product and technology levels.  The systems approach is considered to be 
important for following reasons: (1) more value is created by systems than by individual 
devices (c.f. “think systems not technologies”) (Aikman, 2017, WEF, 2018); (2) strategic 
importance is attached to achieve a dominant platform (“Winner-takes-all”) (METI, 2016)1.  

2.5 Firm behaviour under misaligned institutions 
In the 1990s in the context of increased internationalization of firm activities, in “Varieties of 
Capitalism", firms engage in distinctive behaviours due to differences between the institutions 
where the firms are embedded, since firm actions are motivated not only by economic 
efficiency, but also by institutional advantage (Hall and Soskice, 2001). In other words, some 
elements of institutional conditions help particular industries to grow because those elements 
reinforce certain actions. Conversely, certain institutional conditions prevent firms from 
growing because they constitute barriers. Following that logic, it is considered that firms 
operating under global competition tend to engage in institutional arbitrage, i.e. they “...may 
shift particular activities to other nations in order to secure the advantages that the 

                                                
1 Based on above thinking, the Japanese Industrial Standardization Act, which was revised in 2018, covers 
management, service and social systems. Those regulatory institutions are expected to adapt to technological 
change via private-public collaboration in the context of international standardization (METI, 2018). �	
�������
����������������	���������� 
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institutional framework of their political economies offer for pursuing those activities” (Hall 
and Soskice, 2001:57). Hall and Soskis claim that such cases of institutional arbitrage are 
more prevalent in countries where societal coordination is a prerequisite for institutional 
change (Witt and Lewin, 2007). Nowadays, firms are operating in an increasingly competitive 
global market characterized by rapid technological change. Variances in speed of change at 
different technological and institutional levels could be grounds for institutional arbitration by 
firms looking overseas for more favourable institutional settings to develop their activities 
employing new technologies. Firms must adapt to that rapidly changing global environment if 
they are to gain market access.  

3 Research Questions, Methodology, and Case Background  

3.1 Research Questions 
The literature review in the previous section reveals the following understandings and gaps. 
While policy space for regulations at a national level had diminished in last decades of 
liberalization, selected areas where “market failure” occurs—namely health, safety and 
environmental areas—are still well regulated by the states (Mina and Consli, 2009). Certainly, 
safety standards, which are one type of regulatory institutions, can influence the innovation 
process of emerging technologies; however, few literatures refer to its relationship and 
balance between regulatory safety and the market expansion. The points can be further 
examined that how expansive is a scope of standards, and how standards serve as a platform 
for the coordination on the development process. It also makes the analysis deepen to discuss 
institutional arbitrages at different dimensions from the view point of global market 
entry/market creation. Based on above, this paper addresses a following question: How will 
standards impact on  market creation of a product based on emerging technology, overcoming 
existing regulatory barriers on safety? 

This paper examines the case of Cyberdyne, a medical/healthcare robotics company in Japan, 
the main product of which is the world’s first wearable device based on enhanced human-
machine-information hybrid systems. It is safe to state that the product represents an emerging 
innovation based on integration of cyber-physical space, and is under the embryonic stage 
(Utterback and Abernathy, 1975, Anderson and Tushman, 1990). The company contributed to 
build an international safety standard, ISO 13482 to overcome regulatory barriers after 
institutional arbitrages on different levels. Among others, it can be stated that Japan’s 
regulatory institutions governing the medical area more rigid and inflexible (Tate, 2001, 
Ikeda, 2016); however, when it comes to the healthcare (non-medical) area, that seems to be 
another story. Against all odds, the firm managed to not only entered  into the markets inside 
and outside Japan, but also contributed to the market creation, in other words, broadened the 
industrial base on the embryonic phase by building an international safety de-jure standard, 
ISO13482 (“Robots and robotic devices -- Safety requirements for personal care robots”). The 
following sections will identify that how expansive is the scope of the overarching standard 
like what is called systems level standards, and how effective was the making process as a 
dynamic platform connecting different segments. We can also observe that, before 
standardization at ISO, the company initially took a survey on domestic and international 
regulatory institutions and then adopted a strategy of institutional arbitrage to overcome above 
regulatory obstacles. 

3.2 Methodology 
This study applies a qualitative case study methodology (Yin, 2009), which is suitable for 
identifying with rich insights from the case of Cyberdyne, standardization process of 
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ISO13482 and the impact on market creation. Several in-depth interviews were conducted 
with related stakeholders representing distinct areas: government, standardization body, 
review administration, certification body, insurance company, hospital/user, related firm, 
academics, think tank, and consulting company (see Appendix 1) during the period June 2015 
to July 2016. The interviews were conducted using a semi-structured interview approach in 
order to allow for open-ended responses. Government policy documents and company reports 
were used to triangulate information obtained from interviews. And the nations stated through 
the qualitative approach are Japan and Germany, the foremost runners suffering from aging 
societies where medical/healthcare services can be highly demanded. 

4 Case Study  

4.1 About Hybrid Assistive Limb (HAL) and Cyberdyne 
This case study depicts the initiative taken by a leading character, Cyberdyne on creating new 
standards on medical /healthcare Robotics to expand market. The company aimed to 
introduce Hybrid Assistive Limb (HAL), the world’s first cyborg-type medical/healthcare 
robot, into the market. HAL is a robot that can supplement, expand or improve on the user’s 
physical capabilities, particularly people who have physical mobility difficulties as a result of 
car accidents, illness or aging. HAL supports and improves the user's physical mobility, 
monitoring the user’s center of gravity to infer intended body movement and direction of 
movement. Sensors attached to the skin pick up bio-potential signals generated in the brain 
immediately after the user attempts muscle movement, and operates motors incorporated in 
the user’s joints. The technology is based on cybernics, a frontier research area whose 
products have no antecedent (Cyberdyne, 2017a). Cybernics is the area where fused are 
Information Technology (IT), cranial nerve science, behavioral science, robotics, system 
integration technology, physiology, psychology, MEMS-Technology, neuroscience, bio-
system theory and so on, focusing on Cybernetics, Mechatronics, and Informatics. Cyberdyne 
Inc. was established in Japan as a university start-up company to introduce HAL to the 
market. The firm grew rapidly2 after its establishment in 2004.3 The current sales destination 
is Japan, extending to overseas markets such as the EU, the US, Saudi Arabia and South-east 
Asia (Cyberdyne, 2019b). The expansion of their market was not smooth due to under 
provision of safety standards in medical /health care Robotics. 

Leading to a detailed discussion of the overview of ISO13482, the following section 
summarizes characteristics of emerging medical/healthcare robots in Japan. Here, medical 
device is defined as “a product, such as an instrument, machine, implant or in vitro reagent 
that is intended for use in the diagnosis, prevention and treatment of diseases or other medical 

                                                
2 This is a spinoff company of the University of Tsukuba, under the direction of Prof. Sankai. The company was 
established in 2004 and was listed on the High-Growth and Emerging Stock Market in 2014. The scale of 
consolidated net sales is about 1.7 billion dollars (exchange rate: 1 US dollar was equivalent to 109 Japanese yen 
as of 10 June 2018)), increasing by 30% within a few years and still growing. By March 2019, 17% of total sales 
are from overseas. 
3 It received the Japan Venture Grand Prize and the Prime Minister's Prize in 2017. 
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conditions.”4.  Assistive device is defined as instrument for personal care for disable or 
otherwise unable to care for themselves in managing bodily functions.5 

4.2 Emergence of medical/healthcare robot sector in Japan 
4.2.1 Ambiguous boundaries of emerging products  
Medical/healthcare robotics is an emerging sector with high growth potential. Due to the 
sector’s embryonic status, its product boundary is not clearly defined and new products can be 
classified under multiple categories such as medical devices and assistive devices (amongst 
many possible categorizations). Such ambiguous product definitions lead to ambiguity in 
legal status when the products are heading for commercialization. However, once a product is 
assigned to a specific category, the regulatory institutions influence the trajectory and the rate 
of innovation (MHRA, 2016). Safety standards, in particular, strongly influence the framing 
of a technology in the early stages of development (Delemarle, 2017). In other words, the 
choice of regulatory institution can influence the developmental pathway of embryonic 
products and technology because regulations can ultimately shape the product. 
4.2.2 Product diversity 

The application of robotics in the field of healthcare is diverse. These robotic technologies 
include home automation, ambient intelligence, ubiquitous network societies, and assistive 
technology (Lau et al., 2009). Figure1 presents the diversity of medical/healthcare robots, 
classified according to two characteristics: mechanical features (low to high tech) and 
intelligence (low to high). Conventional assistive technologies are located low on the 
intelligence scale; such devices can also be AI controlled humanoid-type, seen in the top 
right-hand corner of the figure. The diversity of product type again confirms the view that 
health robotics is still at an early, fluid stage of the industrial life cycle, where dominant 
design is not yet clearly defined and expanding product diversity makes existing regulations 
increasingly irrelevant. 

                                                
4 Medical robot application of ISO are published in 2019. These are: IEC 80601-2- 77:2019, Particular 
requirements for the basic safety and essential performance of robotically assisted surgical equipment; and IEC 
80601-2- 78:2019, Particular requirements for basic safety and essential performance of medical robots for 
rehabilitation, assessment, compensation or alleviation. 
5 ISO defines personal care robot to include: “mobile servant robot, physical assistant robot and person carrier 
robot. These robots typically perform tasks to improve the quality of life of intended users, irrespective of age or 
capability.” (ISO 13482, 2014) 
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Figure1: Diversity of the emerging medical/healthcare/personal care robotics sector 

Source: Lau et al. (2009) 

4.3 Overview of ISO13482 
4.3.1 Development process 

To create a ISO standard of safety requirements for personal care robots, technical committee 
(TC) 184/SC2/WG7, a team consisting of more than 50 nominated experts and observers from 
12 countries, was created under the ISO in 2011. In the process of negotiating the standard, 
Japan took the initiative and proposed measures for risk assessment at a systemic level, 
ranging from the product conceptualization stage to design management and development. 
Japan's proposal had an advantage: Cyberdyne was already developing personal care robotics 
and was experimenting with prototype safety measures at the Robot Safety Center, leading to 
evidences for proof of safety. Japan’s proposal to the ISO was supported by METI, NEDO, 
and Cyberdyne among others. Furthermore, certification of safety standards by Japan Quality 
Assurance Organization (JQA) helped to spearhead negotiation process (Nabeshima, 2016). 
Then, Cyberdyne commercialized HAL with the certification by JQA in as early as 2013 
when safety standards certified by JQA became equivalent to Draft International Standards 
(DIS) of ISO 134826. This is because that they were confident that DIS is going to be 
approved (Government, personal communication, May 11st, 2016). In fact, after the series of 
discussions among stakeholders, ISO adopted Japan's proposal and issued ISO 13482, 

                                                
6 In reality, Cyberdyne did not wait until the publication of ISO13482 to commercialize. The steps for 
establishing International Standards (IS) are as follows: 1) A proposal or the standards is approved by relevant 
subcommittee(SC) or technical committee (TC); 2)Working group (WG) of experts is set up by SC/TC for the 
preparation of draft; 3) WG creates working draft (WD) for internal revision; 4) WD becomes committee draft 
(CD); 5) with positive votes of approval by WG, CD becomes final committee draft (FCD); 6) FCD becomes 
draft International Standards (DIS) after revision on technical contents; 7) DIS is submitted to national bodies for 
voting and comments within the period of 5 months for approval to be the final draft International Standards 
(FDIS); 8) FDIS becomes IS if a two-thirds majority of the members of the TC/SC are in favor and not more 
than one-quarter of the total number of votes negative (ISO, 2007).  It is possible that with a strong technical 
leadership, it is a matter of time for DIS to become ISO. 
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standardization titled, “Robots and robotic devices -- Safety requirements for personal care 
robots,” officially published in February 2014. 
4.3.2 ISO13482 and impact on market creation 

The development of the new standard can guarantee Cyberdyne an early-mover advantage 
and enhance the global recognition of its product brand (Robotics company, personal 
communication, April 18th, 2016). But perhaps the most important advantage of ISO 13482 is 
that it will open up the market for a new generation of robots. The standard is an overarching 
safety standard, the scope of which is not limited to a single device and comprehensively 
covers various types of products, acting like a systems level standard. It also sets clear 
general/minimum safety requirements for health robotics, while leaving ample space for 
exploration towards innovation and avoiding a lock-in effect at the early stage of product 
development (Standardization expert/professor, personal communication, March 23rd, 2016). 
The positive impact is well described by the interview conducted by ISO to the CEO of 
Cyberdyne. According to him, standards for emerging technology are imperative, especially 
“...because the world has not seen anything like these robots before, there is no legislation in 
place to protect users. International standards are therefore crucial for creating and showing 
confidence to users in these products” (ISO, 2014). Before ISO13482 is created, healthcare 
robotic devices have been required to comply with high safety regulations similar to those of 
the medical field, which leads to the entrance barriers to a market. Furthermore,“ISO 13482 is 
not difficult to apply and should be a good standard for many companies to receive 
certification and get started in the domain of personal care robots,” and thus “the standard 
levels the playing field for new companies wishing to enter the emerging industry” (ISO, 
2014). In sum, ISO13482 is one example where standards can pave the way for innovation. 
Standardization is considered beneficial to all involved parties, facilitating market entry and 
competition, and serving as a stepping stone to expansion of the market to global scale 
(Hawkins et al., 2017).  
Also, as stated above, ISO 13482 was established through collaborative efforts involving 
more than 50 nominated experts and observers from 12 countries. That is, the process of 
standardization can bring diverse stakeholders together to work towards one purpose. This 
will be important because frontier technologies (e.g. medical/health robotics) require the 
collaboration of persons with diverse technological backgrounds, so as to make optimum use 
of their potential. For instance, in Japan, medical/healthcare robotics development brought 
together diverse actors: automotive companies (e.g. Toyota, Honda); hospital management 
electronics corporations (e.g. Panasonic), university start-ups (e.g. Cyberdyne), 
telecommunication companies (e.g. NTT Docomo), home construction companies (e.g. Daiwa 
House). In this context, the process of standardization, can provide an open common space 
where a diverse set of stakeholders beyond national and sectoral boundaries can negotiate and 
shape an effective regulatory regime. It may also have a signalling power to the regulatory 
authorities which are slow to change in the time when institutional arbitrages can be 
accelerated. 

4.4 Institutional arbitrages in different dimensions 
Cyberdyne wanted to commercialize HAL with public medical insurance coverage. In order 
to be covered by the public insurance in Japan, it had to comply with a rigorous medical 
safety regulation with clinical trials. These posed to Cyberdyne some challenges, a procedural 
burden of collecting clinical trial data and a long time lag before getting government 
approval. In order to overcome above regulatory obstacles, Cyberdyne adopted the strategy of 
institutional arbitrage in various forms (Hall and Soskice, 2001).   
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4.4.1 Product level institutional arbitrage 

Cyberdyne initially took advantage of the ambiguous nature of Japanese product 
classification. In Japan, HAL could be categorized as a medical device or as an assistive 
device. Each comes under different regulatory institutions. 
In Japan, if a new device is categorized as a medical device, it falls under the jurisdiction of 
the state managed Ministry of Health, Labour and Welfare (MHLW) under the 
Pharmaceutical and Medical Device Act, and thus requires state-managed approval from the 
MHLW, based on a long scientific review at the Pharmaceuticals and Medical Devices 
Agency (PMDA).  PMDA basically assesses the safety of products based on previously 
existing similar medical products, so it is almost impossible for a product like HAL, with no 
precedent product, to obtain a quick approval. On the other hand, if a device is categorized as 
an assistive device, it is not subject to review by any sector-specific regulatory authority. For 
assistive devices, firms usually make use of voluntary standards, such as the Japan Industrial 
Standard (JIS) T 9201 (safety of manually-propelled wheelchairs) and acquire certification by 
a private certification body to guarantee reliable business transactions, public procurement 
and personal purchases (Government, personal communication, May 11st, 2016). And Japan’s 
standardization system is governed under the Japan Industrial Standardization Act (JIS-Act) 
by the Ministry of Economy, Trade and Industry (METI). Due to the relative ease of 
obtaining third-party certification under such voluntary standards, this category can be used 
like a loophole for commercialization of new healthcare devices, which makes companies 
establish a track record in the market (Asahi Research Center, 2016).  

Given the above institutional environment, Cyberdyne first opted to commercialize HAL as 
an assistive device.7 Categorization as an assistive device in Japan usually requires proof of 
safety, certified by a third party on voluntary terms. A typical product must comply with 
generic standards for devices; however, for a product like HAL, there was no precedent 
product that could serve as a reference. Hence, Cyberdyne had to create its own proof of 
safety, to be certified by a third party. This means that Cyberdyne had to collect and analyse 
data, formulate safety standards, and establish testing methods (Weng, Sugahara and 
Hashimoto, 2015). This would be an unprecedented undertaking for a start-up company like 
Cyberdyne. 
In order to accumulate evidences for a proof of safety, Cyberdyne sought the support of the 
Robot Safety Center, a public institution located in the Tsukuba International Strategic Zone 
(Tokku). The center was jointly established by METI and the New Energy and Industrial 
Technology Development Organization (NEDO), Japan’s largest publicly managed 
organization promoting research and development and deployment of new technologies. This 
center facilitated the necessary testing and collected proof of safety data. Eventually, in 
response to a number of such demands, METI and NEDO jointly launched the Project for 
Practical Application of Service Robots and in 2009 established the Robot Safety Center, an 
experimentation laboratory for the verification of safety of new technology, and an 
international robot certification organization. This project was in place until 2013; in February 
2013 HAL was certified by the Japan Quality Assurance Organization (JQA), and could then 
be commercialized as an assistive device. A set of evidence created during this period became 
basis for the evidence presented to establish ISO standards on robotics safety. In fact, the 
certification published by JQA is equivalent to the Draft ISO 13482 (Draft International 
Standard: DIS) that was published in February 2014.   

                                                
7 Here selection of category is by self-declaration (Asahi Research Center, 2016). 

105



 

 

4.4.2 Country level institutional arbitrage 

When Cyberdyne was beginning its effort to get an approval for HAL, there was a little 
chance of obtaining a quick approval from MHLW, because there are no precedent products 
similar to HAL. Practically, Cyberdyne would have to wait until another company (outside or 
large) began commercialization of a similar product in Japan. To overcome that barrier, 
Cyberdyne commercialized HAL as a medical device in Germany, certified to ISO13485 
(Medical devices -- Quality management systems -- Requirements for regulatory purposes), 
which is one of harmonized standards, necessary for declaration of conformity to essential 
principles of EU’s Medical Device Directive (MDD) 8 (93/42/EEC), Directive for In Vitro 
Diagnostic Medical devices (98/79/EC) and Directive for Active Implantable Medical 
Devices (90/385/EEC) by TÜV Rheinland, a private certification body. The clinical trial is 
also required for Germany; however, unlike in Japan, this comes after the approval (Ikeda and 
Iizuka, 2019). It may be safe to demonstrate that Cyberdyne took advantage of differences in 
regulatory systems to commercialize the product quickly. 
Although Japan and Germany have mandatory regulatory frameworks for medical devices, set 
by their governmental bodies, they differ in terms of the culture of management of the 
regulatory environment. It can be said that Japanese regulatory institutions are more 
paternalistic and dependent on state authority, whereas German institutions value the concept 
of self-responsibility of each actor (Hospital/doctor, personal communication, March 22nd, 
2016). Moreover, the system in Germany is more decentralized, and includes numerous 
private certification bodies, which enables a quicker certification process. The number of 
private certification bodies in Germany was about five times that in Japan (German-based 
certification body, personal communication, April 28th, 2016). Such institutional differences 
in certification bodies would certainly restrict the speed with which standardization spread 
among firms. Hence providing support in an innovation-friendly ecosystem would become an 
increasingly important task for the government. 
At the same time, German firms are ready to take on a proactive role in the rulemaking 
process, preparing proof of safety for new medical/healthcare devices. In fact, some large 
global firms have their own regulatory affairs division to formulate global business strategies 
and at times to actively lobby over regulatory issues. On the other hand, in Japan, it is 
believed that there has been a clear separation of roles: the government establishes regulations 
based on prior experience, and firms follow those rules (German-based certification 
organization, personal communication, April 28th, 2016). In Germany, governed by the 
Medical Device Directive (MDD), a new health device like HAL is categorized solely as a 
medical device strictly by its function regardless of its risk levels on safety. The review of 
medical devices is always certified by a notified body (NB), a private institution, hence the 
procedure is codified, open and transparent. As a result, the time required for approval of new 
medical devices in Germany became substantially less than in Japan (PMDA, 2018)9. In 
August 2013, HAL was certified as a medical device by TÜV Rheinland (a private German 
certification body), and was subsequently commercialized in Germany and Europe. 
 

                                                
8 The MDD published by the EC shows manufacturers the “essential requirements” and/or “performance levels” 
and “Harmonized Standards” to which the products must conform. The MDD is transposed into the German 
Medical Devices Act, called the Medizinproduktegesetz (MPG�“Medical Devices Act”)(Ikeda, 2016) 
9 Approval of medical device in the US requires ���������������	���	����������.  There is no statistic directly 
comparing EU and Japan but generally the time required for obtaining certification in EU is even less than in the 
US. (https://www.pmda.go.jp/files000222042.pdf.) 
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4.4.3 Regulatory institutional arbitrage: Creating ISO 13482 

As already stated before in section 4.3, parallel to getting HAL certified as a medical device 
in Germany, Cyberdyne engaged in the creation of ISO standards for safety of personal care 
robots, including healthcare robots and established ISO13482.  
4.4.4 Getting national approval from PMDM 

In November 2015, HAL was approved as a medical device by MHLW in line with Japanese 
safety regulations. Soon after getting approval from PMDM, Cyberdyne filed application to 
be covered by National Health Insurance. This was granted in September, 2016 (Cyberdyne, 
2016)10. Cyberdyne then began commercialize HAL with public insurance coverage in Japan 
(Cyberdyne, 2016).   

Table 2: Process of institutional arbitrage: The case of Cyberdyne's HAL11 

Date of approval Arbitrage between 
Chosen / Avoided 

Place/ 
certified 

body 

Approve
d as/for 

Market in 

Type of 
regulatory 
institutions 

used 
February 2013* Assistive device Medical 

device 
Japan 
Quality 

Assurance 
Organizati
on (JQA), 

Japan 

Assistive 
device, in 

Japan 

Committee-
based standard 

agreed at 
national level  

Same as above Draft 
ISO(13482)** 

(ISO 13482 was 
published in 

February, 2014) 

Gov't based 
regulation  

Same as 
above 

Same as 
above 

Committee-
based standard 

agreed at 
international 

level  
August2013 Germany 

ISO13485 
harmonized to 
EU’s Medical 

Device Directive 
(MDD) 

(93/42/EEC) etc. 
***. 

Japan 
Pharmaceutic
al and Medical 

Device Act 

TÜV, 
Germany 

Medical 
device, in 
Germany 
and EU 

Gov't based 
regulation/stand

ard agreed at 
Germany and 

EU  

November 2015   MHLW, 
Japan 

Medical 
device, in 

Japan 

Gov't based 
regulation 
agreed at 

national level 
Source: Authors, based on Ikeda (2016) 

                                                
10 Different from medical devices, the coverage of National Long-term Care Insurance was not extended to cover 
HAL as assistive devices. The discussion of extending National Long-term Care Insurance to Robotics for 
assistive purposes only recently started in order to lessen the burden of care takers and scarcity in numbers 
(Cyberdyne, 2019). 
11 Note:  
*The version certified by JQA became equivalent to Draft International Standards (DIS) 13482. 
** ISO 13482 was published in February, 2014.  However, as Cyberdyne did not wait and commercialized with 
DIS.   
***  In addition to MDD, the Directive for in Vitro Diagnostic Medical devices (98/79/EC) and Directive for 
Active Implantable Medical Devices (90/385/EEC). (TUV website 
https://www.tuvsud.com/en/industries/healthcare-and-medical-devices/medical-devices-and-ivd/quality-
management-and-quality-control-for-medical-devices/iso-13485-quality-management-system-for-medical-
devices) accessed Sept. 21, 2019. 
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5 Policy implications  
The previous section reveals that standards can be considered beneficial to all involved 
parties, facilitating market entry and competition, and serving as a stepping stone to 
expansion of the emerging market up to a global scale. It can be maintained that a regulatory 
mechanism like Special Zone (Tokku in Japanese) plays a key role in making rules on 
emerging innovations because it allows actors involved to conduct experimental trials under a 
deregulated environment and then analyse safety requirements useful for the standardization 
process subsequently. Also, considering the role of standards as a dynamic platform and the 
importance of strategically arbitrating various institutional environments to overcome existing 
regulatory barriers, it will be significant to encourage firms’ commitment to rulemaking so 
that they can take initiatives in that process. 

5.1 Set a regulatory mechanism for experimentation  
For emerging technologies, the experimentation phase can be more crucial because the 
products and services using those technologies are unprecedented, and potentially “misfit” 
regulations may be applied. Hence, firms will require institutional facilities that enable them 
to conduct experimentations in the early stages of the industrial cycle and the evidence and 
date gathered there will be useful to think about what kind of regulations and standards well 
fit. Now, we can find state initiatives both domestically and internationally to implement such 
a regulatory mechanism so that they can benefit from creating markets of new innovations. 
In Japan, the  government provides restricted zones for experimentation with new initiatives 
by firms employing new technologies. For instance, the National Strategic Special Zone in the 
Kansai region promotes deregulation of the medical field, in instances such as the effective 
use of iPS cells (induced pluripotent stem cells). Other examples are agricultural reforms in 
Niigata City and Yabu City, deregulation of employment to support business formation in 
Fukuoka City, and deregulation supporting the promotion of international tourism in 
Okinawa. These Special Zones (Tokku) are areas deregulated to support experimentation 
towards new innovation and verification of effects and issues for the establishment of 
appropriate regulatory regimes prior to scaling up. Furthermore, to allow progress beyond 
special zone work, a regulatory sandbox is implemented in Japan to promote and experiment 
with new technology such as fintech (financial technology) and the sharing economy. This 
approach balances innovation and regulations by providing firms with limited-time use of 
“free space” for testing products, services and business models based on emerging 
technology, without conventional regulatory requirements, to enable commercialization while 
government collects the data and experience needed to frame appropriate regulations (FCA, 
2017). Regulatory sandboxes are seen as more flexible than special zones, since they take into 
account the uncertainty of technological transformation.   

Some countries have strategically responded to such needs by providing venues for 
experimentation. For instance, Singapore and the United Arab Emirates are providing 
demonstration test sites for development of flying cars, autonomous vehicles that can take off 
and land vertically. Moreover, Singapore is working to become a prime testing location for 
identifying means by which developed nations can best manage disruptive technologies such 
as advanced robotics and AI. Furthermore, to attract multinational firms working on 
autonomous vehicles, Singapore created one of the most permissive regulatory regimes for 
the testing of driverless cars, even opening up public roads for experimentation.  

Similarly, developing countries are strategically inviting high tech start-up firms and offering 
them a lightly regulated environment to exploit the potential for social impacts generated by 
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emerging technologies. Those firms are attracted by the opportunity to experiment around the 
use of their products, and to accumulate experiences while responding to societal challenges. 
For example, a Silicon Valley start-up, Zipline,12 has been using its drones to deliver life-
saving blood in Rwanda within 30 minutes of receiving emergency calls, using advanced 
logistic services connected to satellite systems. Also, the Japanese start-up drone company 
CLUE, Inc. has collaborated with the Ghana Highways Authority (GHPA) to provide 
inspection services for major infrastructural works in Ghana.  

Looking from a broader standpoint, the above examples confirm that faster, more agile 
regulatory governances are needed to keep pace with rapid technological change by enabling 
experimentation (WEF, 2018, Marchant et al., 2011).  The examples also indicate that the 
important factors of competitiveness are shifting from competitive products to competitive 
regulatory systems that enable effective governance of emerging technologies, speeding up a 
market creation of emerging innovations while ensuring public well-being. With rapid 
changes in technology, to implement a regulatory environment that allows experimentations 
in the early stages of the industrial cycle is getting more critical for both firms and 
governments. 

5.2 Enhance firms’ commitment to rulemaking 
Understanding an impact of standards on market entry/market creation, more firms will need 
to participate in rule-setting processes to ensure their future competitiveness. In addition, as 
seen in the case of Cyberdyne, in order to overcome existing legislative barriers and conduct 
an institutional arbitrage from a global perspective, they should be familiar with regulatory 
institutions including standards. Participation in negotiations for international rulemaking like 
ISO requires a wide range of skills: technical knowledge, negotiation capability, 
communication ability in English and familiarity with regulatory frameworks. Thus, it would 
be useful to support educational programs for firms to help them acquire such skills more 
swiftly. Delivering lectures on standardization targeting university and college students will 
be also effective in the long run.  

It generally takes two to three years to establish a standard and the ISO/IEC meetings are held 
over the globe. Totally committing to the development process would be a burden on firms, 
especially SMEs and start-ups, due to shortages of human resources and finances. Hence, 
financial support for travelling expenses etc. can be useful. It is also effective to attract 
ISO/IEC international conferences to a home country, so that a number of local people 
concerned will more easily attend and take the advantage of the opportunity to lead a 
discussion. 

6 Conclusion  
The case study demonstrates that standards for emerging technology are beneficial to all 
involved parties. The reason is not only they can ensure safety of emerging products to users, 
but level the playing field to following companies, thus creating market of emerging industry. 
In case of ISO 13482, it sets an overarching scope and clear general/minimum safety 
requirements for healthcare robotics, which are not difficult to apply for many companies. 
The safety standard facilitates market entry and competition, while leaving an ample space for 

                                                
12 Zipline is also operating in Ghana from May, 2018. The company was participating the U.S. Department of 
Transportation’s Unmanned Aircraft Systems Integration Pilot Program, out of 149 applicants. (Bright, 2019) 
https://techcrunch.com/2019/04/24/drone-delivery-startup-zipline-launches-uav-medical-program-in-ghana/ 
Accessed June 15, 2019. 
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exploration towards further innovation. Hence, standards can serve as a stepping stone and 
pave the way to expand emerging markets. Regarding a policy governance, a regulatory 
mechanism that allow experimentation of emerging technologies can be said to play a key 
function, and many governmental bodies have engaged in implementing more flexible or 
agile institutional measures. 

Focusing on the development process of standards, they offer a dynamic platform for 
interaction, negotiation and collaboration among a diverse set of stakeholders. With rapid 
integration of cyber-physical space beyond conventional sectoral boundaries, the new role of 
standards is expected to be more crucial in expanding an industrial base on the embryonic 
phase.  
The case also describes that in order to overcome regulatory obstacles, Cyberdyne adopted an 
institutional strategy of arbitraging in various dimensions; definition of product, market 
country and regulatory form. Focusing on the role of standards as a dynamic platform 
described above and the importance of institutional arbitrages, it will be significant to 
encourage firms’ commitment to rulemaking so that they can take initiatives in that process. 

Last but not least, the authors are aware that there are limitations inherent in drawing a 
generic understanding from a single case of Cyberdyne. Further exploration of similar studies 
(of cases such as self-driving vehicle, flying car and artificial intelligence) are needed to 
confirm the observations presented here13.   
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Appendix: List of interviews/personal communications  
 

Questioned items 

• Current status on healthcare/medical robotics and medical device 

• Specific definition of healthcare/medical robotics and medical device 

• Certification schemes and main stakeholders 

• Philosophy and Concept behind the Certification 

• Balancing commercialization of frontier technology and regulatory mechanism 

• Potential policy supports as well as direction of future private and public collaborations 
 

Stakeholders Data when interview was conducted 

Government Person1: February 16, 2016 

Person2: May 11, 2016 

Standardization body March 9, 10, 2016 (lecture) 

Review administration March 15, 2016 

Certification Body April 28, 2016 

Insurance company June 30, 2016 

Robotics company April 18, 2016 

Hospital/User March 22, 2016 

Academia March 23, 2016 

Think tank  
Consulting company 

May 12, 2016 
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Some international standards established by ISO and IEC include 
standard-essential patents (SEPs) held by specific companies. SEPs often have a 
significant impact on business where relevant standards are used because 
utilizing the standards immediately means utilizing the standard SEPs contained 
therein. In this study, data concerning patent declarations submitted to ISO and 
IEC are analyzed. As a result, many submissions of patent declarations were 
made in the late 1990s and 2000s. However, since then, the number has been 
decreasing. So far, nearly 80% of patent declarations have been submitted in 
information technology of JTC1, a joint technical committee established by ISO 
and IEC. Currently, the number of technical committees (TCs) /sub committees 
(SCs) in ISO and IEC for which patent declarations had submitted was limited. 
Still, many international standardization activities in TCs/SCs under ISO and 
IEC have nothing to do with SEPs. However, patent declarations tend to be 
submitted for a broader field of TCs/ SCs in electric and electronic technologies 
of IEC and other technologies of ISO. More companies located in not only 
developed countries but also emerging countries/regions have started to file 
patent declarations in ISO. 

1 Introduction 
It is widely known that some standards include standard-essential patents (SEPs) that protect 
technology essential to them. SEPs often have a significant impact on business where relevant 
standards are used because utilizing the standards directly means use SEPs contained therein.  
However, standards and patents inherently have entirely different characteristics. Standards 
are intended to be positively utilized by anybody in social and economic activities. Patents, on 
the other hand, grant exclusive rights to their holders to use the technology related to the 
inventions or to allow others to use them (Blind & Thumm,2004) (Freilich & Kesan, 2017). 
International standardization has a long history of over 100 years as IEC (International 
Electrotechical Committee) was established in 1906. The first patent policy was set by ANSI 
(American National Standards Institute) in 1974 (Yamada, 1999), Until then, patent had never 
become a big issue in standardization activities of any standards development organizations 
(SDOs). 
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In 1970, Boards of ISO (International Organization for Standardization) and IEC also first 
agreed on a guidance document on reference to patented items in their publications such as 
standards (Institute of Intellectual Property, 1995). After that, various SDOs, including ITU 
(International Telecommunication Union), IEEE-SA (Standards Association), and ETSI 
(European Telecommunications Standardization Institute), have established their patent 
policies.  
The first time that the patents included in the standard became a big issue on business was the 
standardization of the GSM mobile phone communication system in ETSI (Bekkers, 
Verspagen. & Jan Smits,2002) (ETO,2007). SEPs were also filed in standards of MPEG 
(Moving Picture Experts Group), which was digital cording for moving pictures, DVD 
(Digital Versatile Disc), and CDMA (Code Division Multiple Access) for mobile 
communication.  
So far, many studies have been carried such as the response of SDOs to SEPs(e.g., Iversen & 
the STEP-Group, 1999), the relationship with antitrust law (e.g., Teece & Sherry, 2003), 
enhancement of market competition (Kato, 2004), patent pools (Kato, 2009), and essentiality 
of SEPs (e.g., Contreras, 2018). Phlmann et al. proved SEPs boosted financial performance of 
firms that owned them (Phlmann, Neuhausler & Blind, 2015). 

Much of these studies, however, are concentrated in the field of communications or 
information technology. On the other hand, however, little is known about whether SEPs are 
prevalent in all areas of standardization other than telecommunications and information 
technology.  

This paper aims to clarify how many patents include SEPs in standards in all technical fields 
other than telecommunications and information technology. Standardization activities in ISO 
and IEC are chosen for analysis. The significant reason why these organizations are picked up 
is that ISO and IEC cover standardization activities in all technical fields except 
telecommunications. The fact that both organizations are prestigious international 
organizations where national standardization bodies of many countries worldwide actively 
participate, and both institutions have a long history of activities are other reasons. It is 
possible to analyze changes over time for standards containing SEPs. 

ISO, founded in 1947, is one of the representative international SDOs, with members from 
164 national standard bodies worldwide (ISO, 2020a). On the other hand, IEC is also a 
leading international SDO in electric and electronic technologies, with 62 full members of 
national standardization organizations worldwide.  

Both organizations have been implementing international standardization activities very 
positively in their respective technology fields. IEC is responsible for international 
standardization in electrical and electronic technologies. ISO covers a wide range of 
international standardization activities in all areas except those for IEC, and ITU, which 
oversees telecommunications, is responsible. Regarding standardization in the field of 
information technology, Joint Technical Committee 1 (JTC1), which was jointly established 
by ISO and IEC, is in charge. 
Developing, amending, and abolishing specific international standards have been carried out 
by committees established for each particular technical area under their respective 
organizations. In ISO and IEC, these committees are called Technical Committees (TCs) and 
Sub Committees (SCs), which are a responsible further detailed technical area than that of 
TCs. 
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In ISO, there are 249 TCs for each technology field, 504 SCs in the year of 2018 (ISO,2018). 
The number of international standards issued currently by ISO is 22,4671 In 2018, 1,637 
international standards were released. 

In IEC, the total number of TCs and SCs is 204 as of 2018(IEC, 2018). The number of 
international standards issued is 10,771, and 661 international standards were published in 
2018. 

2 Methodology  
When a company recognizes that its patent is covered by an international standard being 
formulated in TC/SC of ISO or IEC, it submits a patent declaration to respective 
organizations voluntarily.  

ISO and IEC publish information on patent declarations they have received so far on their 
website, respectively (ISO, 2020b) (IEC, 2020).  

In this study, using data concerning patent declarations submitted to ISO and IEC, the trends 
of patent declarations, including how many ISO/IEC international standards to which patent 
declarations provided, and the trends of the number of patent declarations filed over time are 
analyzed. Impacts of patent declarations on international standardization activities, are also 
considered. 

3 Patent declarations submitted to ISO and IEC 
According to the data ISO release, The first patent declaration was filed in ISO in 1980 by 
Caterpillar Inc., USA, on ISO7388-1 “Tool shanks with 7/24 taper for automatic tool 
changers — Part 1: Shanks Nos. 40, 45, and 50 — Dimensions — Addendum 1: Conicity 
tolerances", developed by ISO/TC29 "Small tools." In IEC, the first one was submitted in 
1967 by Telefonakttiebokaget L M Ericsson, Sweden, regarding international standardization 
on a cross core in TC51” Magnetic components, ferrite, and magnetic powder materials." 
Until 2006, no general rule regarding patent declaration had been established between ISO, 
IEC, and ITU. But in 2006, these three international standardization organizations agreed to a 
common patent policy on the treatment of patents contained in international standards, and a 
format of patent declarations was established (ISO, 2020b). The basic idea of the policy is 
that standards should not be overly restrictive and must be available to everyone. It also calls 
attention that anyone who participates in international standardization to pay attention to if 
any patents are included in the standard they develop. Furthermore, those who notice their 
patents are involved in an international standard are required to submit a patent declaration to 
ISO or IEC secretariat. In the statement, they should choose one of three options which they 
are prepared to negotiate anyone for (1) free licensing, (2) licensing with fair, 
non-discriminatory and reasonable terms, or (3) other than (1) and (2). When option (3) is 
chosen, it is required that a standard be formulated so as not to include the patent claimed. 
Submitting patent declarations is not mandatory. However, because experts of related 
technology develop a standard, it is likely that if a patent is included in a standard being 
discussed, experts should notice it. Thus, patent declarations must be the most reliable data to 
analyze the relationship between ISO/IEC international standards and patents objectively.  

                                                
1. This figure includes not only international standards but also standards-type documents. 
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According to the data from ISO, the total number of patent declarations to ISO until 2018 is 
3,045. One the other hand, IEC has 876 patent declarations as of 2018.  

Regarding the joint committee of ISO and IEC JTC1, which is responsible for international 
standardization in the field of information technology, patent declarations can be submitted to 
both ISO and IEC. But overwhelmingly, many patent declarations have been sent to ISO 
compared to IEC. The number of patent declarations was submitted to JTC1 until 2018, the 
number of ISO sent was 2,568, while the number of IECs was only 580. In this research, 
patent declarations submitted to ISO related to JTC1's international standardization activities 
are used. 

4 Result of the analysis 

4.1 Trends in filing patent declarations by year 
Figure 1 shows the number of patent declarations annually submitted to ISO and IEC, 
separating standardization activities in the field of information technology of JTC1, electric 
and electronic technologies of IEC, and other technologies of ISO. 
From 1967 to 1991, none or only one or two patent declarations were filed each year, with the 
most significant number being four in 1981. However, the situation had changed dramatically 
since 1992 when 54 patent declarations were submitted. Since then, in many years, more than 
two-digit patent declarations have been filed.  
Notably, in 1998, as many as 694 patent declarations were recorded in one year. The number 
of patent declarations submitted is outstanding this year because as much as 474 patent 
statements have been provided in total from Part 1 to Part 5 of ISO / IEC144986”Information 
Technology -Coding of audio-visual objects, which is commonly called MPEG-4. 
The next most significant number of submissions per year was 381 in 2008. This year, 133 
patent declarations were submitted to from Part1 to Part5 of ISO25239” Friction stir welding” 
developed in IIW (International Welding Conference), an organization that cooperates with 
ISO in international standardization in the field of welding. In other standards, 50 declarations 
were submitted to ISO18000-6”fnformation technology - Radio frequency identification for 
item management - Part 6: Parameters for air interface communications at 860 MHz to 960 
MHz General” in ISO/IEC JTC1 SC6, 44 declarations were submitted to from Part1 to Part4 
of ISO/IEC 14908” Information technology -Control network protocol “in ISO/IEC JTC1 
SC6, and 40 declarations were submitted to from Part1 to Part ISO/IEC11889” Information 
technology - Trusted Platform Module” in ISO/IEC JTC1.  
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Figure 1: Number of patent declarations annually submitted to ISO and IEC 

From these trends, it can be understood that the year in which the number of patent statements 
submitted is high is due to the intensive submission during the development stage of specific 
standards. 

The number of patent declaration submissions has exceeded 100 annually for five consecutive 
years, from 2007 to 2011.  

But, since then the number has remained flat or even been decreasing. In 2018, there were 
only 51 declarations per year, which is less than 10% compared to 1998, which was the 
highest. 
As shown in Figure 2, the number of patent declaration submissions by technology, out of a 
total of 3,335 submissions, those in information technology of JTC1 are 2,562, accounting for 
77% of the total. Electric and electronic technologies of IEC accounts for 291 (9%), and other 
technologies of ISO is 14%. The number of patent declarations filed in information 
technology of JTC1 accounts for most of the year during the entire period, as also shown 
clearly in Figure 1. 
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Figure 2: Ratio of patent declarations submitted to ISO and IEC by technology  

4.2 Patent declarations submitted to TCs/SCs in ISO and IEC  
Next, let us look at the status of submission of patent declarations by TCs and SCs under ISO 
and IEC.  
Table 1 shows the top ten TCs or SCs in ISO and IEC that have developed international 
standards to which many patent declarations have been submitted. The most frequently filed 
patent declaration is ISO/IEC JTC1/SC29, which is developing international standards such as 
coding of images and videos of digital information technology. The number of patent 
declarations submitted to international standards established by JTC1/SC29 is 1,826 that is 
more than 70% of the total number of statements sent to information technology of JTC1 of 
2,568, more than half of the entire patent declarations to ISO and IEC of 3,335. 

Table 1: Frequently submission of patent declarations to TCs/SCs in ISO and IEC. 

TC/SC Title 
Number of 

patent declarations 
submitted 

ISO/IEC JTC1/SC29 Coding of audio, picture, multimedia and 
hypermedia information 1,826 

ISO/IEC JTC1/SC31 Automatic identification and data capture 
techniques 397 

IIW International Institute of Welding 172 
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(Source: ISO, IEC) 
 

The second-largest number of patent declarations have been filed is JTC1/SC31, which is also 
in the information field. However, the number of 397 is only around 20% of that of 
JTC1/SC29.  
Five SCs of information technology under JTC1 are listed in the top ten, including ISO / IEC 
JTC1 / SC27 (security), SC25 (interconnection between information devices), and SC17 (card 
and personal identification). The total number of patent declaration submissions in the five 
JTC1 SCs in Table 1 totals 2,496, accounting for 97% of the complete 2,568 statements for 
the information technology. At present, 22 SCs have been established under JTC1, but the 
actual filing of patent declarations is highly concentrated to the standardization activities of 
these five SCs. 

Besides SCs in information technology, IIW, ISO/TC42 (photo), and TC23/SC19 (electronic 
technology in the agricultural field) are listed in Table1. The total number of submissions to 
these two committees is 245, or about 50% of the total 486 submissions in ISO. This ratio 
means patent declarations tend to be submitted to specific committees in ISO, like JTC1. 

In electric and electronic technologies of IEC, only two SCs, which are IEC/SC65C 
(industrial network) and SC86B (optical fiber connection / passive components), are listed in 
table1. A total of 98 patent declarations have been filed to these two committees, accounting 
for only 34% of electric and electronic technologies of IEC. This relatively small percentage 
suggests that in the case of electric and electronic technologies of IEC, patent declarations are 
submitted to more diversified TCs/SCs, compared to those of JTC1 and ISO.   

4.3 Ratio of TCs/SCs which patent declarations have been filed to entire 
TCs/SCs in ISO and IEC 

In information technology, patent declarations had been submitted to 13 of 22 SCs and JTC1 
itself. In more than half of committees in information technology, patent declarations are 
filed.   

ISO/IEC JTC1/SC27 Information security, cybersecurity, and privacy 
protection 125 

ISO/IEC JTC1/SC25 Interconnection of information technology 
equipment 92 

ISO/TC42 Photography 73 

IEC SC65C Industrial networks 70 

ISO/IEC JTC1/SC17 Cards and security devices for personal 
identification 56 

ISO/TC23/SC19 Agricultural electronics 56 

IEC/SC86B Fibre optic interconnecting devices and passive 
components 28 
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In the case of electric and electronic technologies of IEC, in 47 TCs/SCs, patent declarations 
have been submitted as of 2018. Under IEC, 181 TCs/SCs have been established, excluding 
JTC1 and its SCs. Only one-fourth of TCs/SCs have something to do with patent declarations. 

In other technologies of ISO, patent declarations have been submitted to 58 TCs / SCs, 
including IIW in total. As of 2018, ISO has 249 TCs and 504 SCs, so only 10% of TCs/SCs 
has developed international standards to which patent declarations have been submitted. 
As shown here, in information technology field, a patent declaration has become well-known 
to some extent. However, to the contrary, especially in other technologies of ISO, submitting 
a patent declaration to international standardization is very rare. Most international 
standardization activities in other technologies of ISO have nothing to do with any patents. 

4.4 Ratio of international standards which patent declarations have been filed 
to entire international standards in ISO and IEC  

Table 2 shows frequently submitted patent declarations to specific international standards. 
According to this table, all international standards that are in information technology of JTC1. 
ISO / IEC 14496 series of standards is for compressing and digitizing moving image and 
audio data. The ISO / IEC18000 series is a standard related to a radiofrequency identifier 
(RFID).  

Outside information technology, 36 patent declarations have been submitted to ISO25239-4” 
Friction stir welding — Aluminum — Part 4: Specification and qualification of welding 
procedures”, developed by IIW. 
In electric and electronic technologies of IEC, the most frequent submitted patent declarations 
is IEC 61190-1-3 “Attachment materials for electronic assembly - Part 1-3: Requirements for 
electronic grade solder alloys and fluxed and non-fluxed solid solder for electronic soldering 
applications”, developed by TC91 “Electronics assembly technology," in which 11 patent 
declarations are filed. 

Table 3 shows the average number of patent declaration submissions per standard in each 
technology. In information technology of JTC1, an average of 9.1 patent declarations is filed 
per standard. On the other hand, electric and electronic technologies of IEC, and in other 
technologies of ISO, the average numbers of patent declarations per standard are 1.6 and 3.4, 
respectively.  
These figures suggest that in information technology of JTC1, more variety of patents owned 
by more diversified private companies are brought when an international standard is 
established. The reason for this is interoperability is especially significant in information 
technology, compared to other technology areas. As a result, the technology of many 
companies must be incorporated in the standardization process, and as a result, the patents of 
many companies must be included.  It can also be pointed out that since the information 
technology is closely related to electric, electronics, and communication fields, there is 
generally a high level of consciousness among private companies to put their patents in 
standards. 

On the other hand, in other technologies, international standards seem to be formulated based 
on intellectual property of a fewer number of companies. A significant reason for this is that 
in ISO and IEC, varieties of international standards like safety and performance test methods, 
product shape and size are discussed, and these do not necessarily consider interoperability.  
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Table 2: Frequently submitted patent declarations to specific international standards in ISO and 
IEC. 

International 
standard number Title 

Number of patent 
declarations 
submitted 

ISO/IEC 14496-2 Information technology — Coding of audio-visual 
objects — Part 2: Visual 245 

ISO/IEC 14496-10 Information technology — Coding of audio-visual 
objects — Part 10: Advanced Video Coding 186 

ISO/IEC 14496-3 Information technology — Coding of audio-visual 
objects — Part 3: Audio 161 

ISO/IEC 18000-6 

Information technology — Radio frequency 
identification for item management — Part 6: 
Parameters for air interface communications at 860 
MHz to 960 MHz General 

156 

ISO/IEC 14496-1 Information technology — Coding of audio-visual 
objects — Part 1: Systems 150 

ISO/IEC 14496-5 Information technology — Coding of audio-visual 
objects — Part 5: Reference software 146 

ISO/IEC 14496-6 
Information technology — Coding of audio-visual 
objects — Part 6: Delivery Multimedia Integration 
Framework (DMIF) 

109 

ISO/IEC 18000-3 

Information technology — Radio frequency 
identification for item management — Part 3: 
Parameters for air interface communications at 
13,56 MHz 

70 

ISO/IEC 13818-2 
Information technology — Generic coding of 
moving pictures and associated audio information 
— Part 2: Video 

57 

ISO/IEC 23008-2 
Information technology — High-efficiency coding 
and media delivery in heterogeneous environments 
— Part 2: High-efficiency video coding 

55 

(Source: ISO, IEC) 

Table 3: Average number of patent declarations submitted to international standard in ISO and IEC 

Technology field The average number of patent declarations 
submitted to international standard 

Information Technology (JTC1) 9.1 

Electric and Electronics Technology (IEC) 1.6 

Other technology (ISO) 3.4 

(Source: ISO, IEC) 
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4.5 The ratio of number of international standards which patent declarations 
have been filed to the entire international standards in ISO and IEC 

In information technology of JTC1, the total number of international standards for which 
patent declarations are submitted is 2812. The total number of international standards issued 
by JTC1 is 3,046 as of 2018 (IEC, 2018). These figures mean that patent declarations have 
been submitted to less than 10% of the entire international standards developed by JTC1. 
In electric and electronic technologies of IEC, the total number of standards to which patent 
declarations have been submitted by 2018 is 1943. Since the number of standards issued by 
the IEC is 7,725, excluding those developed by JTC1, patent declarations had been 
submitted.to only 2.5% of the entire international standards in IEC,  
In the case of other technologies of ISO, 144 standards are subject to patent declaration 
submission4. Since the total number of standards issued by ISO excluding those established 
by JTC1 is 19,4215, international standards for which patent declarations have been submitted 
are limited to less than 1% of the whole international standards developed by ISO. 
Based on these analyses, in ISO and IEC, the number of international standards for which 
patent declarations have been submitted are minimal. Even now, most of the international 
standardization activities in ISO and IEC have nothing to do with SEPs. 

The reason for that, as mentioned above, the international standardization activities of ISO 
and IEC have been implemented without considering patents for a long time, so there are not 
many participating companies that have knowledge about SEPs. In such a company, a 
technology-related sections which usually handle standardization activities, may be little 
linked to its intellectual property section. 

4.6 Cumulative number of TCs/SCs patent declarations have submitted for  
Figure 3 shows the cumulative number of TCs/SCs in ISO and IEC for which patent 
declarations have been filed. As for information technology of JTC1, the aggregate number 
has remained almost the same for the recent ten years. 
In contrast, in electric and electronic technologies of IEC, and other technologies of ISO, the 
cumulative number of TCs/SCs for which patent declarations have been submitted has been 
steadily increasing since the beginning of the 2000s.  

                                                
2. The figure does not include patent declarations that failed to claim specific international standards. 
 
3 The figure does not include patent declarations that failed to claim specific international standards. 
 
4. The figure does not include standards developed by JTC1 and patent declarations, which failed to claim 

specific international standards. 
 
5 This figure includes documents in the standard format. 
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Figure 3: Cumulative number of TCs/SCs patent declarations has submitted to 

Although the absolute number of patent declaration submissions has been declining since 
2010 in Figure1, patent declarations are being issued reliably in new technology areas. For 
example, in 2018, patent declarations were submitted for the first time to international 
standardization activities in ISO TC22/SC32 (Electrical and electronic components and 
general system aspects), ISO/TC31 (Tyres, rims, and valves," ISO/TC61/SC6” Ageing, 
chemical, and environmental resistance), ISO/TC83/SC4 (Snowsports equipment), 
ISO/TC249 (Traditional Chinese medicine), IEC/TC47 (Semiconductor devices), and 
IEC/TC116 (Safety of motor-operated electric tools). 

Looking at the years when these TCs/SCs were established, there are three cases since 2000, 
while there are two in the 1980s, and one in the 1940s and 1960s, respectively. There is no 
clear relationship between when the TC/SC was established and the filing of the patent 
declarations.  

On a company basis, a total of eight companies/research institutes have submitted patent 
statements to these TCs/SCs. Of these, four companies/research institutes have previously 
issued patent statements in other TCs/SCs, but the remaining four companies have filed it for 
the first time. Therefore, while companies that have issued patent declarations so far are 
trying to expand similar activities in new technological fields, companies that have never 
issued patent declarations to ISO/IEC are trying to combine patents with standardization at 
the same time. 

4.7 Trends in the number of patent declarations submitted per standard  
Significant changes have also been seen in the number of patent declarations filed per 
standard by year since the 1990s. Figure 4 shows the transition of the number of patent 
declarations submitted per standard each year for information technology of JTC1, electric 
and electronic technologies of IEC, and other technologies of ISO. 

In information technology of JTC1, from the 1990s to the early 2000s, there was a tendency 
for many patent declarations to be submitted per standard. The same trend was also observed 
in other technologies of ISO around 2000. 
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However, since 2010, the number of patent declarations submitted per standard has been 
decreasing both in information technology of JTC1 and other technologies of ISO. 
Regarding electric and electronic technologies of IEC, on the other hand, the number of patent 
declarations per standard has remained in a small quantity over the period. 
These data suggest that the number of SEP holders per standard has recently tended to be 
declining. This tendency is because it may be challenging to set up and operate a licensing 
system such as patent pools successfully if there are so many SEP holders for a standard.      

4.8 Trends in number of countries/regions where private companies 
submitting patent declarations to ISO are located 

Figure 5 shows trends in the number of countries/regions where private companies submitting 
patent declarations in information technology of JTC1 and other technologies in ISO are 
located. 
Until 1989, from only four counties, which were France, the Netherlands, the United 
Kingdom, and the United States, patent declarations had been submitted. But the number of 
countries has increased sharply since the 1990s. This trend has continued, with 24 countries or 
regions providing patent declarations from 2010 to 2018. The countries/regions where private 
companies had filed patent declarations for the first time since 2010 are China, Ireland, 
Denmark, and Taiwan. Thus, submitting patent declarations has been prevailing by private 
companies located in not only developed countries but emerging countries or economies as 
well.  

 
Figure 4: Trends in the number of patent declarations submitted per standard  
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Figure 5: trends in the number of countries/regions where private companies submitting patent 

declarations to ISO are located 

5 Conclusion 
In this study, how many international standards developed by ISO and IEC with SEPs inside 
are analyzed, using patent declarations data provided by these international standard 
organizations. 
As a result, it was found that many submissions of patent declarations were made in the late 
1990s and 2000s. Notably, in 1998, 694 patent declarations were submitted in one year. But 
since then the number has been decreasing. Only 51 declarations were filed in 2018.  

77% of patent declarations were made in information technology of JTC1, out of a total of 
3,335 statements. The electric and electronic technologies of IEC and other technologies of 
ISO accounted for 9% and 14%, respectively.  
In information technology of JTC1, most of the patent declarations were concentrated on 
international standardization activities of a few SCs under JTC1. 97% of patent declarations 
in information technology of JTC1 were filed to only three SCs under JTC1. On the other 
hand, in electric and electronic technologies of IEC and other technologies of JTC1, patent 
declarations were submitted to more diversified TCs/SCs of ISO and IEC. 

It was also clarified that the number of TCs/SCs in ISO and IEC for which patent declarations 
had submitted was limited. It was less than 60% for information technology of JTC1, only 
26% and 10% for electric and electronic technologies of IEC and other technologies of ISO, 
respectively. Even now, many international standardization activities in TCs/SCs under ISO 
and IEC have nothing to do with SEPs. 

But, recently, patent declarations tend to be submitted for a broader range of TCs/ SCs in 
electric and electronic technologies of IEC and other technologies of ISO.  
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Furthermore, it was found that a broader range of companies in not only developed countries 
but also emerging countries/regions have started to file patent declarations in ISO. 
This study suggests that it is crucial to recognize that whether an international standard in ISO 
or IEC include SEPs inside significantly depends on which TCs/SCs and technology it was 
developed. Currently, not so many standards in both ISO and IEC contains SEPs inside. 

But, because more private companies, including those located in emerging countries/regions, 
have started to file patent declarations for a broader range of TCs/SCs, submitting patent 
declarations will be more prevalent in ISO and IEC in the future. So even in TCs/SCs 
activities that were previously unrelated to patent declarations, it is crucial to pay more 
attention to the relationship between international standards and intellectual property. 
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Abstract: This paper presents findings from a survey on the adoption and use of 
Management System (MS) standards in German companies. It explores motives for 
implementation and certification as well as realized impacts, covering not only 
popular standards like ISO 9001 and ISO 14001, but also including various other 
MS standards. It therefore provides for a comprehensive picture of diverse areas. 
The study specifically highlights ISO 50001 for energy management systems which 
has not yet received much attention from empirical research. A main strength of 
the study is the strict – but oftentimes neglected - distinction between mere 
implementation of the respective standard and the accordant certification. In 
addition, a second key focus of this paper is conformity assessment for the MS 
standards, not only by third but also by second parties such as customers, which 
represents a clear research gap. Here, criteria for the selection of certification 
bodies, and also the relevance and knowledge of accreditation are explored.  

1 Introduction 
When the quality management system standard ISO 9001 was first introduced in 1986, its 
huge success internationally was not to be expected, with millions of companies worldwide 
adopting it (Castka & Corbett, 2015). Ever since that, more management system (MS) 
standards have been released covering various areas of management, from environment to 
energy, information security and social responsibility.  
Despite the growing practical relevance, increasing adoption rates, and development of MS 
standards for new areas over the last years, both, practitioners and research, still need to better 
understand the use and impact of such standards. Although there is a large and growing 
number of studies which assess the impact of such standards at different levels and from 
various perspectives (Heras-Saizarbitoria & Boiral, 2013), our understanding is still quite 
limited because these studies are largely disjointed (Castka & Corbett, 2015), many are very 
narrow in scope (e.g., focus only on single MS standards) or have biases (de Vries & El 
Osrouti, 2019).  
Heras-Saizarbitoria and Boiral (2013) as well as de Vries and El Osrouti (2019) identify 
research and knowledge gaps in various areas, specifically concerning the actual motivation 
to adopt MS standards or the benefits and impacts deriving from their implementation. Both 
studies propose an extensive research agenda, outlining the gaps that still need to be 
addressed. One area that has not received much attention in the past is the role of the 
conformity assessment body, e.g. the criteria that companies apply when choosing one for 
their certification. Furthermore, here, the role and knowledge about accreditation have been 
neglected in particular. An inherent weakness in most existing studies about MS standards is 
that they ignore the necessary differentiation between the certification against certain 
standards and their mere implementation (Manders, 2015). However, it is important to 
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thoroughly distinguish these scenarios when assessing impact and motivation. Separating the 
implementation from certification (thus, not considering a certificate as only measure to 
assess adoption of a standard, but instead also considering implementation without 
certification) would help opening the black box of MS standards’ real impact. 
In light of these research gaps and weaknesses of existing studies, this paper highlights 
findings from an online survey of German companies conducted in fall 2019, covering their 
use of various MS standards as well as their assessment of motivation and impact. The survey 
specifically has not only asked for impacts of those standards that the companies were 
certified against but also included their assessment of standards that have been implemented 
without seeking for certification. This allows for a much more comprehensive picture of 
economic and corporate realities concerning the implementation of standards and the 
accordant benefits. It helps us better understand the approaches taken in practice, why they 
have been taken and how these decisions reflect in the benefits that are realized. This way we 
can grasp a better picture of the actual diffusion of certain standards, embracing also those 
implementors that refrain from certification. A major focus of our study lies in the 
certification decision in detail, unveiling the criteria that companies apply when choosing a 
certification body. Specifically, we are interested in the importance of accreditation. Further, 
our survey covers second party audits against certain standards – an option very common in 
practice but usually neglected in studies. 

Though the survey covers a wide range of different MS standards, this paper specifically 
highlights findings for ISO 50001, the MS standard for energy management first published in 
2011, which has not yet received much attention from research (Yuriev & Boiral, 2018). 
This paper therefore contributes to closing some significant research gaps at various levels, 
addressing issues that are usually neglected in MS standards research. Based on a literature 
review on existing studies on MS standards (specifically motives for adoption and their 
impact), results from our own survey among German companies about their use of such 
standards are presented.  

The remainder of this paper is structured as follows. First, essential background information 
about MS standards are presented, covering adoption statistics as well as a brief literature 
review on motivations, benefits and certification, as well as ISO 50001 in particular. After 
this, the methodology is outlined, before results of the survey are presented in Section 4. 
These are then discussed in the last section which concludes by also sketching limitations and 
opportunities for future research. 

2 Background 

2.1 Management System Standards 
A MS is a “system to establish policy and objectives and to achieve those objectives” 
(Bernardo, Casadesus, Karapetrovic, & Heras, 2012). Specifically, a quality MS according to 
ISO 9000:2015 “comprises activities by which an organization identifies its objectives and 
determines the processes and resources required to achieve desired results.” Maier, 
Vadastreanu, Keppler, Eidenmuller, and Maier (2015) define MS “as the ensemble of 
elements with decision, organizational, informational, motivational character, within the 
organization through which all management processes and relations are carried”. In the 
literature, these kinds of standards are oftentimes referred to as meta-standards (Uzumeri, 
1997). In contrast to technical standards this type of standards does not apply to specific 
products but rather to broad processes (Heras�Saizarbitoria & Boiral, 2013). Meanwhile, the 
variety of areas covered by the MS standards ranges from quality management (ISO 9001), to 
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environmental management (ISO 14001), energy management (ISO 50001), and information 
security management (ISO/IEC 27001). In addition, responding to growing demand, also 
sector specific MS standards are developed such as e.g. ISO/TS 16949 (replaced by IATF 
16949 in 2016) with specific requirements for quality management in the automotive industry 
(Boiral, 2011).  

Despite their different foci and requirements, these meta-standards all share similar principles, 
structures, or terminologies (Heras�Saizarbitoria & Boiral, 2013) (referred to as “High-
Level-Structure”) and become increasingly compatible (Jørgensen, Remmen, & Mellado, 
2006). In fact, oftentimes organizations implement not only one but multiple MS standards to 
achieve objectives in different areas, e.g. environmental MS in parallel or consecutively with 
quality MS (Bernardo, Casadesus, Karapetrovic, & Heras, 2009).  Benefits encompass the 
minimization of documentation, reduction of paper work and bureaucracy, and simplification 
of audits (Jørgensen et al., 2006). According to Maier et al. (2015), this strategy allows for a 
more efficient organization activity and, consequently, increased business performance. 
However, integrated MS and the “coupling effect” have not yet been addressed in great detail 
by research (Tuczek, Castka, & Wakolbinger, 2018).  

2.2  Adoption of Management System Standards in Germany  
Ever since the first ISO MS standard, ISO 9001 for quality management systems, was 
introduced in 1987, meta-standards have seen a remarkable success, reflected in growing 
certification numbers worldwide as well as in the development of further MS standards for 
diverse areas (Boiral, 2011). With more than one million certificates issued for ISO 9001 
worldwide in 2017, ISO 9001 remains the most popular MS standard by far, followed by ISO 
14001 for environmental management which has experienced rapid growth since its 
introduction in 1996 (ISO, 2020). The success of MS or meta-standards is found to be closely 
linked to globalization processes, international value chains and thus transnational 
cooperation (Braun, 2019; Heras-Saizarbitoria & Boiral, 2013). In these settings 
internationally accepted standards facilitate communication and exchanges (Boiral, 2001). 
Recently, the MS standards for energy management and information security management 
show increasing adoption rates worldwide, too (ISO, 2020).  

Germany is among the leading adopters of meta-standards in absolute numbers. Figure 1 
shows the number of certificates for different MS standards as reported to the ISO survey 
(ISO, 2020).  
They all show a continuous stable development and annual growth. Though the ISO survey 
data are not comprehensive and do not give the complete number of certifications1, they well 
reflect the general trend to an increased use of such meta-standards. According to the ISO 
survey, Germany ranks second place worldwide for issued 9001:2015 certificates (only after 
China), and 6th place for ISO 14001:2015 and ISO/IEC 27001:2013.2 For ISO 50001 on 
energy management systems, Germany is even the leading country in terms of certifications. 
This paper later sheds some light into the adoption of this standard which has not yet received 
much attention from academia with only two surveys conducted so far (Karcher & Jochem, 
                                                
1 “The ISO Survey counts the number of certificates issued by certification bodies that have been accredited by 
members of the International Accreditation Forum (IAF).” (ISO, 2020) The annual number of valid certificates 
to ISO MS standards worldwide is provided by the accredited certification bodies. Thus, the numbers are not 
complete, neglecting non-accredited certification bodies or non-responders. In addition, these numbers do not 
take into account companies that implement the standard without seeking certification. 
2 However, in relative terms, Heras�Saizarbitoria and Boiral (2013) found that “very competitive economies 
such as Germany and Finland have a relatively low level of certificates, whereas less competitive countries (e.g. 
Italy, Spain, Israel) have a very high level of certificates”.  
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2015; Marimon & Casadesús, 2017; Wulandari, Laskurain, Casadesús, & Heras-Saizarbitoria, 
2015). 

 

Figure 1 Number of issued certificates for selected management system standards in Germany. 
Source: ISO survey (2018). 

2.3 Implementation and Certification 
While the ISO survey only offers numbers of accredited certifications reported from countries 
worldwide, it does not provide a complete picture of the adoption of these standards. The 
statistic does neither comprise certificates issued by non-accredited certification bodies, nor 
does it cover second party audits, which, in fact, enjoy great practical relevance, yet are 
mostly neglected in scientific studies. In addition, MS standards can also be implemented by 
organizations without seeking certification by independent third parties or being audited, but 
still realizing benefits (Heras�Saizarbitoria & Boiral, 2013; Terlaak & King, 2006). 
Moreover, Mirtsch, Blind, and Kinne (2020) find the use of ‘indirect certification’ for ISO 
27001 (information security) by firms which are “‘embedded’ in a network and gain 
reputation and trust by claiming an alliance with a partner who is certified”. 

Practically speaking, in certification an external auditor independently assesses and confirms 
whether the documented procedures of the respective organization are adequate and followed 
in practice, thus the organization meets the requirements as set out in the MS standard (Castka 
& Corbett, 2015; Power & Terziovski, 2007). Yet, also in this certification and auditing 
process, different orientations can be distinguished, namely a more compliance-oriented and a 
more improvement-oriented auditing (Castka & Corbett, 2015; Prajogo, Castka, Yiu, Yeung, 
& Lai, 2016), both of which can lead to different impacts for the audited organization and its 
perceived benefits, as found by Prajogo et al. (2016). These different auditing orientations 
were found to influence the selection of the certification body, e.g. with organizations 
interested in continuous improvements (and not just mere compliance) more likely choose 
reputable certification bodies (Castka, Prajogo, Sohal, & Yeung, 2015). This choice 
significantly affects the certification and its impacts on the respective organization. Previous 
studies found different effects on performance and general satisfaction depending on whether 
the standard is implemented substantially or only symbolically/ceremonial (Castka et al., 
2015). Nevertheless, research has largely neglected the role of certification bodies and the 
questions of why and how organizations chose them. 

Yet, though most studies about the adoption of MS standards usually assume a homogeneous 
adoption – with certification as only criterion for an implementation – the calls to more 
comprehensively embrace the above described heterogeneity in adoption become louder 
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(Castka et al., 2015). Lately, some studies begin to consider these different scenarios (Heras�
Saizarbitoria & Boiral, 2013). 

2.4 Motivation for Adoption and Impacts of MS Standards 
While many studies on MS standards lack theoretical underpinning, others are embedded in 
various theoretical frameworks, ranging from Institutional Theory, to Attitude Theory, 
Stakeholder Theory, and Transaction Cost Theory (Castka & Corbett, 2015; Tuczek et al., 
2018). Tuczek et al. (2018) even identify and scrutinize 34 different theories used in MS 
standards studies to explain their use and adoption.  
Motivations are oftentimes linked to Institutional Theory or Signaling Theory. According to 
the latter, with certification organizations seek to show legitimate behavior. Certificates 
contribute to reduce information asymmetries in value chains (King, Lenox, & Terlaak, 2005) 
– increasingly important in globalized and complex supply networks. Thus, certified 
companies can show compliance to specific requirements and generate competitive 
advantages. MS standards signal certain characteristics to partners which lowers their search 
and monitoring costs (Heras�Saizarbitoria & Boiral, 2013; King et al., 2005). As Terlaak and 
King (2006) show, these beneficial effects are specifically high when the information 
asymmetry between parties is big.  

Castka and Corbett (2015) distinguish economic and institutional motivations, which are 
interconnected. Institutional and Attitude Theory are used to describe the two different 
approaches of either substantial or symbolic implementation (Tuczek et al., 2018). Whereas in 
the former case, adopters really embrace the underlying principles of the respective MS 
standard, in the latter case companies merely seek for a seal of approval to show to external 
stakeholders (also called ceremonial) (Castka & Corbett, 2015). This depth of implementation 
matters when it comes to the benefits that companies realize: External motivations were found 
to fail with respect to realizing internal improvements (Prajogo, Tang, & Lai, 2012) while 
better operational performance is found with higher degrees of internalization (Tuczek et al., 
2018). 

Concerning the realized impacts of adopting MS standards, Transaction Cost Theory helps 
explaining how standards decrease information asymmetries and transaction costs and 
improve supply chain monitoring (King et al., 2005) and operational performance (Prajogo, 
Huo, & Han, 2012). Researchers also link improved operational performance with the 
Resource Based View. Furthermore, Attitude Theory and Organizational Learning Theory are 
used to explain enhanced performance of firms using MS standards, i.a. through learning 
effects leading to better performance after certification. Gains in positive feedback from 
stakeholders when implementing MS standards are explained in studies using the Stakeholder 
Theory (Tuczek et al., 2018).  
With the increasing use of MS standards globally, this topic area has attracted much attention 
in research over the past years (Heras�Saizarbitoria & Boiral, 2013). Especially the MS 
standards for quality and environmental management have been studied extensively. Castka 
and Corbett (2015) provide a comprehensive overview on both, and also Heras�
Saizarbitoria and Boiral (2013) and  Nunhes, Motta, and de Oliveira (2016) summarize 
studies conducted for both standards, the latter including findings also for OHSAS 18001. 
Specifically, scholars address the most popular MS standard ISO 9001, with Manders (2015) 
and Nair (2006) providing dedicated meta-studies. 
Many papers attribute positive impacts such as superior firm performance to the adoption of 
quality management practices and standards (see Nair (2006)). Positive impact from ISO 
9001 has been identified regarding general quality, operational performance, customer 
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satisfaction, health and safety, human resource management, internal relationships, image, 
market access, as well as mostly positive on financial performance (Castka et al., 2015; 
Heras-Saizarbitoria & Boiral, 2013). However, the internal and external benefits that the 
majority of studies on ISO 9001 find (Boiral, 2011) are only assessed based on certification as 
criterion for adoption, neglecting other modes such as mere implementation or second party 
audits. 
For ISO 14001, positive impact on emissions and resources is found, whereas findings 
regarding the impact on financial performance are mixed (Castka & Corbett, 2015). Main 
benefits further comprise less consumption of resources and improved image (Heras�
Saizarbitoria & Boiral, 2013).  
However, findings from studies on MS standards also uncover mixed results (Castka & 
Corbett, 2015). Though rather critical approaches are scarce, some ISO 9001 studies “have 
questioned the standard benefits or stressed the various pitfalls associated with its 
implementation” (Boiral, 2011). 
Studies further identify a significantly positive relationship between the motivational factors 
for adoption and benefits that are gained (Boiral, 2011; Heras�Saizarbitoria & Boiral, 2013). 
The motives to seek certification under ISO 9001 and ISO 14001 are quite similar, and can be 
distinguished between internal and external (Castka & Corbett, 2015; Heras�Saizarbitoria & 
Boiral, 2013). Here, the sector of the adopting company was found to play a role when it 
comes to the motivation, with market access and export potential driving manufacturers, 
whereas external drivers such as customer expectation are found more for service providers 
(Singh, Feng, & Smith, 2006).  

2.5  Energy Management System Standard ISO 50001 
First published in 2011, ISO 50001 for energy management systems has become one of the 
fasted growing ISO MS standards with 21,501 issued certificates in 2017 as tracked by the 
ISO survey (ISO, 2020; Yuriev & Boiral, 2018). Energy management comprises all measures 
and activities meant to optimize an organization’s energy consumption. An energy MS serves 
to systematically implement an energy policy and objectives to increase energy efficiency and  
improve energetic performance (Ates & Durakbasa, 2012; Fiedler & Mircea, 2012). Given 
their high energy consumption, the standard is targeted primarily at industrial and commercial 
sectors but is also beneficial for institutional and governmental facilities (ISO, 2011). 

While there are plenty of studies on the two most popular international MS standards ISO 
9001 and ISO 14001 (Castka & Corbett, 2015), little scholarly attention has been paid to ISO 
50001 yet. Besides some case-study based publications, there are only rare empirical works. 
Examples are a study on the early adoption of ISO 50001 with 57 certified companies from 
Spain in 2014 (Marimon & Casadesús, 2017) and a study from Germany which identifies 
main success factors for the effective implementation, operation and certification (Karcher & 
Jochem, 2015; Karcher & Siemer, 2013). Both find, that companies adopt the standard with 
the main goal of reducing energy costs or improve energy efficiency. In the specific German 
case, companies also aimed at realizing tax reductions and gaining from subsidies provided by 
the government. A further important driver identified in both studies was enhancing employee 
awareness and acceptance regarding energy topics. In fact, respondents in the Spanish survey 
reported energy savings of up to 20% (Wulandari et al., 2015). 

Given the scarce empirical work on ISO 50001 but also other MS standards, our survey 
among German companies has expanded the prevailing limited view and encompasses a 
broad variety of different MS standards. The following section provides more details on the 
scope and methodological approach of the survey and paper. 
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3 Methodology 
This study was conducted within the newly implemented, long-term initiative which aims at 
providing a profound database on aspects of conformity assessment with the help of regular 
surveys among companies and conformity assessment bodies in Germany. The data collected 
through this initiative is meant to serve research as well as policy makers who can build their 
decisions and policies on reliable and up-to-date data. 

The initial survey of this new initiative focused on management system standards, the motives 
for and impacts from their implementation and certification. Further focus was given to 
specific topics related to the certification process and choice of certification bodies. Table 1 
gives an overview on the different MS standards covered in the survey.  

Table 1 Overview of MS standards covered in the survey 

ISO 9001 Quality management systems 
ISO 14001 Environmental management systems 
ISO 50001 Energy management systems 
ISO/IEC 27001 Information security management systems 
ISO 45001 (OHSAS 18001) Occupational Health and Safety Management 
IATF 16949 (ISO/TS 
16949) 

Quality management systems for Automotive Production 

ISO 22000 Food safety management systems 
ISO/IEC 20000 Information Technology service management systems 
ISO 13485 Medical devices - quality management systems 
Based on an extensive literature review on MS standards as well as interviews, we designed a 
survey, covering the following topic areas: 

	 Motives to implement or certify against MS standards 
	 Impact through the implementation or certification of certain MS standards 
	 Special part on ISO/IEC 27001 
	 Conformity Assessment 

o Selection of certification body  
o Relevance and knowledge about accreditation 
o Second party audits 

In an iterative process, the questionnaire was stepwise further improved, building on feedback 
gained from interviews with experts from certification bodies or trainers in the field. To 
finalize the survey, a pretest was conducted with five representative companies of different 
industries. To test for comprehensibility and appropriate length, the “think-aloud” technique 
was used (Collins, 2003).  
In the end, the survey comprised 137 questions, most of them conditional. However, since 
many filter questions applied, no participant had to answer all questions. Whereas some 
questions demanded a yes-or-no-response, others were designed as multiple choice using a 5-
point Likert scale. Table 2 provides an overview on the topic areas and questions of the 
survey, while Table 3 entails selected literature considered to determine the questions and 
items for answers concerning the motives and impacts. 

Table 2 Questionnaire topic areas 

 Topic area and sub section Content 

1 Company information Industry affiliation (NACE) 
Size (employees, sales) 
International scope of activities 
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Innovativeness 
Standardization activity 
Participant’s role in organization 

2 Use or non-use of various 
MS standards  
 

Certification/Implementation/Non-usage of MS standards  
Years of certification 
Reasons for discontinuation of certification 

3 Dedicated section on ISO 
27001 

Motivation for implementation/certification 
Impact of implementation/certification 
General cost/benefit ratio assessment 
Difficulties in implementation/certification 
Opinion on measures to increase adoption rate 
Reasons for Non-implementation 
Indirect certification (service provider) 
Past occurrence of information security incidents 

4 MS standards Motivation for implementation/certification 
Impact of implementation/certification 
General cost/benefit ratio assessment 

5 Selection of certification 
body 

Importance of certain criteria for selection 
Reasons for changing certification bodies 
Use of accredited certification body 
Awareness and benefit of multilateral recognition agreements for 
accreditation 
Employee acceptance of external and internal audits  
Audits by second parties (customers, users) 

6 Impact of certification in 
general 

 

Table 3 Overview of existing studies for meta-standards not yet broadly addressed in research 

standard study Focus and findings of study 

ISO/IEC 
27001 

Mirtsch et al. (2020) webmining-based analysis of adoption shows use of the standard by 
companies but also indirect use through their partners (Germany) 

 AbuSaad, Saeed, 
Alghathbar, and Khan 
(2011) 

motives, obstacles, challenges, and outcomes in implementation of the 
standard (Saudi Arabia) 

 Alshitri and Abanumy 
(2014) 

survey on reasons behind the low adoption of the standard in public 
organizations (Saudi Arabia) 

 Longras, Pereira, 
Cameiro, and Pinto (2018) 

survey on main difficulties and limitations for implementing organizations 
(Portugal) 

ISO 45001 / 
OHSAS 18001 

Salomone (2008) similar motivations and challenges for ISO 9001, ISO 14001, and OHSAS 
18001 (Italy) 

 Vinodkumar and Bhasi 
(2011) 

shows need for OHSAS 18001 certification to reduce accidents and 
thereby liability and improve productivity and safety and health of 
employees (India) 

 Santos, Barros, Mendes, 
and Lopes (2013) 

identifies reasons for non-certification as well as certification; main 
benefits: improved working conditions, ensuring compliance with 
legislation and better internal communication about risks and hazards 
(Portugal) 

 Fernández-Muñiz, 
Montes-Peón, and 
Vázquez-Ordás (2012) 

motives and obstacles for certification; audit process 

ISO/TS 16949 
(IATF 16949) 

Neves, Salgado, Beijo, 
Lira, and Ribeiro (2018) 

to verify which economic and cultural-industrial factors  
influence the diffusion of ISO/TS 16949 certificates in the world (Spain) 

 Yeh, Pai, and Huang 
(2013) 

role of auditors (Taiwan) 

 Ostadi, Aghdasi, and 
Kazemzadeh (2010) 

effects of ISO/TS benefits on corporations (Iran) 

ISO 22000 Escanciano and Santos-
Vijande (2014) 

not only external pressure for certification but also internal reasons, e.g. 
desire to improve efficiency, productivity and quality (Spain) 

 Psomas and 
Kafetzopoulos (2015) 

ISO 22000 certified dairy companies significantly outperform the non-
certified with regard to HACCP effectiveness (Greece) 

ISO/IEC 
20000 

Disterer (2012) significant differences in benefits between small and large companies 
certified as well as between internally and externally motivated companies. 
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 Cots, Casadesús, and 
Marimon (2016) 

Exploration of internal and external motivations and benefits (Spain) 

ISO 50001 Wulandari et al. (2015) 
and Marimon and 
Casadesús (2017) 

survey on 57 early ISO 50001 certified organizations, motivations and 
benefits (Spain) 

 Karcher and Jochem 
(2015) 

main success factors for the effective implementation, operation and 
certification (Germany) 

ISO 13485 - - 
The survey was spread as an online questionnaire using multipliers such as industry 
associations of various sectors or regional chambers of commerce, who we asked to provide 
information and the link to our survey to their members, e.g. with their regular newsletter, via 
their website or other communication channels. In total, 248 questionnaires were filled out by 
respondents, 134 of which completely and 114 partially. However, we only consider those 
180 participants who have completed the main section of our survey (Use of MS standards). 
Results from these 180 responses are presented in the following section. 

4 Results 

4.1  Sample Composition 
The industry distribution of our sample is not representative for the German economy, but 
rather is heavily impacted by the way we reached out to potential participants. Using 
multipliers resulted in a biased sample composition, namely an over-representation of 
companies from the chemical and pharmaceutical industry (which resulted from appreciated 
support for our study by the respective industry association). The second largest respondent 
group are service providers, followed by companies active in electrical engineering and 
mechanical engineering (Table 4). Whereas most participating companies are large (38% with 
more than 1000 employees), almost half of the sample are representatives from small and 
medium sized companies (44% with less than 250 employees; Figure 2). 53% have an annual 
turnover of more than 50 Mill. EUR in 2018, the other half has less. 

 

Figure 2 Company size by number of 
employees (n=180) 

Reflecting the general adoption of MS standards worldwide, also in our sample, ISO 9001 is 
the most widely adopted standard with 72% of the respondents being certified and further 
11% which have implemented the standard without certification. On second rank of adoption, 
42% of companies are certified against ISO 14001 (further 9% use it without certification), 
followed by ISO 45001/OHSAS 18001, ISO 50001, and ISO/IEC 27001. However, there are 
remarkable differences between the single MS standards with regard to their certification rate. 
Whereas it is highest for quality and environmental MS standards and medium for energy 
management (71% of adopters certify), we find lower certification rates of less than 50% for 

Table 4 Industry classes (based on NACE) for our 
sample (n=180) 

 n        % 
Chemical, pharmaceutical, rubber, plastic 37 20.6% 
Other services 16 8.9% 
Electrical engineering 13 7.2% 
Mechanical engineering 13 7.2% 
Certification, inspection & testing 13 7.2% 
Metal industry 11 6.1% 
Others 10 5.6% 
Health and social services  8 4.4% 
Information and communication 8 4.4% 
All others / rest 51 28.3% 
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OHSAS 18001 (occupational health and safety), information management according to 
ISO/IEC 27001, ISO 22000 (food safety), and ISO/IEC 20000 (IT service management). 
Figure 3 provides an overview on the adoption of all MS standards covered in our survey, 
differentiated according to the mode of adoption. 

 
Figure 2 Use of MS standards; n=180. 

4.2 Motives to Use MS Standards and Realized Impacts 
The motives to implement a MS standard varies depending on the specific MS (Table 5). The 
participants were asked to rate the relevance of given motives on a 1-5 Likert scale. While in 
cases of ISO 9001 and ISO 14001 the main driver is demand by customers, increase of legal 
certainty is the main motivation to adopt ISO 45001 (OHSAS/health and safety) and ISO/IEC 
27001 (information security). In case of ISO 13485 (medical devices - quality MS) the 
standard is seen as a door opener for market access. The key driver to adopt ISO 50001 is the 
objective of realizing tax reliefs. The wish for internal improvements is comparatively for ISO 
9001 and ISO 45001highest. 

The participants were further asked to rate the impact that they think was realized through 
implementing the respective MS standards on a 1-5 Likert scale (Table 6). For ISO 9001, ISO 
45001 and ISO/IEC 27001 the main benefit was seen in improvements in the purpose of the 
respective standard, thus, quality, health and safety, and information security. While the 
respondents did not report high impacts on turnovers through MS standards, this was the 
highest rated benefit for implmenters of ISO 13485 (medical devices). In turn, tax reliefs as 
well as energy and cost savings were the main benefits in case of ISO 50001 for energy 
management. Greater employee awareness was the main achievement in case of ISO 14001, 
and also a main benefit for ISO/IEC 27001 and ISO 9001.  
The participants have further been asked whether, overall, certification was a good investment 
(Figure 4). With a mean of 4.6 on a 1-5 Likert scale, respondents were specifically satisfied in 
case of ISO 13485 (Medical devices - quality management systems) (however, here n is only 
9). Also, satisfaction with ISO 9001 overall is quite high (3.9). ISO 14001 certification has 
the lowest level of satisfaction (mean 3.4). 

Table 5 Motives to implement MS (means; Likert Scale 1= no relevance, 5 = highest relevance) 

ISO 9001 ISO 14001 ISO 45001 ISO 50001 ISO/IEC 27001 ISO 13485 

Demand by customers 4.2 3.5 4.3 2.0 3.1 4,5 
Internal improvement 4.0 3.2 4.0 3.3 3.5 3,4 
Market access (abroad) 3.6 2.7 3.3 1.6 2.5 4,8 
Increase in employee awareness 3.6 3.5 3.3 3.2 3.7 3,4 
Competitors are certified 3.4 3.4 3.8 1.6 2.0 4,0 
Increase legal certainty 3.4 3.1 4.5 3.9 4.2 4,3 
To fulfil management objectives 3.3 2.3 2.5 2.7 3.1 3,4 
Market access (domestic) 3.2 2.2 4.3 1.5 2.2 4,9
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Image purposes 3.2 2.8 4.0 2.7 2.8 3,9 
To be the first to be certified 1.9 1.6 1.0 1.5 2.0 1,9 
Reaction to incident 1.3 1.1 1.0 1.5 1.4 1,4 
Prevention of incidents     3.8  
Tax relief    4.1   

Table 6 Impacts from certification of MS (means; Likert Scale 1= no relevance, 5 = highest relevance) 

 ISO 9001 ISO 14001 ISO 45001 ISO 50001 ISO/IEC 27001 ISO 13485 

Improvement in the purpose 
of the MS 3.9 3.5 4.3 3.7 4.1 4.1 
Greater employee awareness 3.7 3.6 2.5 3.4 3.9 3.6 
Image improvement 3.6 3.3 3.0 2.8 2.8 4.3 
Reduction of internal costs 3.5 3.2 2.5 3.7 2.7 3.2 
Greater legal certainty 3.3 3.0 4.0 3.5 3.7 4.1 
Increase in turnover 3.1 2.1 2.8 1.8 2.2 4.7 
Lower insurance premiums 2.0 1.8 2.0 1.8 2.1 2.0 
Tax relief    4.2   
Reduction of incident risk     4.0  
Improved health   4.0    
 

 
Figure 4 Overall satisfaction with the investment in the respective certificate 

4.3 Certification Body, Audit and Accreditation 
The survey was further designed to explore the criteria organizations apply when selecting a 
certification body (CB). For organizations certified against ISO 9001, the most important 
criterium when selecting a CB is that it is accredited (Figure 5). In fact, 108 out of 109 
respondents declared that their certificate has indeed been issued by an accredited CB (Figure 
6). We further were interested in the knowledge about accreditation. 51% of the respondents 
state that they have heard of international recognition agreements for accreditation. 54% 
completely agree that these agreements contribute towards better recognition of certificates 
abroad (n=22 of 41, Figure 7). Regarding their own certificate, 63% say that such an 
agreement exists, 18% deny it, another 18% do not know. 

Besides accreditation, further important criteria for the selection of the CB are the competence 
of the auditors, the reputation of the CB, that it has specialized knowledge of the customer’s 
industry, and implementation is simple and fast. These criteria have been assessed also for 
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ISO 27001. While the results are similar to those of ISO 9001, respondents rate the possibility 
of having an integrated audit high (second rank, mean= 3.7).  
47 of the 180 total respondents reported that they have already once changed the CB in the 
past (57 denied). Main reasons were dissatisfaction with the professional performance of the 
CB (49%), the wish to bundle all certifications with one provider (47%), and costs (40%). 

 
Figure 5 Criteria for choice of certification body for ISO 9001 and ISO/IEC 27001 (means of 1-5 Likert 

scale) 

 

Figure 3 Relevance and knowledge about accreditation. 

 

Figure 4 International recognition agreements for accreditation contribute to better recognition of our 
certificate abroad. Agreement by respondents (n=41). 

Assessments of conformity with the requirements of MS standards are not only performed by 
independent third parties (CBs), but oftentimes also by business partners such as customers 
directly. Therefore, we sought to explore the role of these second party audits in our 
questionnaire. In fact, 67 participants reported to be audited by second parties. This is 
especially the case for ISO 9001 (n=51) and ISO 14001 (n=20). Also, sector-specific quality 
MS were audited by second parties in case of ISO/TS 16949 (automotive, n=15) and ISO 
13485 (medical devices, n=12). Ten respondents reported second party audits for ISO 
45001/OHSAS 18001. While respondents find that existing certificates simplify such second 
party audits (mean = 3.8) and that the requirements in these audits are stricter than in 
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certification (mean = 3.7), they neither report that second party audits would replace 
certifications (1.4) nor vice versa (2.6) (Figure 8). 

 

Figure 5 Statements on second party audits (e.g. by customers), n=67. 

4.4 ISO 50001 
67 organizations in our sample have adopted ISO 50001, 48 of which are certified (=71%), 16 
use the standard without certification and 3 use it having abandoned certification. 9 have just 
received their certificate during the last 3 years, 33 own their certificate 4-9 years already.  

As in the overall sample, most certified companies belong to the chemical and pharmaceutical 
industry, however, followed by metal industry, manufacture of vehicles, electrical 
engineering, mechanical engineering, transport and storage, and manufacture of 
glass/glassware/ceramics/processing of earth and stone, thus, all energy intensive industries. 
Predominantly big companies adopt ISO 50001: About half of all adopters have more than 
1000 employees (54%), 73% made more than 50 Mill. EUR turnover in 2018, whereas their 
export share is larger than in the total sample (37% compared to 26%). 
Certifications against ISO 50001 co-occur together with certifications against other MS 
standards: of the 48 companies certified, 45 also had an ISO 9001 certificate, 40  had one for 
ISO 14001 (see Table 8). 

Table 7 Co-occurrences with ISO 50001 certifications (n=48) 

certification 

implemented  
without 

certification 
implemented but  

certification abandoned total 
ISO 9001 45 2 0 47 
ISO 14001 40 1 0 41 
ISO 45001 (OHSAS 18001) 21 9 2 32 
IATF 16949 (ISO/TS 
16949) 14 2 2 18 
other 9 3 0 12 
ISO/IEC 27001 7 10 0 17 
ISO 22000 3 3 1 7 
ISO 13485 3 1 2 6 
ISO/IEC 20000 1 2 0 3 
The main motive to seek certification is the prospect of tax reliefs (4.6 on 5 point Likert 
scale). These tax reliefs are indeed also the main benefit stated by certified companies. For 
those companies not seeking certification but only implementing the standard, main motive 
and strongest perceived benefit is increased legal certainty. For both, further main drivers and 
benefits are increased energy efficiency (and thus reduced internal costs) and a higher 
employee awareness regarding energy efficiency (see Figures 9 and 10). 
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Figure 6 Motives to adopt ISO 50001 (certification 
(n=21) and mere implementation (n=6), Likert scale 

1-5). 

 

Figure 7 Impacts from adoption of ISO 50001 
(certification (n=21) and mere implementation 

(n=5), Likert scale 1-5). 

5 Discussion 
In our discussion we address four distinct research gaps in more detail. 

5.1 Implementation vs Certification 
A major advantage of our survey is the fact that we do not only cover certified companies but 
also mere implementation as one form of adoption that is oftentimes neglected in studies on 
the use of MS standards which take certificates as decisive criteria. This comprehensive 
approach allows for more differentiated analyses. The results as described above show indeed 
that the adoption of standards is not limited to certification but instead many companies 
exploit benefits without seeking certification. The low certification rates of less than 50% for 
certain standards such as OHSAS 18001 (occupational health and safety), information 
management according to ISO/IEC 27001, ISO 22000 (food safety), and ISO/IEC 20000 (IT 
service management) (see  Figure 3) indicate that there might be less pressure from external 
stakeholders, but adopters are instead driven by internal motives. In fact, as shown in Table 6, 
the main motive for OHSAS 18001/ISO 45001 and ISO/IEC 27001 is the aim to achieve real 
improvements in the sense of the MS.  
Deciding to invest into a certificate might not pay off: Though ISO 140001 has a high 
certification rate in our sample, satisfaction is, however, lowest in comparison with other MS 
standards. As Nunhes et al. (2016) argue, this might also be explained by the fact that  
considerable amounts of resources are required when implementing ISO 14001 leading to 
high certification costs. 

This is in line with earlier studies which found that certification not necessarily leads to 
intended improvements. Rather, the way of adoption and implementation is decisive (Boiral, 
2011). When motivated by external pressures (“degree-purchasing syndrome” or demand by 
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external stakeholders), companies are at risk to implement the standard only ceremonially and 
do not actually follow its principles in a way that would lead to real improvements (Yuriev & 
Boiral, 2018). This, in turn, can also provoke pitfalls such as excessive documentation and 
insufficient involvement which might lower overall satisfaction (Boiral, 2011). In general, 
impacts are discussed controversial as they can be complex and even paradoxical (Boiral, 
2011). While there might be positive effects like internal improvements or cost reductions 
(see Table 6), certification is also time-consuming and costly, e.g. regarding the general set-
up, costs of external auditors, or necessary consultants (Manders, 2015). Thus, the decision to 
certify as well as the satisfaction with certification also depend on whether the benefits 
outweigh the investments (Blind & Mangelsdorf, 2016).  
Exemplary, in our study, specific findings for ISO 50001 indeed show different motives when 
implementing ISO 50001 and deciding for or against certification, as will be discussed in the 
next section in more detail. 

5.2  ISO 50001 
Our study clearly identifies the prospects of potential tax reductions and improvements of 
internal processes as main drivers for implementation of ISO 50001. In fact, in context of its 
energy tax law, the German government has coupled energy tax refunds and reductions on 
fees for energy prices for manufacturing companies on the implementation of an energy 
management system and accordant certification (Fiedler & Mircea, 2012). Thus, in turn, 
realization of these tax benefits and reduction of internal company costs through improved 
energy efficiency are the two main benefits realized by certified organizations. This is in line 
with an earlier study from Germany (Karcher & Jochem, 2015), which yet also found that the 
majority of companies would keep the certification also without the tax incentive. And also 
Wulandari et al. (2015) and Marimon and Casadesús (2017) provide evidence of reduced 
energy costs as a major impact from their study among Spanish companies. Therkelsen and 
McKane (2013) have explored these savings in detail in their study on US companies, finding 
that most energy and energy cost savings come from operational energy performance 
improvement actions (74%). Participants of a government funded support program achieved 
significant energy and energy cost savings (0.174 TBtu3 and USD 503,000 per year, on 
average), with shorter cost effective payback periods for bigger energy consumers (1.7 years, 
on average) (Therkelsen et al., 2013). Other studies found that average payback of energy 
saving investments is 1-5 years (Wulandari et al., 2015). Thus, the relative low satisfaction 
rate with ISO 50001 despite valuing energy savings as a major realized impact, might be due 
that many respondents in our study might not yet have reached payback. 
While studies usually find companies undergoing certification and external audits to reduce 
their emissions more significantly than non-certified companies in cases for ISO 14001 
(Yuriev & Boiral, 2018), our study shows greater perceived cost benefits and less energy 
consumption for non-certified companies. While this supports the view that the standard as 
such is a powerful tool to achieve energy savings (Marimon & Casadesús, 2017), it also 
shows that certification is not necessary to achieve this goal. This might also indicate a strong 
internally driven implementation for those respondents. However, for Germany specifically, 
another reason might be important to explain that so many companies in our sample adopt 
ISO 50001 without certification (despite the fact that certificates are precondition for tax 
refunds): According to the EU directive on energy efficiency (2012/27/EU) all non-SMEs are 
required to conduct an energy efficiency audit to identify potential for improvement. Here, the 
implementation of an energy MS like ISO 50001 can support companies in conducting the 

                                                
3 TBTU stands for Trillion British Thermal Units, one BTU is about 1055 joules or 0.2931 W�h 

145



required audit and complying to this regulation, plus at the same time support continuous 
improvement foreseen in MS standards as additional benefit. This might explain that “greater 
legal certainty” was by far the most important impact of ISO 50001 implementation for non-
certified organizations (4.8 of 5, see Figure 10). In this context, it is noteworthy to mention 
that specifically big companies with high turnovers use ISO 50001, on the one hand, because 
– assuming larger energy consumption – they can gain disproportionately from using the 
standard, on the other hand because they are the ones affected by the energy efficiency 
directive (and SMEs are not). In our sample, further, we found energy-intensive 
manufacturing industries such as chemical industry to be the main implementers.  

The positive financial effects coupled with tax refunds are the main benefits realized in 
Germany according to our survey. Our survey results show that ISO 50001 is used to achieve 
internal improvements with regards to energy consumption and efficiency, as well as realizing 
tax reductions and paybacks. Thus, while the adoption and certification of ISO 50001 is 
predominantly driven by internal motives related to improvements in energy consumption, it 
is also linked to the external motivator of tax reductions granted by the German government. 

The effects on the global environmental image through implementation and certification of 
ISO 50001 have not yet been studied (Yuriev & Boiral, 2018), but participants of our study 
have in fact mentioned image and reputation as moderate motives to both implement and 
certify the standard (2.7 and 2.8 on a 5-point Likert scale, see Figure 9). The image effect has 
been rated with 2.6 by certified implementers and surprisingly with even 3.5 by the 
uncertified adopters. More important for both, however, was the greater internal employee 
awareness for energy efficiency through implementation of the standard (3.4 for certified and 
slightly higher with 3.6 for non-certified organizations). 

Another interesting aspect to investigate in this study was the way how the standard is 
implemented. Earlier studies found that ISO 50001 is rarely implemented before having 
adopted any other MS standard, particularly ISO 9001 and ISO 14001 (Karcher & Jochem, 
2015; Wulandari et al., 2015). Yuriev and Boiral (2018) state that most organizations would 
use environmental or quality MS as helpful base to build on when introducing the energy MS 
standard as they share similar documentation and procedural requirements. Ates and 
Durakbasa (2012) find that the Plan-Do-Check-Act-cycle for continuous improvement, which 
ISO 50001 shares with e.g. ISO 9001 and ISO 14001, and the identical operation principles 
regarding energy management as in ISO 14001, will ease implementation of ISO 50001 for 
companies  which have already implemented ISO 14001. Organizational learning through the 
implementation of other MS standards in general facilitates the adoption of further ones 
(Karapetrovic & Casadesús, 2009; Yuriev & Boiral, 2018). In fact, Karcher and Jochem 
(2015) find in their study “that it is apparently easy to integrate ISO 50001 into an existing 
MS. Only 6 percent of the participants had to make greater adjustments”. Our data underline 
these findings: Certifications against ISO 50001 co-occur together with certifications against 
ISO 9001 (45 of the 48 ISO 50001 certified companies) and ISO 14001 (40, see Table 8). 

The next section discusses some more issues related to integrated MS. 

5.3  Integrated MS / Coupling Effect 
With the latest revisions of MS standards, compatibility among them has increased, easing 
integrated implementation of several of them (Jørgensen et al., 2006). ISO 19011, which 
provides auditing guidance, explicitly foresees a “combined audit” approach when two or 
more MS are audited together, and thus fosters integration of MS (Nunhes et al., 2016). 
Alignment can be seen in those MS standards using the Plan-Do-Check-Act-cycle of 
continual improvement as common structural base (Nunhes et al., 2016). By establishing an 

146



integrated MS, implementation and certification costs and efforts can be reduced, improving 
overall efficiency of running MS. Also in line with Institutional Theory, it is argued that 
“firms disposing over free resources and having experience with standardized guidelines are 
more likely to integrate voluntary standards” (Tuczek et al., 2018). Yet, managing different 
MS at the same time (each having different stakeholders with maybe conflicting objectives) 
can be challenging as well (Nunhes et al., 2016).  
Integrated MS and the “coupling effect” have not yet been addressed in great detail by 
research (Tuczek et al., 2018). Our study confirms this as well, as the example for ISO 50001 
has shown. It has been found in earlier studies that it is in fact easier to implement new 
standards when already having quality management systems such as ISO 9001 in place given 
that their principles, required infrastructure and knowlegde are similar (Wiengarten, 
Humphreys, Onofrei, & Fynes, 2017).  
To exploit efficiency gains from implementing and certifying several, integrated MS, our 
study also showed that companies seek to bundle auditing and certification in the hands of 
one certification body. This “one-stop-shopping” has been identified a strong reason for the 
selection of CBs in our survey: In case of ISO/IEC 27001 this has been the second most 
important criterium for our respondents.  

5.4  Selection of Certification Body and Relevance of Accreditation 
CBs and external auditors assess whether and how companies comply with requirements of a 
given MS standard. Companies can choose from a rapidly growing number of CBs which can 
make the selection quite hard (Castka et al., 2015).  Depending on the depth of 
implementation that organizations aim at (thus, if either substantial or ceremonial), they 
choose their CB accordingly, thus, e.g. a company that seeks to implement a standard 
substantially and seeks for a more improvement-oriented auditing would more likely choose a 
reputable and capable CB (Castka et al., 2015; Prajogo et al., 2016) which not only issues a 
certificate but also shares own experiences and supports improvements (Poksinska, Jörn 
Dahlgaard, & Eklund, 2006). In fact, previous research found that firms oriented to 
continuous improvement auditing (as opposed to mere compliance with the standard) focus on 
choosing reputable auditing firms. Orientation towards cost savings from certification 
services was found to have negative impact on the satisfaction from certification.  
Our data show in fact that the most important criterium for the selection of the CB was that it 
is accredited. Accreditation as attestation of the competence of a CB (ISO/IEC 17000) is thus 
an important signal for the companies regarding its reputation and skills. Similarly, the skills 
and reputation of the CB have been ranked 2nd and 3rd important criteria for the selection of 
the CB, thus, all higher than simple and fast certification and low costs. This indicates a more 
substantial than ceremonial orientation.  
However, accreditation is not only important as signal for the client of the CB but also for the 
client’s stakeholders: accredited certificates are more easily recognized in (international) trade 
with benefits regarding increased sales and regulatory compliance (Blind & Mangelsdorf, 
2012; Mangelsdorf & Denkler, 2013). However, the role of accreditation and the knowledge 
about the recognition mechanisms have kept largely unaddressed by research so far. Thus, our 
study makes an important contribution by exploring these topics. In fact, we find that despite 
the high value that is attributed to accreditation, only half of the respondents have heard of 
international recognition agreements for accreditation. 54% of these, however, completely 
agree that these agreements contribute towards better recognition of certificates abroad (n=22 
of 41, Figure 7). 
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6 Conclusion 
This paper explores the use and implementation of various MS standards in German 
companies, specifically putting a focus on ISO 50001 for energy management. It contributed 
to research at various levels by addressing research gaps and topic areas that are oftentimes 
neglected in research, specifically by clearly differentiating between certification and 
implementation, but also by addressing the actual certification and auditing. Here, the study 
shed light into the selection of CBs finding that accreditation is the main criterium. The role 
and knowledge about accreditation itself are a topic very rarely addressed in research. Here, 
the study did not only show the high relevance of accreditation as such but also provides 
evidence that competence and reputation of CBs are indeed important for companies, which 
indicates to a more improvement-oriented implementation.  
Since studies on ISO 50001 for energy MS are very scarce, our survey represents an 
important contribution to research, providing the base to explore the motivations and benefits 
for this relatively new standard. Identifying tax reductions for certified companies as main 
realized impact, it was found that also non-certified organizations strongly benefit from 
energy savings (surprisingly even more than non-certified) and from increased legal certainty. 

This paper just presented a very first analysis based on our survey data. These data should 
further be used for more detailed analyses on the use and impacts of MS standards. While it 
provides rich ground for further exploration of other specific standards besides ISO 50001, it 
could also serve to investigate potential coupling effects in more detail. One interesting aspect 
is e.g. whether and how companies perceive more or less benefits by integrating several MS 
standards compared to those companies who just have one. Previous studies found divergent 
results, with either improved performance or no effects (Wiengarten et al., 2017). Deeper 
analysis could address differences in perceived benefits and impacts through implementation 
of multiple MS standards. Though the uniqueness of our study is the broad coverage of 
diverse MS standards, the major limitation is the number of responses. Though we build upon 
180 questionnaires that met our criteria, the number of responses for some specific MS 
standards covered in the survey became quite small. This concerns in particular standards that 
are not so widely adopted or are used in specific industries only. For these standards, more 
targeted surveys would be necessary to reach a meaningful sample. In addition, our sample is 
not representative for the German economy but rather biased towards certain industries 
(specifically Chemical and Pharmaceutical Industry). 

Potential further biases can occur when assessing motivations and impacts depending on the 
person who fills out the questionnaire (de Vries & El Osrouti, 2019). Though we tested this 
threat in our sample finding no differences in the assessment between quality managers and 
others, such questionnaires still carry the oftentimes subjective opinions of those who fill out 
the survey. As we did not ask for exact quantification, e.g. in terms of energy savings realized 
through the implementation of ISO 50001, the feedback might rather reflect opinions, 
estimations and feelings of those who responded. Given the broad range of MS we covered, 
the person answering the questions might not necessarily be the exact expert for all MS.     

Finally, some findings might be unique for Germany, as e.g. in the case of ISO 50001 where 
country-specific tax laws and subsidiaries apply that create distinct incentives in this country 
but would not play a role in others, leading to different assessments of benefits. Certainly, 
also the country-specific energy costs play a role when assessing the value and impacts of this 
standard. Thus, further studies – specifically outside Europe - would allow to compare these 
results under very different legal and economic conditions. 
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This paper explores how a hosting open source project in a Standardization Setting 
Organization (SSO) affect the standardization process and the Intellectual 
Property Right (IPR) policies of the organization and whether such approach raise 
any competition law concerns with regard to Article 101 TFEU. Through a case 
study of the hosting open source project (the OSM) in the European 
Telecommunication Standards Institute (ETSI), we observe that the IPR license 
rules of Apache v.2 can change the current disclosure rule and commitment rule 
for Standard Essential Patents (SEPs) in the ETSI by imposing a zero-royalty 
license. According to Apache v.2, such obligation does not only cover SEPs but 
also extend to non-essential intellectual property rights. It discourages innovators 
to participate and to contribute to the project thus shifting the competition and 
innovation balance in the standardization ecosystem. Despite this, a hosting open 
source project may be exempted by the block exemption of Regulation 1217/2010 
on R&D agreements. Therefore, it argues that innovation should be considered 
when addressing a hosting open source project. We suggest that principles set out 
for standardization agreements should be extended to R&D activities that direct to 
standardization work, which includes a hosting open source project under the 
umbrella of an SSO. SSOs are best suited to safeguard innovation and to ensure 
compliance with competition law in these activities. They should choose an open 
source license attentively in order to maintain the balanced situation among 
competitors to ensure innovation in the ecosystem.  

1 Introduction 
Standardization activities often involve companies that are also competitors in the innovation 
market related to the standardization work. Collaboration and competition coexist among 
these competitors in the innovation market (Jorde & Teece, 1989). It takes place in activities 
before the standardization process, in the standardization process or in other collective 
arrangements ex post standardization (Lundqvist, 2014) . On the one hand, standardization is 
a collective innovation platform for companies involved (Blind, 2016). On the other hand, 
standardization activities constantly involve trade-offs and negotiations among competitors. 
One main driving force is that when engaging in these activities, companies have different 
interests with regard to intellectual property rights, depending on their different roles as pure 
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innovators, implementers or integrated companies in the innovation market. Leveraging and 
bargaining around intellectual property rights have been commonly seen in standardization 
activities. For instance, during the standardization process, implementers may form a 
collusion to negotiate with innovators on conditions for their technologies to be embedded in 
standards. Innovators may agree to lower royalty rates on their  patents (Dolmans, 2002). In 
Ex post standardization, once a patent has been adopted in a standard as Essential Patents 
(SEPs), the bargaining power of innovators increases that they may demand for high royalties 
on patents from implementers (Dolmans, 2002) (EC, 2007).   
Standardization agreements are by nature agreements among competitors. The existence of 
negotiations among competitors make them suspicious of being a form of a cartel, but they 
are generally considered as pro-competitive( EC, 2011, para 263). The European Commission 
set a “safe harbour” in the chapter 7 of the Guidelines on the applicability of Article 101 of 
the Treaty on the Functioning of the European Union to Horizontal Co-operation agreements 
(2011) (hereinafter as the Horizontal Guidelines). The major requirements are: the 
standardization process should allow unrestricted participation; the process should be 
transparent; there should be no obligation to comply with the standard and the access to the 
technologies of the standard should be made available on fair, reasonable and non-
discriminatory terms (EC, 2011, para 280). If competitors who participate in the 
standardization process behave in accordance with these requirements, it is unlikely the result 
of the standard will be considered as a violation of EU competition law.  
Nowadays standardization agreements are often formulated in Standard Setting Organizations 
(SSOs) participated by competitors.  An SSO plays an important role in ensuring their 
members acting in a way that conform with competition rules. For instance, in the case of 
Rambus, the EC says that if the disclosure rule of the JEDEG would be clearer, Rambus 
would not have been able to conduct the ambush behaviour (EC, 2007) . Many SSOs now 
implements procedure rules and IPRs policies as sort of “baseline policy” that mirror the 
requirements set out by competition law authorities(Baron, Contreras, Husovec, & Larouche, 
2019). Some scholars contend that competition law authorities have relinquished their role in 
safeguarding competition to Standard Setting Organization (Lundqvist, 2014, p13). Actually, 
they are also better suited do to so (Garcia, 2004). For instance, before it was referred by 
public authorities, the Fair Reasonable and Non-discriminatory (FRAND) commitment on 
SEPs that restrict the license power of innovators was first a practice among the majority of 
SSOs.  It was considered as a means by SSOs to balance various interests among its members 
that participate in standard setting (Lichtman, 2010).  

The utilization of open source software (OSS) in standardization activities obtain much 
attention in recent years (Lundell & Gamalielsson, 2017) (Blind & Böhm, 2019). Although it 
is observed that terms and conditions for licensing IPRs in an open source license will likely 
to have frictions with the existing IPR policies of major SSOs (Li, 2018) (Li, 2017), SSOs are 
exploring ways of hosting open source projects. Compared to its precedence (e.g. open source 
implementations for standards), the current trend differs itself by taking open source software 
before/in parallel with standard development  (Husovec, 2018). Besides creating an 
unconventional way of developing standards, it introduces open source licenses to the 
standardization process. Against this background, this paper aims at addressing the following 
questions: what is a hosting open source project? What are the influences of an open source 
license to the FRAND based IPR policy of an SSO? Will these effects shift the balance 
between companies with different business models? What are the implications for EU 
competition laws?  
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The paper will answer these questions by mainly looking at a hosting open source project in 
ETSI in the EU territory. In the first section, we introduce the relationship between 
standardization activities, IPRs and EU competition laws with regard to Article 101 TFEU. 
By positioning the nature of a hosting open source project as a R&D agreement ex ante 
standardization, several competition rules on IPRs arrangements may apply, including 
licensing agreements for R&Ds and rules for standardization agreements. The second section 
will first introduce the Open Source Mano (OSM) project in the ETSI. The project creates a 
way to develop standards associated with the Network Function Virtualization (NFV) 
technologies. ETSI choose the Apache license v.2 for the project. It is observed that the terms 
and conditions in Apache v.2 challenge the application of IPRs policy of ETSI on NFV 
standardization work. We further discuss whether this will cause participation constraints by 
members that in conflict with principles in EU competition to protect innovation and 
competition. The last section concludes with some implications for EU competition law 
authorities.  

2 Standardization Activities, IPRs and EU Competition Law 

2.1 Standardization Activities and IPR Policies  
Technical standards enhance innovation and competition in our digital world. SSOs 
standardize the latest even if not the best technologies and allows downstream 
implementations to thrive (Larouche & Overwalle, 2014). Standardization activities are led by 
industry players. Most SSOs we have a large number of companies from the industry as 
members or participants (Baron et al., 2019). Standard agreements are by nature agreements 
among these competitors. They have their own agenda in participating in standardization 
activities, which may not always in align with the optimum outcome for a socially-benefitting 
standard. There is often a trade-off between the benefits of standards to the society and private 
gains(Vetter, 2007). 
2.1.1 The interests around IPRs and royalties 

Private gains are associated with the bargaining around intellectual property rights in standard 
setting context. Implementation of standards use IPR-protected technologies, in the form of 
either patent rights or copyright embedded in standards. These IPRs are not at the SSOs’ hand 
but belong to the members or participants. They have different interests with regard to 
intellectual property rights. One simplified classification is that participants can be divided as 
innovators or implementers and some of them have a complex role as integrated companies 
(EC, 2011, para 267). They play the role of the supply side and the demand side when a 
standardization process shopping for intellectual property rights (Teece & Sherry, 2015). 
Innovators have interests in having their technologies embed in standards, expecting to collect 
as much royalties from their patents. Implementers have interests in adopting a standard and 
using embedded technologies for a low price. Negotiations happen among them on what 
technology to be included to a standard and whether it would be licensed under FRAND 
terms, etc. 
An SSO is the forum where negotiations among competitors takes place. A technology that a 
standard selects and the policy of an SSO with regard to IPRs affect their behaviours (Teece 
& Sherry, 2015). For instance, if the IPR policy on disclosure obligations is vague in a way 
that IPR holders are able to work around without disclosing their patents nor subject them to 
any license commitment, owners may have incentives to hide their SEPs before the standard 
is adopted (patent ambush). It is likely patent holders will charge unreasonable higher 
royalties or pose other restrictive conditions (patent holdup) (Lemley & Shapiro, 2007).This 
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typical “patent ambush” together with holdup situation happened in the Rambus case, where 
the patent holder Rambus did not disclose its patents in the standardization process. After the 
standard was adopted, it left the standard forum JEDEC and started charging excessive rates 
on its SEPs. The European Commission found out that the vague disclosure rule of the IPR 
policy of JEDEC left Rambus the room to escape its disclosure obligation (EC, 2007).  

On the other hand, strategic behaviours in negotiation can also come from companies without 
SEPs, the so-called implementer side. There are often more implementers than innovators in 
an SSO (Dolmans, 2002).One typical way for them is to form a buyer’s power and make the 
IPR owners make compromise to unreasonable lower royalty rate or other conditions. If IPR 
owners do not agree, they lose the support from implementers and may not be able to have 
their technologies embedded in standards. Such case is not commonly seen before court, as 
they often happen in negotiations inside the organization (Teece & Sherry, 2015).One 
example is the ETSI DVSI, in which ETSI selected the lesser quality Thomson technology 
because company owns the DVSI refused to place its software implementation in source code 
form in the public domain – although it was willing to license its code on FRAND terms and 
conditions. The ETSI members misused their collective technology buying power to DVSI 
and punish it with foreclosure (Dolmans, 2002).  

2.1.2 The interests of participation  
Besides explicit interests on royalties, there are also other types of spillovers in 
standardization activities. Both innovators and implementers have interests in participating in 
standardization process. Firstly, participation in standardization process avail companies to 
steer the direction of innovation (IV/31.458 — X/Open Group, 1986). What technologies to be 
standardized then affect the business at downstream level. For instance, in an early US case 
concerning standardization activity for National Electrical Code (Code) of the National Fire 
Protection Association (NFPA), the decision of the Code to only include steel conduit had the 
effect of exclude the business of the respondent, who is a plastic manufacturer (Allied Tube v. 
Indian Head, Inc, 1988). 

Companies with all business models benefit from attendance in SSOs. Attending SSO 
meetings and actively participating in SSOs have positive effects on companies’ revenue. 
Meetings in SSOs generally promote knowledge sharing with positive dynamic effects 
(Baron, Gupta, & Roberts, 2018). It leads to higher patents in the future (Baron, 2016). Even 
if it is just passive participating (normally they are small firms as more of implementers) can 
profit from general and specific meetings(Waguespack & Fleming, 2009). In the 3GPP, there 
were only a few major active players, but others are small firms that participating and 
attending meetings. The partnership of 3GPP still considered as a success in the 
telecommunication standards. (Baron et al., 2018)  
Negotiations on these various interests reach an equilibrium when members reach an 
agreement about standards, technologies and IPRs rules. Since this equilibrium is reached by 
agreements from companies that would have been competitors in the market, it is scrutinized 
that standardization activities not be misused in a way for anti-competitive ends among them. 
In this sense, SSOs can be viewed as a coordination system to reconcile the two sides (Baron 
& Pohlmann, 2013).  The procedure rules and IPR policy of an SSO is considered as a mean 
to safeguard competition and innovation (Lemley, 2002).  For instance, the IPR policy of an 
SSO is a sort of private ordering that restrict the exclusivity of patent holders’ rights by 
urging them to license their SEPs on FRAND terms (Dusollier, 2007).  
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2.2 The Horizontal Guidelines and the principle of “balance of interests” 
The European Commission stipulate a “safe harbour” for standardization work in Chapter 7 of 
Horizontal Guidelines. This chapter deals with standardization agreements that might be 
captured by Article 101 (1) TFEU. It recognizes that standardization agreements are generally 
pro-competitive; however, it may give rise to restrictive effects on competition by potentially 
restricting price competition and limiting or controlling production, markets, innovation or 
technical development. It summarized three ways of doing so, namely reduction in price 
competition, foreclosure of innovative technologies and exclusion of, or discrimination 
against, certain companies by prevention of effective access to the standard (EC, 2011, para 
264). 
With regard to IPRs in standard setting contexts, the Horizontal Guidelines recognizes that 
different business models exist in the SSOs. It identifies three major groups of companies. 
First, there are upstream-only companies that solely develop and market technologies. These 
companies focus on R&Ds, their major (if not only) source of revenue comes from licensing 
royalties. Maximising royalties is their main incentive to innovate and participate. Secondly, 
there are downstream-only companies that solely manufacture products or offer services 
based on technologies developed by others and do not hold relevant IPRs. Royalties represent 
a cost for them, thus they have incentives to reduce or avoid royalties. Third, there are 
vertically integrated companies that both develop technology and sell products, which have 
mixed incentives that combine the former two categories. (EC, 2011, para 267). 
Although different roles of companies are identified, the Horizontal Guidelines did not 
specify where to put these roles when assessing the “safe harbour”. One way to interpret is 
that this will be undertaken by SSOs where standardization agreements are formulated, such 
as implementing them when designing their IPRs rules. This interpretation has been 
confirmed on the other side of the Atlantic. In its bylaws, the American National Standards 
Institute (ANSI) stipulated that ‘[p]articipants from diverse interest categories shall be sought 
with the objective of achieving balance’ and that “in defining the interest categories 
appropriate to standards activity, consideration shall be given to at least the following: a) 
producer, b) user, c) general interest” (ANSI, 2006).  

A “clear and balanced IPR policy” showed by the “safe harbour” constitute a Fair Reasonable 
and Non-Discriminatory (FRAND) commitment requirement and a good faith disclosure rule 
Para  (EC, 2011, para 285,286). FRAND is the most widely used commitment in IPR policies 
of most major SSOs (Lemley, 2002) (Bekkers & Updegrove, 2012). It requires right owners 
to make their intellectual property rights that are essential to standard implementation 
available on FRAND terms. This does not mean that the FRAND obligation only on the 
innovator’s side. Implementers also need to act in a FRAND way when negotiating with right 
holders (C-170/13, Huawei v. ZTE). Therefore, FRAND is a mechanism to preserve the 
balance of various stakeholders by providing room for negotiations and encourage investment 
in the standard. On the one hand, it allows the patent owners to collect royalties on their 
patents which incentivize them to contribute their technologies to standard work; on the other 
hand, users of patent right will have access to the technology under reasonable terms. The 
“balance of interests” function of FRAND has been recognized by regulators as well. In a 
Report on European Standards (2017. June 9), A8-0213/2017 in the suggestion 24, it 
“underlines that the FRAND system of licensing …contributes to an important balance 
between innovators and technology users”. 

The mentioning of a clear disclosure obligations is another way to prevent opportunistic 
behaviours in negotiators among competitors. It requires participants to disclose intellectual 
property rights that might be essential to standard implementation to the organization. The 
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disclosure obligation rule in the “safe harbour” does not require right owners to specify 
royalty rates.  The Horizontal Guidelines left room from more restrictive terms to be 
disclosed.2 Members who are willing to disclose royalties or other terms and conditions in 
their disclosure are allowed. In this sense, participants are technically able to disclose royalty 
rates ex ante and jointly set royalties rates under a patent pool ex post the standard 
(Lundqvist, 2014, p199).  

2.3 Competition and innovation in standardization activities 
By doing so, the EC creates a conceptual link between the notion “balance of interests” and 
the FRAND commitment, embedding it in the “safe harbour” for SSOs activities to be 
exempted from Article 101 TFEU. The underlying reason is rooted in the protection for 
dynamic efficiency. To put it simple, innovators bring innovation to the forum of which their 
interests are usually secured by patent rights. Implementers diffuse the standard and 
contribute to the benefits of “network effects”. Both can also be follow-on innovators that 
benefit from involving in the process (Case T-201/04). 3  If an unbalanced IPR rule tilts to one 
group and discourages the other, it affects the equilibrium and causes lose to the ecosystem as 
a whole (Zingales, 2017). For instance, if restrictions to innovator’s exclusivity on patents are 
too strong, they may leave the SSO and develop standards outside of the forum. When their 
technologies become de facto standards through winning the market, embedded IPRs are not 
secured under FRAND commitment to implementers. On the other hand, if an IPRs policy 
offers innovators too much power to extract private gains through their IPRs, implementers 
will be in a disadvantage position and may not implement the standard. Without enough 
support from implementation, it will be difficult for a standard to be widely adopted and to 
win the market.  

An objective shared by intellectual property law and competition law is to protect dynamic 
competition/ innovation (EC, 2011, para 269). Protecting innovation is the one of the 
mainstream justifications for the existence of intellectual property rights. It is recognized that 
rivalry competition constitutes an incentive for companies to innovate (Gilbert & Gilbert, 
2006). The modern EU competition law recognizes the existence of IPRs but keep an eye on 
the exercising of these rights in a way that is anti-competitive and cannot be justified by its 
subject matter. Dynamic competition has been recently brought into competition law 
compared to other efficiency considerations such as allocation efficiency (Drexl, 2012). 
Dynamic efficiency recognizes the potentials of other competitors in the market and the need 
to create space for follow-on innovations (Drexl, 2008). This matches the situation in 
standards concerning high tech industry (Lundqvist, 2014), such as 5G and IoT. In the 
technical standards context, innovation and competition happen when there is no market yet 
(Drexl, 2012), protecting dynamic competition/innovation is more relevant to standardization 
activities and is a shared goal when dealing with IPRs in the context.4  

                                            
2 In the footnote of para 286, it states that this “should not prevent unilateral ex ante disclosures of most 
restrictive licensing terms as described in paragraph 299”. 
3 Para 632: Microsoft’s refusal to disclose interoperability information concerning its operating system (a de 
facto standard in personal computer operating system) is considered as “was a ‘refusal to allow follow-on 
innovation” 
4 An objection to this position was put up by Lundqvist (2014) that theories of dynamic competition may not 
always apply to standards such as 3G telecommunications because the assumption for this theory may not be the 
case in standardization context. When dealing with standardization work concerning these standards, more 
collaboration among competitors should be tolerated.  See a full discussion (Lundqvist, 2014) P 111. 
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3 A hosting open source project in an SSO: a tailored R&D activity 

3.1 Open source innovation  
Open source software put the source code into the public with no restrictions of use under an 
open source license. It started from the early free software movement in 1983 with the launch 
of the GNU operating system project by Richard Stallman of Free Software Foundation 
(FSF). At that time, the General Public License (GPL) family license maintained by FSF use 
the notion of “copyleft”. Under a “copyleft” license, the source code may be changed, but any 
distribution of a binary file must make available all changes to the source and remain under 
the same license. Later, other open source licenses emerged that maintain the freedom to the 
use of software code but do not necessarily incorporate the “copyleft” feature, e.g. the 
Berkeley Software Distribution (BSD) license. The term “Open Source Software (OSS)” was 
invented by the Open Source Initiative (OSI) founded in 1998. The organization certifies 
open source licenses. Requirements to be considered as open source software and free 
software by OSI and FSF are similar. In this paper, we use the terms “OSS” to encompass 
licenses accredited by both OSI and FSF. 
Contrary to the early ideology that open source is against copyright and privatization, it is 
today recognized that the enforcement of open source licenses relies on copyright protection 
of software code (Weber, 2004). An open source license recognizes the existence of the 
current copyright and patent regime but offers another way of using these rights different 
from proprietary software. All open source licenses are copyright licenses. Not all of them 
contain patent clauses, but some of them do. For those that have dealt with patent right, they 
generally grant the right in a way similar with copyright. Right owners forgo a large part of 
exclusivity, such as the right to have access, to use, to modify and to distribute the software 
code. 

A wide range of different license choices from OSI facilitated the use of open source in 
commercial settings. Companies can choose different licenses to cater their needs when 
formulating or participating a project (Weber, 2004).  The sharing, collaborating and 
decentralized way of developing software is considered as a way of innovation model that 
avail companies to spinout their R&Ds and pool their sources together.5 It can be projects as 
pooled R&D or product development such as Linux and Mozilla. It can be spinouts projects 
such as Eclipse. Projects such as Apache Server are more product centric, which they sell 
complements of the project (West & Gallagher, 2006b). Open source software proved to be a 
success in ICTs and contains large revenue of interests. For instance, IBM is reported to have 
spent $1 billion in 2001 alone on open source projects (Capek, Frank, Gerdt, & Shields, 
2005). A representative from Samsung stated that “today, you can’t built a product without 
using Open Source” (Husovec, 2018).  
Open source is active in the ICT standardization ecosystem as well. Some views that OSS and 
standards are two complementary systems for innovation  (Kappos, 2017) (Husovec, 2018). 
Standards built on the infrastructural level, while open source software thrives at the 
implementation level (Vivant, 2018). Open source implementations contribute to the adoption 
of the standard. In some other cases, open source drives a formulation of an industry standard 
when an open source project is so successful that its final product becomes a de facto standard 
in leading a certain technology field. For instance, the Linux operating system and the 

                                            
5 The term “spinout” refers to cases where firms transform their internal development projects to externally 
visible projects. See (West & Gallagher, 2006a) 
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Mozilla browser have proved to be leading products in the operating system and the browsers 
products (Oshri et al., 2010). Moreover, an open source project can assist an ongoing standard 
development. For instance, the DRUPAL open source project was evolving together with the 
RDFa standardization work by the SSO the World Wide Web Consortium (W3C) 
(Gamalielsson, Lundell, Feist, Gustavsson, & Landqvist, 2015).  Similarly, in developing the 
Extensible Markup Language (XML) standards, the European Computer Manufactures 
Association (ECMA) has largely collaborated with the JAVA community (Husovec, 2018). 

SSOs are exploring how to host their own open source project for standardization work. What 
makes the current focus different from previous practice is that a hosting open source project 
is initiated by the organization itself instead of collaborating with an existing community. 
Because of the difference in the license scheme with regard to intellectual property rights,6 
the choices of specific open source licenses will affect the innovation ecosystem of 
standardization (Husovec, 2018). One case this paper is looking at is the Open Source Mano 
(OSM) project launched by the ETSI in 2016�which is an open source project under the open 
source license Apache v.2 to develop an Open Source Management and Orchestration 
software stack aligned with ETSI Network Function Virtualization (NFV) standard. it is 
claimed that the initiative was founded for technical considerations, expecting the use of open 
source to assist ETSI standards to “build and attract communities, ensure quality of work, 
completeness and meet time to market demands”(Romero, n.d.)  
ETSI membership formation represents a wide range of diversity for studying how the 
uncertainty of IPRs issues affect various interests of stakeholders. It has nearly 900 members 
and organizations worldwide and is comprised of a diversified pool of large and small private 
companies, research entities, academia, government and public organizations. Most of its 
standardization work is undertaken as industry-driven with large involvement of commercial 
companies. This provides an ideal forum to study behaviours of diversified range of 
innovators and implementers. 

3.2 Standardization activities in ETSI 
Before introducing how the OSM might change the standardization process and IPR rules 
therein, we first look at the conventional standardization work in the ETSI. The 
standardization work of ETSI has mostly been undertaken by Technical Bodies of ETSI. 
Mainly, there are three types of this kind: 1) technical committees or other types of working 
groups; 2) Specialist Task Forces (STFs); 3) Industry Specification Groups (ISGs). The 
technical work is largely carried out by the individual member companies that are represented 
in Technical Committee (TC) in these abovementioned three Technical Bodies. After 
technical work done by a TC, the decision of whether to adopt such standard will be pending 
upon voting by the General Assembly (GA), which is formed by representatives of ETSI 
members. This is the place where ETSI members may exert their influence on the 
standardization. The General Assembly has the deciding power on “taking decisions on the 
approval of draft standards and other deliverables submitted to it through the Director-
General”. The decision-making process of GA is based on consensus among full members. 
Unlike some SDOs, such as ITU, CEN/CENELEC, in which consensus principle requires ‘the 
largest possible arrangement among the interests concerned with the use of standards’, ETSI 
adopted a voting system based on 71% majority voting. Communications among members are 

                                            
6 See a comparison between IPR rules on copyright of specifications and license commitment on patent right in 
three major SSOs (ITU, ETSI and IEEE) with the main license features of the ten most popular open source 
licenses in (Li, 2018) 
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important for the final decisions and lobbying for support is common among members. It is 
said that some of the negotiations reach an agreement when representatives meet 
and discussed in corridor (Baron et al., 2019). 

3.3 ETSI IPRs policy 
The ETSI Intellectual Property Rights (ETSI IPRs policy) kicks in when a technical body 
approves the deliverables. It consists of a copyright rule of the specifications and a FRAND 
commitment rule for essential technologies.  
According to Article 9, in general cases, “the ownership of the copyright in STANDARDS 
and TECHNICAL SPECIFICATIONS documentation and reports created by ETSI or any of 
its COMMITTEES shall vest in ETSI…”. It is understandable that standards are literal 
documents that can subject to copyright protection. The ownership belongs to the 
organization who created the documents.  

Furthermore, Article 9.2.1 specifies the rules for software included in a technical 
specification. It grants “without monetary compensation or any restriction” “an irrevocable, 
non-exclusive, worldwide, royalty-free, sub-licensable copyright license to prepare derivative 
works of (including translations, adaptations, alterations) the contributed SOFTWARE and 
reproduce, display, distribute and execute the contributed SOFTWARE and derivative works 
for limited purposes.”  This software license granting is on a Royalty Free base but only 
limited to certain types of use that have been listed in the same article. Despite this special 
clause for software copyright, ETSI has excluded that in general cases, software shall not be 
included for as essential software. It seems that when this article was drafted, the software in 
specifications was considered more of assistance to carry testing or other explanatory 
functions, but not for compliance means.  
For technologies that are essential to the compliance of an ETSI standard, they are subject to 
the disclosure rules and the license commitment rules for essential IPRs. According to Article 
4 of ETSI IPRs policy, Members are required to inform ETSI of essential IPRs in a timely 
fashion. Such disclosure obligation is separate from the license commitment and only serves 
as an information channel during the standardization work. Disclosure gives participants 
opportunities to negotiate, discuss, reach agreement and make better decisions during 
standardization process. It also leaves room for opportunistic behaviours among competitors. 
For instance, when the ETSI was developing the standards for private digital mobile radio 
communication, upon discussions, both an US firm and a French firm offered their 
technologies. ETSI selected the less performed software program of France’s Thomson 
Electronics (“Thomson”) over Digital Voice Systems, Inc. (“DVSI”) and kicked out the latter 
in the negotiation phase because it refused to put its source code in the public domain as many 
ETSI members asked it to do so. (Dolmans, 2002) Nevertheless, it should be noted that, 
technologies that are disclosed to be essential do not mean they are really essential. ETSI does 
not provide any essential check mechanism. Companies may over-disclose the number of 
patents that sometimes are not necessary for implementation.(Contreras, 2013) 

Article 6 of the ETSI IPR policy explains how essential IPRs to implementing ETSI standards 
should be made available. The owners of these essential rights are required to make a 
commitment in writing that it is prepared to grant irrevocable licenses on Fair Reasonable and 
Non-Discrimination terms. The ETSI did not specify the meaning about what constitute a 
FRAND license or a FRAND royalty rate. In scholar work, it is considered that a fair and 
reasonable royalty rate should be able to reveal the economic value of the patent ex ante to its 
adoption in technical standards (Carlton & Shampine, 2013). Specific license agreement is 
subject to the parties. This rule gives patent holders (ETSI members) the room to recapture 
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their investment in patents but also limits their negotiation power. FRAND commitment is the 
general precondition that a technology will be included in an ETSI standard. In selection of 
technologies, we did not always see coherence of favouring this license commitment. In 
negotiations among competitors, the buyers of IPRs have the tendency to support license 
commitment that are more favouring their interests (e.g. RF commitment). For instance, in the 
DVSI case, the American company who had the more advanced technology showed its 
willingness to license its code FRAND terms to implementers who did not want to write their 
own code, but the technology selection favoured a free of charge solution instead of the more 
advanced DVSI technology. 7 

3.4 OSM IPRs rules 
The governance of OSM is separated from the ETSI standardization work (Figure 1). It is 
made up of its own structure that includes a Leadership Group (LG), an End User Advisory 
Group, a Technical Steering Committee, Module Development Groups and various Task 
Forces. These bodies are formed by individuals representing organizations participating in 
OSM.  

 
Figure 1. OSM governance structure 

According to the Terms of Reference (ToR) of the OSM, there are two ways for companies to 
participate in the OSM. For any organizations or entities, they can join as “Member” or 
“Participant”. The former refers to entities that are ETSI members, while the latter is when 
organizations who are not members of ETSI. The main difference between a “Member” and a 
“Participant” is that the former is entitled to attend the OSM plenary meetings and participate 
in decision making to approve deliverables from the OSM project. That is to say, ETSI 
members who are not participating in the OSM will not have a decision-making power for 
OSM deliverables. Until the time of the writing, 120 organizations have participated, in which 
51 are members of ETSI and 69 are participants from stakeholders who are not members of 
ETSI but have singed to contribute to the project. The numbers reveal a positive reaction from 
industry players to the project. 
The Apache v.2 is the governing IPRs rule for the project. Together with the ToR that defines 
of the scope of work of the OSM, Apache v.2 stipulates relevant license terms of copyright 
and patent right for deliverables of the OSM project. 

                                            
7 ETSI/DVSI case, for a detailed discussion, see (Dolmans, 2002) 
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The Apache v.2 is one of the open source licenses accredited by the OSI. It abides the ten 
criteria set out in the Open Source Definition, which includes allowing free distribution, 
making source code available for access, allowing modifications and derived works, allowing 
distribution of software built from modified source code, etc.(“The Open Source Definition | 
Open Source Initiative,” n.d.). It is a permissive license that does not mandate a “copyleft” 
feature. Recipients of a project under the Apache v.2 do not necessarily contribute back to the 
open source project under the same license if any modifications are made. With regard to 
patent, Apache v.2 grants patents on Royalty Free base. Besides, it contains a so called 
“patent retaliation” clause. This clause discourages a recipient from bringing patent litigation 
against the “work” that incorporates the patented contribution; otherwise, the patent right 
received by recipient will be terminated. In this case, it adds on the obligation to recipients not 
to file patent infringement cases against other recipients that receive patent rights from the 
same project.  

3.4.1 On the standardization process 
How will Apache v.2 affect license rules of the standardization work in the ETSI? It depends 
on the relationship between the project and the final ETSI NFV standard. Normally, there are 
three ways an open source implementation interacts with a standard that is being developed 
together with the project: being pure reference implementation to a standard, which does not 
change the conventional role that OSS plays in standards; code of the project being included 
into the standard specification and functions derived from the open source project being 
adopted to the standard (Li, 2018). In the last scenario, it is assumed that the functions are 
essential technologies and are also patentable (Li, 2017). 
The relationship between deliverables of the OSM and the ETSI NFV standards are not 
definite. According to the OSM ToR, the OSM is said to develop reference implementation to 
the ETSI NFV standard. Direct use of source code from the project has been excluded. That is 
to say, the first situation is confirmed while the second one is explicitly declined.  
However, the third scenario is debatable. According to ToR, the OSM will provide feedback 
to the standardization work of ETSI NFV standards. Feedback can be in forms of technical 
transfer or from exchange of information by working stuff. The ETSI has established an 
Industry Special Group (ISG) to connect the OSM with the ETSI NFV standardization work 
(see Figure 1). There are overlapping staff members of the ISG and the OSM. Previous 
experience shows that overlapping in working groups between an open source project and a 
standardization work lead to similar or same functions of both sides (Gamalielsson et al., 
2015). This brings potentiality that the third situation can happen. If the NFV standards 
eventually adopted technologies and patents derived from the OSM projects. The 
standardization process goes through the OSM project, which replaced the function of a 
technical body in the conventional standardization track. Although a definite conclusion may 
be fast, the following discussions assume that the third situation happens. 

3.4.2 On the disclosure rules: an expanded blanket disclosure 
In the previous discussion about ETSI IPRs rules, the term “disclosure rule” is used in 
standardization context. It involves a company’s active report on their (potential) essential 
patents. There is no such term in the open source context. Firstly, open source code is often 
developed by individual developers, though they may also represent or be encouraged by their 
employing companies. Secondly, the disclosure rule in standardization context was mainly 
designed to address the “patent ambush” problem (Geradin, 2017), which is less likely to 
happen in an open source project. Because freedom to use and copyrights and patent rights are 
largely guaranteed and litigations against such freedom are prohibited by open source 
communities.  
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Nevertheless, it is argued that if we put the same notion in an open source project, once code 
has been contributed, technologies have been “disclosed” to recipients of the project and to 
the public. In the OSM project, technologies are almost “disclosed” and made open to almost 
everyone who has access to the code lines in the project. The source code carries the 
information of participants’ innovation with respect to NFV. Once participants contribute 
their code, innovation has been disclosed along with code lines (at least to skilled persons 
who understand the technology) without specifying it. Because Apache v.2 is an open source 
license that covers both patent and copyright granting, the scope of such a disclosure cover 
every intellectual property right therein, including both copyright of the software code and 
patent right built on it. 
As we discussed, the current disclosure rule in the ETSI IPR policy is a disclosure only 
obligation to only specify technologies but does not mandate a license commitment. The 
introduction of the Apache v.2 through the OSM extended the disclosure rule to include both 
essential and non-essential technologies; not only patent right, but also copyright-protected 
work. Although the scope of this “disclosure” is expanded, there is no obligation of 
specifying a technology according to this open source project. It is comparable to a blanket 
disclosure approach in the standardization context, when a single blanket applies to all 
relevant IPRs related to a standard and right owners agree to a license commitment that 
covers the entire intellectual property rights (Bekkers & Updegrove, 2012).  

3.4.3 On the license rules: a contractual obligation 
In the OSM, the license commitment is replaced by concrete licence terms offered by the 
Apache v.2. If our assumption that the third scenario happens, when an essential patent 
comes from contributions in the OSM by participants, the SEP comes along with license 
terms of the Apache v.2. This is not only a commitment of willingness to offer a license as the 
FRAND commitment entails, but the license terms are pre-determined.  

According the Apache v.2, any copyright or patent right from the contributions shall be made 
free of charge. The right granted to licensees allow them to “reproduce, prepare Derivative 
Works of, publicly display, publicly perform, sublicense, and distribute the Work and such 
Derivative Works” of copyrighted work and to “make, have made, use, offer to sell, sell 
import, and otherwise transfer the WORK” for patented work. Base on this, recipients already 
get a license grant on RF with respect to the SEP for commercial uses. Whether the FRAND 
commitment of the ETSI IPR policy is bounded to this standard, recipients can get an open 
source license anyway. The condition is to agree all the license terms of the Apache v.2. 
Furthermore, due to the patent retaliation clause, in order to enjoy the RF use of the SEP, any 
litigation against any parties for patent rights related to the OSM projects are prohibited. 
Otherwise the right will be terminated.   
FRAND commitment in ETSI never intend to form a contractual relationship between a 
licensor and a licensee. But an open source license does. For each participant, the Apache v.2 
like agreement is a contract they sign. This contract has three parties: the OSM project, the 
participants and any recipients. Once any contributions have been made to the project, a 
participant becomes a licensor and other recipients become a licensee with regard to the 
licensor’s contribution. They rely on the Apache v.2 to use the open source software in the 
OSM project. Therefore, the SSO engage in form licenses for technologies, though it looks 
like it was done by the licensor. 
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3.5 Implications on the balanced approach under EU competition law 
3.5.1 Participation constraints of innovators 
The changes that the Apache v.2 brought to the IPR rules of how embedded IPRs are 
disclosed and licensed may have an impact on the participation of the project. The OSM 
project creates a contracting relationship between sellers of IPRs and buyers in the 
standardization context. According to the above discussion, it first requires a broader 
disclosure rule than the current one in ETSI, including not only essential technologies but also 
non-essential ones. Secondly, Apache v.2 grants the RF license rule on any copyright and 
patent contributed to the project. This shifts the balanced role maintained by FRAND towards 
the buyers of the technology side as they can receive technologies on RF base. It enshrined 
the expectations that innovator companies have when come to the standardization context to 
contribute and collect royalties on their technologies. Furthermore, the patent retaliation 
clause further constraints patent owners from filing infringement cases.  

Thirdly, other spillovers than royalties will not be captured by innovators and implementers in 
a balanced way. either. Implementers receive information that contain technology 
advancement from OSM once innovators contributed to the project. But the Apache v.2 lack 
of a reciprocity obligation like “copyleft”, recipients do not have to contribute back after they 
learned from the first innovator. If the abovementioned disclosure to the OSM was mandatory 
and without any reciprocal clause that ensures contributions to be made back, the first patent 
owner will not benefit from his contribution even recipients make a follow-on innovation 
based on what has been taken from the project. This may further discourage companies to 
participate and disclose to the project at first place. Because companies are more willing to 
disclose when they realize that they will incur the burdens of disclosing technologies 
sometimes but reap the benefits of spillovers of other’s disclosure at another time (Baron et 
al., 2018). 

When participants are not symmetrically situated, where there is a pure distinctive campaign 
between pure innovators and pure implementers, the conflicting interests can become acute 
(Teece & Sherry, 2015). The OSM project is a hosting R&D tailored to standardization work 
by an SSO, in which licensors and licensees are not unknown parties compare to a 
conventional open source project. Members of ETSI constitutes the main force to push the 
development of the OSM. It is still very likely those who contribute technologies are most 
likely to be the innovator companies or integrated companies who are the usual ones that 
invest in R&Ds and bring their technologies to the standard setting forum. This time, they 
bring to the same forum but encounter a RF license rather than a FRAND license 
commitment. It is hardly to say this will not change the participation. Research shows that the 
IPR policy change of OASIS in 2005 from a FRAND to a multi-track options that include the 
RF license requirement has a significant impact on the composition of organizations joining 
OASIS, with a significant decrease on the share of software producers and an increase of non-
profit research organizations and system integrators (Stoll, 2014). The research was situated 
in an organization that is more software-centric and had less interests in patents than the 
telecommunication sectors that ETSI have been mainly involved with. Arguably, a RF license 
commitment will only be even less favourable to innovators here.  

According to the data until May 10, 2019, the total number of entities that have signed to be 
involved in the project is 119. Among them, 51 are members of ETSI and 68 are Participants 
from stakeholders who are not members of ETSI but have singed to contribute to the 
project.(“List of OSM Members,” n.d.) In total, the numbers reveal a positive reaction from 
industry players to the project. However, it is also important to have a look at the composition 
of these contributors. A research conducted in 2015(Baron & Pohlmann, 2015) showed SEPs 
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disclosed in major telecommunication standards are owned by companies such Qualcomm, 
Inter Digital, Nokia, Siemens, which are not participating in the OSM. Another empirical 
research study listed some companies claimed to own SEPs to 5G technologies (IPLytics, 
2019).8 Again, we are still missing these major companies, except ZTE corporation in 
participating in the OSM.. Although such observation is subjective, and companies change 
activities depending on a particular standard, the composition of companies in OSM shed 
some light on the hypothesis that innovators may be discouraged to join the OSM.  
This participation constraint on innovators further affects decision making power concerning 
ETSI NFV standards. If the standardization will be conducted through the OSM project, say it 
operationally replaces the track through Technical Bodies, the decision power that the 
General Assembly (GA) has will also be replaced by OSM board. The OSM Board is only 
consisted by ETSI members who participate in the OSM projects, while the GA is made of 
the entire “FULL” ETSI members. Considering the 51 Member participants within more than 
800 ETSI members, the majority lose their voting power on the related standardization work. 
Lack of engaging in the process means they have a disadvantage in influencing the NFV 
technology (IV/31.458 - X/Open Group, 1986). One may argue that going to other forums can 
be their choices if they are not happy with what OSM is doing. However, the voluntariness of 
participation in standardization is often illusory. Even companies with significant IPR 
portfolios may conclude that they have little practical choice but to participate in certain 
SSOs, as that may be “the only game in town” (Teece & Sherry, 2015). 

Therefore, the Apache v.2-based IPRs rule in OSM is hard to be endorsed by interested 
parties alike, particularly by innovators. The preliminary observation is that it may not be able 
to provide a “balanced IPRs rule” advocated by the Horizontal Guidelines. The observation is 
based on the presumption that the OSM track will lead to the standardization work and 
replace the TC track as standardization activities. However, in the ToR, the functions of the 
OSM has been restricted to developing reference implementation for ETSI NFV standards, it 
is easily to argue around that such the OSM project is actually separated from the 
standardization work in ETSI and cannot be deemed as standardization agreements prescribed 
in Chapter 7 of the Horizontal Guidelines.9 Even if a part of the project has been transferred 
into final standardization specifications, the asset of the project is more than that. It is then 
hard to apply directly the FRAND requirement from the Horizontal Guidelines to this hosting 
open source project.  
3.5.2 R&D block exemption  

A hosting open source project can be viewed as a collective R&D that involves innovation 
and licensing terms at the pre-standardization phase. It can fall into the scope of R&D 
activity, which according to Article 1 (c), Regulation 1217/2010 “…means the acquisition of 
know- how relating to products, technologies or processes and the carrying out of theoretical 
analysis, systematic study or experimentation, including experimental production, technical 
testing of products or processes, the establishment of the necessary facilities and the 
obtaining of intellectual property rights for the results.” R&D agreements are generally not 
captured by the Article 101 (1), when requirements are meet that they fall in the scope of a 
“R&D block exemption” provided by the Regulation 1217/2010. If we take a close look at the 

                                            
8 The reason to look at 5G technology is that NFV standard is said to be important to realize 5G in ETSI. 
9 In which it says that “Standardisation agreements have as their primary objective the definition of technical or 
quality requirements with which current or future products, production processes, services or methods may 
comply”. Para 257, (EC, 2011) 
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requirements set out in the Regulation 1217/2010, a hosting open source project is very likely 
to enjoy an exemption. 
According to the Regulation 1217/2010, if parties are not “competing undertakings”, the 
R&D agreement shall apply during the R&D period and 7 years after results have been 
exploited and put into market for the first time. “Competing undertakings” include “actual 
competitor” and “potential competitor”.  When standardization work involves future 
technologies, it is only possible to identify “potential competitor”. The requirement to 
establish “potential competitors” under EU competition law is stipulated in Article 1 (t), 
Regulation 1217/2010: 

“ ‘potential competitor’ means an undertaking that, in the absence of the research and 
development agreement, would, on realistic grounds and not just as a mere theoretical 
possibility, in case of a small but permanent increase in relative prices be likely to undertake, 
within not more than 3 years, the necessary additional investments or other necessary 
switching costs to supply a product, technology or process capable of being improved, 
substituted or replaced by the contract product or contract technology on the relevant 
geographic market; ” 
The criteria used here, such as the need to have “a small but permanent increase in the 
relevant prices”, requires an existing market for the assessment, which is difficult to meet a 
standardization context (Drexl, 2012),  let alone a hosting open source project in pre-
standardization phase. 
In a hosting open source project, R&Ds are directing at developing standards where is often 
no existing products or technology markets yet. For instance, the OSM is in parallel with the 
NFV standardization work. It is the foundation for products and services at implementations 
level for future technologies such as 5G and Internet of Things. When the standard is not 
ready yet, it is hard to define a market and to identify actual competitors. Companies involved 
are very less likely to be considered as either “actual competitors” or “potential competitors”. 
It is further confirmed in the Horizontal Guidelines that for many R&D co-operation that at an 
early stage far removed from the exploitation of possible results or when competitors 
generally cannot carry the necessary R&D independently, they do not fall under Article 101 
(1) (EC, 2011�para129 &130).  

Nevertheless, it should be noted that in the Horizontal Guidelines, it also stated that the 
competitive relationship between the parties needs to be analysed in the context of affect 
innovation. If the R&D is directed at an entirely new product (or technology) which creates its 
own new market, price and output effects on existing markets, the analysis has to focus on 
possible restrictions of innovation concerning, for instance, the quality and variety of possible 
future products or technologies or the speed of innovation (EC, 2011�para 138). But what 
constitutes effects on the innovation? Here in the Horizontal Guidelines, the European 
Commission emphasized the need to exam whether such joint collaboration leaves the market 
enough innovation pores to carry out competitive R&Ds. It is questionable that, in 
standardization work through a hosting open source project, the more innovation pores the 
industry have the more positive it affects innovation. For instance, innovating companies who 
used to contribute to ETSI work but did not participate in OSM might form other innovation 
pores to develop NFV technologies/standards. These developments will be outside of a formal 
standard setting forum that cannot benefit standard setting. Vice versa, the ETSI 
standardization process will lose some updates NFV technologies, which is not positive for 
the final result of ETSI standardization work. Considering standardization forum as a 
platform to coordinate innovation, it is hard to say in this case, the possibility of more 
innovation pores has positive effect on innovation.   
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4 Conclusion 
Activities by SSOs often receive a high attention due to the large impact of technical 
standards to our modern society. The trend of utilizing open source in the form of a hosting 
open source project by an SSO is a recent attempt that has not been discussed enough in 
literature. This paper explains that a hosting open source project constitutes a collective R&D 
among competitors tailored for standardization under the umbrella of an SSO. It involves 
innovation efforts from participants, standardization directed activities, and most importantly, 
it involves how competitors agree on exercising their IPRs for its purpose. In order to 
safeguard competition perspective, the SSOs are best positioned to tackle the problems from 
the roots because of the professional knowledge they have and the close relation they are with 
the participants (Liu & Zhang, 2019). One stand of the current paper is that for a particular 
hosting project to have choice to choose from different open source license that catering the 
needs of participants. It can be an Apache v.2, a GPL v.3 or a BSD license, depending on the 
specific needs of the SSOs. 

The nature of a hosting open source project as an activity among competitors decide that it 
has an impact on the innovation market and raises competition law concerns. From the 
analysis in the above, it is very likely that such a hosting open source project will not be 
captured by article 101 (1) under the current EU competition law. It first may not be 
considered fully as standardization activities covered by the Horizontal Guidelines, for which 
the “balanced and clear” IPR rules should apply. When applying the rules for R&D 
agreements, they are generally exempted by the “block exemption”.  
Despite that a hosting open source project is less likely to violate Article 101 TFEU, it calls 
for some regulations from competition law. According to the “safe harbour” in the Horizontal 
Guidelines, a balanced IPRs policy apply to a standardization agreement which is more of a 
static result out of negotiations in formulating the standard. We believe that the balanced 
principle in Horizontal Guidelines for standardization agreements should also be considered 
when dealing with these hosting projects.  
There are several reasons to it. Firstly, R&Ds in pre-standardization activities (a hosting open 
source project is only one of the many), standardization process and even ex post 
standardization activities are closely related. An SSO serves as a forum in a broader sense of 
innovation of the standardization ecosystem. In the reality, it may not always be that easy to 
draw a clear line between standardization activities with other pre-activities. In the old-
fashioned way, technologies that are brought to the forum are almost mature for an SSO takes 
years to make the specifications. In the digital world we live today, innovation takes place in 
an ever-fast pace and leave no room for a standard to take years to come. Many technologies 
that being brought into the forum are under-developed and keep evolving (Larouche & 
Overwalle, 2014). Pre-standardization activities tailored for later on standardizations, which 
can be unilateral or collective R&Ds, are also a part of the ecosystem. They can be steered by 
the same group of people who are doing standardization work to ensure the technologies 
being standardized are coherent (Larouche & Overwalle, 2014). 

The current legislations seem to treat these activities separately. This seems particularly true 
with regard to R&D agreements with standardization activities. Rules in the R&D block 
exemption is meant to address a broader sense of activities conducted by competitors. R&D 
agreements have been positioned as independent activities that industrial competitors will 
engage and might cause anti-competitive effects. Indeed, R&D agreements among 
competitors are common in practice that they do not necessarily lead to standardization 
activities. It cannot read from the legislation that what kind of considerations should be 
considered when an R&D is specifically established for the purpose of standardization under 
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the umbrella of an SSO. However, there are several early EU case laws dealing with the 
interface between joint R&D agreements and standard settings. In the case Optical Fibres 
(IV/30.320 - optical fibres, 1986), joint R&Ds were to some extend established aiming at 
agreeing a global technology and de facto standard and were eventually wound up as formal 
standards approved by an SSO. It calls for taking competition in innovation (conduct on the 
innovation market) into consideration when analysing whether competition law should apply 
(Lundqvist, 2014). 

The other reason is that the participants in these activities (that may potentially conduct anti-
competitive behaviours) are often intertwined. As we have noted elsewhere, previous research 
has shown that anti-competitive behaviours may come from group of companies with 
different business model of different R&D type or their interests in developing IPRs or using 
others’ IPRs as implementers. According to a recent empirical research (Baron & Pohlmann, 
2013), companies are likely to form joint research project to develop technologies and then 
bring these technologies into standard setting contexts, but companies with same business 
models, namely companies focusing on innovations tend to be in a same technology forum. 
Later, in the standardization discussions in an SSO, all types of companies meet again, and 
together with other audiences which are potential implementers to the standard.  

What has been put into R&Ds directing at standardization activities have a highly chance to 
be the standardized technologies later.  Parties who participate in this early phase have the 
power to steer the direction not only the R&Ds but also standard specifications and the 
innovation system that the SSO belongs to. Correspondingly, negotiations among competitors 
may take place as early as in the R&D phase. Parties being excluded from early discussions 
are disadvantaged with regard to the development of the standardized technology (IV/31.458 - 
X/Open Group, 1986). There is always trade-off among these companies with different 
business models. This trade-off may not only happen in the standard setting discussion room, 
they can also happen in R&Ds directed in standardization work in pre-standardization as well. 
Therefore, although “balance of interests” as a principle with regard to IPRs has been put 
forward in the narrow meaning of standardization agreements by the Horizontal Guidelines, it 
should also apply to adjoining activities such as a hosting open source project in an SSO. 

Moreover, innovation consideration should be considered in justifying standardization 
activities. If a “balanced” IPRs rule is important to keep the innovation flow, then the last 
thing we wanted is to break this formula. We can not only rely on current analysis of EU 
competition law which has heavily focused on an existing market to exam a hosting open 
source project. The Horizontal Guidelines has recognized the need to safeguard new markets 
with respect to innovation. It has been emphasized from the perspective protecting 
competition in innovation. R&D agreements that restrict competition in innovation will fall 
into the scope of article 101 (1) (IV/30.320 – Optical Fibres, 1986). No doubt, that 
competition law aims at ensuring a competitive market by protecting competition. However, 
to what extent is innovation itself should also be considered in their analysis is under debate. 
Dynamic competition results in dynamic efficiency which refers to the extent to which new 
products or services are introduced that are heavily rely on innovation.10  For the years 
coming, what is more important than how the static market is allocated is how technologies 
are going to shape new markets.  

Standardization activities are treated leniently because the notion of competition over 
innovation is only acknowledged in legislations to a limited extent (Lundqvist, 2014). The 

                                            
10 M. MOTTA, Competition Policy. Theory and Practice, Cambridge University Press, 2004, p. 40-64.   
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competition law is not best suited to resolve the innovation consideration by simply asking for 
a balanced approach. But this has shifted the responsibility to safeguard innovation from 
competition law authorities to SSOs. The SSOs are still best suited to take innovation into 
consideration. Standardization process must be understood as a form of collective innovation 
and also collective competition, where the result to meet the demands of society as whole 
(Drexl, 2012). The OSM is a plausible step for an SSO to break the conventional way and try 
to bring new forms of innovation into the standardization process. Innovation itself is not easy 
to calculate in such a hosting open source project. It should be noted that our observation that 
the Apache v.2 may discouraging contribution from innovators does not mean it will not fulfil 
the purpose of protecting innovation in the standard setting context. The innovation flow in an 
open source project is not only about companies’ participation, there is also the supply side of 
innovation from individual contributors which cannot be ignored. In choosing an open source 
license that makes everyone happy is difficult, but a careful calculation on weighing how 
much innovation force maybe gained from individual contributors can offset the loss from 
innovator companies should also be taken into consideration. This calculation will not be the 
same for every technology standardization work. For instance, if for a specific technology, 
there are fewer patent rights and having a uniformed standard will be overweighing the 
compromise made for patent rights. Because contributions are very likely to come from an 
open source community rather than companies with large patent portfolio, this may be the 
case to an open source license that are less in favour of patent owners. All these needs 
economic analysis to support.  
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Abstract: Blockchain has led to a new way of storing data and guaranteeing data 
integrity and transparency. However, tensions still remain between blockchain and 
the current legal system, especially data protection law. This paper chooses the 
General Data Protection Regulation (GDPR) in the European Union to identify 
how blockchain can be compatible with the principles of modern data protection 
law and if blockchain can also be a way through which to achieve legal objectives. 
Finally, this paper proposes standardisation as a way to mitigate blockchain’s 
drawbacks and to leverage its advantages. 

1 Introduction: why does the relationship between blockchain and 
data protection law matter? 

Blockchain, as an innovation of a new era of data storage and code self-execution, has been 
an important topic recently. There has been considerable discussion over recent years about 
blockchain technologies (or distributed ledger technology (DLT)) and their potential for the 
digital economy of the future. Although there is some speculation and some exaggerated 
publicity, due to decentralisation and transparency characteristics, people’s imagination that 
this emerging technology will stimulate new business models and markets cannot be stopped. 
Furthermore, a number of policymakers, scholars and entrepreneur have extensively argued 
that in order to apply blockchain to business use, the overarching tension between law and 
DLT must be settled down (Finck, 2018). Indeed, assurance as to legitimacy could to some 
extent boost innovation and eliminate entrepreneurs’ fears of legal repercussions (Finck, 
2019). Meanwhile, legal certainty could also provide consumer confidence, especially when 
deploying the emerging technology (Finck, 2018). Thus, legal certainty is becoming 
increasingly vital in the context of DLT standardisation. 

Confronted with the challenge, data protection law (one of the most relevant laws to the 
digital field) has without a doubt become the first to be influenced. Some have argued that 
especially in the European Union (EU), data protection laws cannot keep pace with the 
development of DLT because the EU’s General Data Protection Regulation (GDPR)1 is 
designed under the presumption that there is a centralised platform (Atzori, 2017). Therefore, 
some notions of GDPR, need to be updated in the context of GDPR. Meanwhile, the design of 
DLT also requires ensuring the compliance with GDPR. Accordingly, standardisation of DLT 
plays a pivotal role in legal compliance. 

                                                
1 GDPR came into force in May 2018. It has become one of the strictest data protection laws in the world. 
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1.1 What is blockchain in law and technology? 

Although numerous proposals and new laws have emerged with the rapid advancement of 
DLT, there is still no exact and precise definition of blockchain in the law. Since the 
development of DLT is still in its early stages, the technology and its related terms and their 
meaning remain uncertain. This could lead to undermining the legal expression regarding the 
definition of blockchain and could cause another legal issue. For example, the State of 
Arizona’s draft bill HB2417 defines blockchain technology as follows: 

‘Blockchain technology’ means distributed ledger technology that uses a distributed, 
decentralized, shared, and replicated ledger, which may be public or private, permissioned 
or permissionless, or driven by tokenized crypto economics or tokenless. The data on the 
ledger is protected with cryptography, is immutable and auditable, and provides an 
uncensored truth.2 

However, such a definition contains various issues related to the wording and the 
understanding of the technology. Because of the complexities, it is not straightforward and 
functional for the courts. First, the wording ‘immutable’ and ‘uncensored truth’ 
misunderstand the technology. Technologically, DLT and other similar technologies are not 
immutable. As there are still some ways to alter the data depending on the different designs of 
the system, it is nonetheless tough to change it although not impossible.3 Second, DLT is 
clearly not omnipotent. It is only a database that stores information in a replicated and hash-
based fashion (Bacon, Michels, Millard, & Singh, 2018). This means that due to some errors, 
false data or incomplete data can be put in.  

Consequently, verification before the data is put into the chain has become important. In a 
similar way, blockchain is also not an ‘uncensored truth’. The notions in such a definition are 
also confusing. For example, the terms ‘distributed, decentralized, shared, and replicated 
ledger’ could lead to misunderstandings by judges and lawyers who do not have engineering 
knowledge. As a result, such a definition in legislation is complicated, especially in the early 
stage of blockchain development. 

From a technological perspective, DLT and such other technologies are digital databases that 
are shared and synchronised, maintained through a consensus algorithm and stored on 
multiple nodes (Giannopoulou & Bodó, 2019).4 Essentially, DLT works through replication, 
which entails that there are frequently numerous points that gather data to support these types 
of databases. Inside the chain, every node, in theory, stores an integral copy of the database 
and can independently update the database (Finck, 2019). Through this decentralised system, 
the data, including personal data, will be collected, stored and processed. Blockchains are 
append-only digital databases where information can be added. However, deletion or 
rectification is only possible in some exceptional conditions (Banerjee, Nikam & Ruj, 2019). 

1.2 What is the conflict between EU data protection law and blockchain? 

The conflicts between DLT and similar technologies and data protection arise because of 
obsolete legislative consciousness and emerging technological improvements. In the EU, the 
implementation of GDPR is based on the platform called the ‘data controller’ or ‘processor’. 
                                                
2 Bill HB2417 State of Arizona https://www.azleg.gov/legtext/53leg/1r/bills/hb2417p.pdf [Emphasis added]. 
3 For example: pruning and chameleon hash could make it to change data. 
4 Some nodes store a local version of the whole database, and some store necessary data and partial ledgers. So 
according to different designs, there will be a distinction between ‘full’ and ‘lightweight’ nodes. 
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Data subject can exercise their rights through ‘data controller’ or ‘processor’ under GDPR. 
However, this first leads to two questions: (i) in the DLT-based database, as there are a 
variety of nodes and actors involved, how can the data controller or processor by specifically 
defined? (ii) In relation to the above analysis, if the original notion still works, how should 
responsibility and accountability of (joint-) controllership be allocated. (iii) In the context of 
non-third-party databases, who will enforce the data subject’s claimed rights? 
Most of the modern data protection laws, such as GDPR, suppose that the data stored in 
digital databases can be modified or erased, so that the interests of the data subject can be 
preserved and remedied in a false data or incomplete data situation. As a consequence, Article 
16 and Article 17 give the data subject the right to rectification and the right to erase.5 
However, blockchain and other distributed technologies are designed for a tamper-evident 
database. Making modifications to the data can be extremely burdensome in order to 
guarantee data integrity and to expand trust in the system. However, as it has been 
demonstrated in the above analysis, making changes is not impossible. 
Additionally, the blockchain system can contravene GDPR principles, such as data 
minimisation and purpose limitation. When new data is added to a whole network, in theory 
every node stores an integral copy of the database or at least the index of the database in order 
to ensure the integrity and transparency of data throughout network. However, although this 
mechanism could lead to trust in the internet, it may breach data minimisation principles. This 
is because data minimisation requires that personal data be sufficient, significant and 
constrained to what is vital, in accordance with the reasons for which the data is collected and 
processed.6 Thus, the question remains whether ensuring data integrity and transparency in 
the whole database system constitutes the ‘necessary purpose’.7 

1.3 Purpose of this paper 

Based on the above analysis, there are inherent incompatibilities between blockchain or DLT 
and data protection law. This paper aims to analyse this conflict, mainly using GDPR as a 
prototype of modern data protection law. In order to achieve this goal, the paper will first 
investigate the GDPR’s framework and notions, then will endeavour to apply these to DLT. 
Then, it will identify how standardisation could help DLT to comply with GDPR and how 
policy and legal guidance could influence the blockchain standardisation. Finally, the paper 
will then analyse whether DLT could help achieve to some legal objectives like ‘code as law’ 
(Yeung, 2019). 

2 The role of data protection law when the data is on a chain 
Due to the characteristics of DLT, the data stored on the chain is encrypted and can achieve 
data integrity. Most of the data has gone through a hash encryption and an asymmetric 
cryptography algorithm. This to some extent can protect personal data, but is this 
measurement enough? How can data protection law define this process? 

2.1  What if on-chain data could be qualified as personal data? 

Article 4(1) of the GDPR stipulates that: 
                                                
5 It is also called the ‘right to be forgotten’. 
6 See GDPR Art. 5(1)(c). 
7 Ibid. 
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‘personal data’ means any information relating to an identified or identifiable natural 
person (‘data subject’); an identifiable natural person is one who can be identified, directly 
or indirectly, in particular by reference to an identifier such as a name, an identification 
number, location data, an online identifier or to one or more factors specific to the 
physical, physiological, genetic, mental, economic, cultural or social identity of that 
natural person.8 

This means as long as the data subject is identified or identifiable, the data is still personal 
data and so should definitely fall within the scope of data protection law. No matter how the 
data subject is identifiable through the personal data (directly or indirectly), the data should be 
qualified as personal data. However, with the swift development of computer science, it is 
becoming increasingly easier to identify natural persons through the combination or 
aggregation of different data sets. 
GDPR also interprets the term ‘any information’ broadly, incorporating subjective 
information (e.g. subjective opinion, evaluations and even choices) and objective information 
(e.g. gender, employment status, or other information that exists objectively). Thus, in order 
to assess if the data constitutes personal data, it must be analysed in the context of the 
scenario and its usage. 

In the Peter Nowak v Data Protection Commissioner case, the Court of Justice of the 
European Union (CJEU) concluded that personal data should not be limited to sensitive or 
private information. Rather, as long as it is related to the data subject, it may be qualified as 
personal data.9 This broad interpretation of personal data expands the material scope of data 
protection law. Some scholars even argue that everything in daily life may related to data 
protection law (Filippi, 2016). 

In terms of blockchain data storage, information is generally gathered into every block that is 
added into the existing database through a consensus algorithm. This mechanism renders 
modifications more troublesome. This is the reason why some suppose that this tamper-
evident nature is the key value of such a system. In this scenario, it is difficult although not 
impossible for the data in the DLT to be altered, as was the case in the DAO hard fork attack 
in 2016 (Siegel, 2016). 

DLT systems rely on asymmetric encryption, which means that public keys and private keys 
play an important role in every transaction and data transformation process. A public key is a 
type of string consisting of letters and numbers, which can disseminate information widely. 
Only the receiver who holds the private key (also a string of letters and numbers) can decrypt 
the content.10 This mechanism can be understood as the relationship between a username and 
a password, although both keys have a mathematical relationship. DLT systems use 
asymmetric cryptography as a way to generate digital signatures. 
There are various manners to store data in the DLT system. However, most blockchains store 
these two types of data: first, the header incorporates the time stamp, the original source of 
the information, the location and the past hash value; second, the block content (or payload) 
stores the main content of the data including the transaction and the session (Marx, 2018). 
The headers are not normally encrypted whereas the payload is. 

                                                
8 Art. 4(1) GDPR [Emphasis added]. 
9 Case C-434/16 Nowak [2017] EU:C:2017:994, para 26. 
10 See Wikipedia, Public-key cryptography, available at https://en.wikipedia.org/wiki/Public-key_cryptography 
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Through the asymmetric encryption, the combination of the public key and the private key 
can identify the user, in other words, the natural person. Although the public key does not 
attribute any personal information, it can still indirectly identify a natural person. Meanwhile, 
through Public Key Infrastructure (PKI), IP addresses and other physical information can be 
traced to help with identification. According to the GDPR and the CJEU’s precedents, the 
public key and the content encrypted in the block both qualify as personal data and so fall into 
the scope of the GDPR. 

2.2 Data anonymisation and pseudonymisation in the context of blockchain 
and data protection law 

Data anonymisation and pseudonymisation are a new category in modern data protection law 
in the GDPR. Unlike the pseudonymous data, once the data is processed by anonymisation, 
the GDPR will not apply (see Recital 26 GDPR). This generates the question of whether the 
data in the blockchain or in other DLT forms can be categorised as anonymous or 
pseudonymous data. 
Recital 26 of the GDPR specifies that: 

the principles of data protection should apply to any information concerning an identified 
or identifiable natural person. […] To determine whether a natural person is identifiable, 
account should be taken of all the means reasonably likely to be used, such as singling out, 
either by the controller or by another person to identify the natural person directly or 
indirectly. To ascertain whether means are reasonably likely to be used to identify the 
natural person, account should be taken of all objective factors, such as the costs of and the 
amount of time required for identification, taking into consideration the available 
technology at the time of the processing and technological developments. The principles of 
data protection should therefore not apply to anonymous information, namely information 
which does not relate to an identified or identifiable natural person or to personal data 
rendered anonymous in such a manner that the data subject is not or no longer identifiable. 
[…]11 

This recital first states that pseudonymous data is also a type of personal data. In line with 
this, anonymous data should be excluded in the application of GDPR. To decide if the data is 
still identifiable, ‘all the means’ and ‘all objective factors’ shall be considered. If the 
individual information is no longer likely to be reasonably attributed to a natural person by 
the aggregation of extra information, it should be categorised as anonymous data.  
Article 29 Working Party (Art. 29 WP) declared in 2014 that anonymisation must render the 
anonymous data irreversibly from original data to prevent re-identification (Art. 29 WP, 
2014). Consequently, the threshold of anonymous data is quite high under the GDPR. 

Information stored in DLTs mainly uses two types of encryption: hash encryption and 
asymmetric cryptography. For hash function, Art. 29 WP states that hashing technology can 
process data to pseudonymisation, not anonymisation. There is still the possibility to link a 
data subject with the hashed data. When the scope of entered data is unveiled, the 
unencrypted information can be inferred reversely through the hash value. 
A recent experiment illustrates, for example, that using the hash function to encrypt all 
existing email addresses globally (about 5 billion addresses) would take only about ten 

                                                
11 Recital 26, GDPR [Emphasis Added]. 
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milliseconds and would cost less than one hundredth of a U.S. dollar (Acar, 2018). Through a 
comparison of hashed strings, attackers could easily deduce the original email addresses. As a 
result, after encryption by a hash algorithm, the linkability between encrypted data and 
original data should receive attention. 
To conclude, the personal data stored on DLTs in plain text apparently maintains personal 
characteristics. If the data is encrypted through a hash algorithm or through asymmetric 
cryptography, the data can be replayed or accessed with additional information, such as the 
private key. This means that the procedure cannot be identified as an anonymisation in the 
legislation. In particular, when the encrypted data generates an influence or a legal effect on 
the data subject, the encrypted data can still be linked to the user.  
Indeed, encryption and cryptography are the sorts of techniques that can achieve 
pseudonymisation under the GDPR. However, the user can be identified indirectly, so 
therefore, the encrypted data is still identifiable. However, adopting such a technique also has 
legal advantages: it can decrease the users’ risks. It is also endorsed by the GDPR which 
states that the application of pseudonymisation can help controllers and processors meet their 
data-protection obligations.12 Hence, transactional data, public keys and hashed data are 
considered individual information when it comes to the motivations behind the GDPR. 

3 The challenges arising from data subject rights, principles and 
blockchain 

The GDPR gives individuals numerous specific rights, which are meant to remedy individuals 
when the internet poses a threat to their interest. In this section, this tension will be examined 
through the ‘right to be forgotten’, ‘right to rectification’ and the principle of ‘data 
minimisation’ respectively. 

3.1 Right to be forgotten 

The right to be forgotten is one of the pivotal new rights that the GDPR intends to balance 
between the data subject and the platform. Article 17 of the GDPR stipulates some of the 
circumstance where rights holders can claim their rights: 

The data subject shall have the right to obtain from the controller the erasure of personal 
data concerning him or her without undue delay and the controller shall have the obligation 
to erase personal data without undue delay where one of the following grounds applies: (i) 
the personal data are no longer necessary […] (ii) the data subject withdraws consent […] 
(iii) the data subject objects to the processing […] (iv) the personal data have been 
unlawfully processed; (v) the personal data have to be erased for compliance with a legal 
obligation in Union or Member State law (vi) the personal data have been collected in 
relation to the offer of information society services referred to in Article 8(1).13 

According to this article, data subjects can control their personal data to achieve self-
autonomy of personal information. If the above conditions are satisfied, the data controller 
must aid users to erase their data without delay. The advantage of the DLT system is that it is 
tamper-resistant, but this is also its greatest disadvantage in terms of compliance with data 
protection law. There are several inherent difficulties with applying the right to erasure to 

                                                
12 See Recital 28 and also https://www.i-scoop.eu/gdpr/pseudonymization/ 
13 Child’s Consent; select the key points Article 17 GDPR 
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DLTs. Some scholars argue that a straightforward application of Article 17 to blockchain will 
be impossible (Finck, 2019). 
First, although not impossible, the modification and erasure of data in DLT-based systems are 
both troublesome. This is because this kind of database is intentionally devised to make 
erasure and modification burdensome in order to create online trust, transparency and data 
integrity. When the consensus algorithm is used, all of the nodes verify the integrity of the 
data backwards. After the verification, all legitimate data is assigned to all the nodes. This 
means that theoretically, all the nodes store the relevant data. 
Therefore, the first issue with applying Article 17 GDPR to DLTs is related to technology and 
design. Nevertheless, regardless of whether there would be a manner for guaranteeing 
compliance of Article 17 from a technical aspect, it might be inherently difficult to get all 
nodes to make related changes in their own digital ledger, especially in the public chain. 
Given this, in order to alleviate this tension, the notion of erasure in GDPR must be 
scrutinised. Part four of this paper will underline the uncertainty of this terminology and will 
provide relevant suggestions for the standardisation of DLTs in order to evaluate if the right 
to be forgotten can be implemented in the context of blockchain. 

3.2  Right to rectification 

Similar to the right to be forgotten, the right to rectification is also a vital remedy for data 
subjects when incomplete data or erroneous data is stored. Article 16 GDPR states that: 

The data subject shall have the right to obtain from the controller without undue delay the 
rectification of inaccurate personal data concerning him or her. Taking into account the 
purposes of the processing, the data subject shall have the right to have incomplete 
personal data completed, including by means of providing a supplementary statement.14 

In light of this Article, the EU data protection law entails that individual information must be 
accurate and updated. Under this article, data subjects can exercise their right though two 
parts: (i) rectification of inaccurate data; (ii) completion of incomplete personal data including 
through providing a supplement statement. However, the legislation and precedents do not 
provide specific guidelines on how to implement this in practice. The reason why this right is 
also difficult to enforce is parallel to the erasure right. Because of the DLTs design 
characteristics, it is not easy to modify on-chain data. The specific issues are listed below: 

1. In the context of DLT-based databases, the data subjects cannot easily identify any or 
all of the data related to themselves in the DLT’s full nodes. Thus, ascertaining 
mistakes can become harder than before. 

2. After the inaccurate data related to the data subject is identified, achieving 
modification and rectification is troublesome. Because of the DLT’s tamper-
resistance, any deletion or rectification is difficult. Even though some of the nodes 
accept changes, the rectification cannot be recognised if the majority of the nodes do 
not change the data. 

3. Article 19 of the GDPR stipulates that the data controller must convey any 
rectification or modification of individual information to every receiver or processor 
who received such unveiled data. However, due to the amount of nodes, this 
responsibility seems impossible under DLT. 

                                                
14 Art. 16 GDPR [Emphasis added]. 
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Based on the above issues, some contend that this provision cannot be directly enforced in a 
DLT scenario (Berberich & Steiner, 2016). However, the purpose of this Article is to 
complete or correct the incomplete or inaccurate data. The provision also sets out that 
providing a supplementary statement could be one of the means to implement this task. 
Therefore, there is space to consider if the supplementary data added into an existing chain 
without deletion or modification of the original data can be qualified as the implementation of 
the right to rectification. This may be the easiest way to enforce the rectification right to 
append-only ledgers, but it does not really solve the problem. A further solution will be 
discussed in Part 4. 

3.3  Data Minimisation 

As one of the principles of modern data protection law, data minimisation plays quite a 
crucial role in GDPR. However, the essence of data minimisation is significantly inconsistent 
with data storage on the DLT database. Article 5 (1)(b) of the GDPR demands that data be 
collected for specified, explicit and legitimate purposes and not further processed in a manner 
that is incompatible with those purposes. Further processing for archiving purposes in the 
public interest or for scientific, statistical or historical research purposes shall, in accordance 
with Article 89(1), not be considered to be incompatible with the initial purposes. This 
provision is called purpose limitation.15 
Meanwhile, as Article 5 (1)(b) of the GDPR states, personal data shall be adequate, relevant 
and limited to what is necessary in relation to the purposes for which it is processed. This is 
called the data minimisation principle.16 Moreover, Recital 39 of the GDPR also requires that 
personal data should only be processed if the purpose of the processing could not reasonably 
be fulfilled by other means.17 

Compared with blockchain, the design idea is to use data replication and distributed storage to 
realise transparency and data integrity. If there is a new element added into the DLT database, 
it will permanently remain on the chain. Hence, DLT is a growing database, which increases 
with each additional block and accumulates more data. In theory, every node stores the full 
copies of the database coordinated by a consensus algorithm. 
Given this analysis, there actually is a conflict between data minimisation requirements and 
the DLT system. Accordingly, a clear and appropriate interpretation of the purpose limitation 
principle and data minimisation principle may be compulsory. Part 4 of this paper will look at 
the suggestion of DLT standardisation. 

4 Blockchain standardisation in the context of data protection law 
According to the above discussion, it is clear that there are some conflicts between DLT and 
data protection law (Buterin, 2016). However, they are not inherently incompatible. From 
some technological, legal and standardisation perspectives, DLT and data protection law can 
both compromise to adapt to each other. This section of the paper will deliver an analysis of 
the standardisation of DLT and will endeavour to mitigate this tension. 

                                                
15 Article 5 (1)(b) GDPR; See also Article 89(1) GDPR. 
16 Article 5 (1)(b) GDPR. 
17 Recital 39 GDPR. 
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4.1  Assignment of data and off-chain storage 

Due to the large scale of storage in DLTs, nodes can spread all over the world, which can 
influence the application of ‘controller’ and ‘processor’ notions in the GDPR. However, 
GDPR has partially considered technology development. Thus, it provides a ‘joint-controller’ 
notion.18 When two or more controllers jointly determine the purposes and means of data 
processing, they shall be joint controllers. 
In light of the CJEU precedents, this notion should be interpreted broadly to ensure the 
effective and complete protection of data subjects.19 In Wirtschaftsakademie Schleswig-
Holstein case, an education institute used Facebook to manage their fans. However, when 
their fans used this function, a cookie was placed on their device without notification.20 
Accordingly, as the institute agreed with Facebook’s cookie-policy, it qualified as a joint-
controller. 21  In Jehovan Witnesses case, the court also interpreted the notion of joint 
controllership broadly.22 

Therefore, to some extent, the threshold to be a joint controller is quite low. However, the 
GDPR also provides some exceptions when judging if the data holder should be a controller 
or a joint controller. If the collection and processing activities are purely for personal or 
household purposes, the regulation does not apply.23 Meanwhile, Recital 18 clarifies that there 
should be no connection to a professional or commercial activity.24 Thus for private and 
permissioned DLT or consortium blockchain, this may be a way to ensure compliance with 
GDPR. Consequently, there should be a standardisation of private chains. If they are intended 
to be used for personal services, there must be no connection to a professional or commercial 
aim. 
For public chains, standardisation is important for the user areas and nodes First, the 
standardisation of DLTs should create a communication manner in order to deliver 
information on when the controllers or processors have to implement their responsibilities. 
Because nodes initiate each transaction and store the transaction data in their own database, 
nodes should be qualified as controllers. Nodes also has equal influence and freedom to 
choose a certain blockchain network. Thus, it is one of the most importance part in DLTs. 
Such standardisation should strive to ensure the nodes’ compliance. When infringements 
occur, nodes should be able to respond. 
Some scholars argue that off-chain data storage will be very helpful for compliance with data 
protection laws. Indeed, off-chain storage allows for the removal of linkability between the 
hash and the original data so that it can achieve the erasure task. It is also easier to comply 
with other legal requirement (such as data minimisation).25 To some extent, it is a valuable 
alternative. However, the aim and advantages of deploying blockchains is that this system 
could provide complete transparency and verifiable proofs about stored data. If the data is 
stored offline, maintaining strong transparency and security will be crucial as some have 
                                                
18 Article 26 GDPR. 
19 Case C-210/16 Wirtschafsakademie Schleswig-Holstein [2018] EU:C:2017:796, para 16. 
20 Ibid. 
21 Ibid. 
22 Case C-25/17 Jehovan todistajat [2018] EU:C:2018:551. 
23 Article 2(2)(c) GDPR. 
24 Recital 18 GDPR. 
25 See Part 3(c). 
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shown that once the data goes off-chain, the whole database will be vulnerable (Filippi, 
2016). Therefore, standardisation should pay more attention to data off-chain maintenance. 

4.2  Anonymisation vs. pseudonymisation 

Give the above analysis, anonymous data and pseudonymous data could also be alternatives 
for compliance with GDPR. However, noting the use of hash to encrypt data, there is still the 
possibility that the information relating to the data subject could be inferred. Nevertheless, 
there are some emerging techniques that may constitute anonymous data. These technologies 
could attract the attention of blockchain standardisation. 
Salted hashes and peppered hashes are possible ways of achieving data anonymisation. Before 
using the hash function, a random value is selected and added to the attribute that is hashed. 
Compared with the normal hash function, a salted hash can reduce the likelihood of deriving 
the input value (Finck, 2019). However, although the possibility that original data can be 
inferred from salted hashed data is very low, there is still the possibility of linkage. Article 29 
WP states that this technique is not able to generate anonymous data as calculating the 
original attribute value hidden behind the result of a salted hash function may still be possible 
within reasonable means (Art. 29, 2014). 
Peppered hashes depend on a secret key (the 'pepper') as an additional input (Finck, 2018). 
Thus, to some extent, peppered hashes have stronger anonymous characteristics than salted 
hashes. Such technology makes identification impossible. It remains possible in theory at 
least. Article 29 WP also concurs that peppered hashes provide powerful assurances that it is 
substantially difficult for hackers to reverse the function without knowing the key as the 
possibilities to be tested are sufficiently numerous to be impractical (Art. 29, 2014). Rather, 
the data controller can replay the function on the attribute using the secret key. 

As a result, hashes should in some circumstances qualify as anonymous data. Blockchain 
standardisation should provide clear guidance for usage and should stipulate which technique 
could be optimised in which scenario, especially in terms of compliance with data protection 
laws.  

Moreover, Article 29 WP provides the criteria of data anonymity, as well as if the data is still 
identifiable and irreversible. This document demonstrates that in practice, the controller first 
needs to assess if it is still possible to single out an individual; second, the controller must 
assess if it is still possible to link records relating to an individual; third, the controller must 
assess if data concerning an individual can still be inferred. If these questions are all answered 
by ‘no’, the data can be recognised as anonymous data (Art. 29 WP, 2014). Therefore, based 
on these three criteria, blockchain standardisation should provide more specific and practical 
guidance and standards. 

4.3  Data protection rights and principles vs. blockchain 

In terms of data protection rights, the most important thing is to make sure what the terms 
specifically mean when rights holders exercise their rights. A common understanding of the 
right to erasure ought to be deleted completely. However, in the Google Spain case, the court 
ruled that the delisting of data from search results was considered to amount to erasure, 
although the plaintiff did not require deletion of the original data. This precedent may indicate 
that the GDPR requires data controllers to hold the erasure responsibility and that this may be 
another alternative to achieve ‘right to be forgotten’ when there is technical obstacle to 
enforce it directly. Although this method remains uncertain, controllers can adopt it when 
there is no other choice. It also requires that the standardisation help the legislation to figure 
out to what extent the data is to be removed and erased. 
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Apart from this, there are also tentative technological manners to achieve the implementation 
of rights under the GDPR. First, the destruction of private keys could become a common 
method, but this is still a trade-offs method. Without private keys, encrypted data cannot be 
accessible only with a public key. The French data protection authority Commission 
Nationale Informatique et Libertés (CNIL) also announced that erasure could be obtained 
where the keyed hash function's secret key was deleted (Commission Nationale Informatique 
et Libertés, 2018). However, under this method, the original data still exists, but cannot be 
accessed by anyone. Therefore, how to normatively achieve deletion of data on blockchain 
still needs standardisation to confirm. 

Another method is to use chameleon hashes and pruning to achieve a redactable block. 
Pruning enables data to be removed from blockchains when it is no longer needed (Martinez, 
2018). It could likewise be used to erase old, no longer vital data in more established blocks. 
Similarly, chameleon hashes change the data of blocks by approved by administrators under 
specific limitations (Ateniese et al., 2017). However, it is still problematic. In the event that 
the lock key is destroyed or lost, the chain returns to being tamper-proof (Ateniese et al., 
2017). This mechanism may need to reintroduce trusted third parties such as special bodies or 
arbitrators. One may then need to reconsider why it is necessary to deploy blockchain-based 
applications (Ateniese et al., 2017). It is also important that under this method, miners also 
could choose whether to accept the changes or not. Therefore, it also needs standardisation in 
practice. 
Data protection by design and by default is a new notion provided by the GDPR. Based on the 
development of emerging technologies, especially for blockchain, it has become increasingly 
crucial to design a privacy-friendly DLT. Thus, in the process of design and standardisation, it 
is important to consider data protection and privacy elements. 

4.4 The standardisation of DLT in the context of data protection and privacy 

With the development of blockchain, some SSOs have already provided a variety of 
standardisation and technical specifications. Table 1 lists some of these standards and reports. 

Table 1: Identification of ISO Standardisation for DLT 
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As Table 1 shows, the International Organization for Standardization, or ISO, has developed 
and published several blockchain standards and research pieces relating to standardising DLT. 
The World Wide Web Consortium (W3C) has also generated a format standard for 
blockchain based on ISO20022 and has also provided guidelines for usage of storage 
including torrents, public and private blockchains, side chains and CDN (Gramoli & Staples, 
2018). Although some of the research pieces have considered legal aspects, they mainly 
focused on the legal nature of smart contracts and endeavour to eradicate potential 
ambiguities when contracts are signed or implemented. 
Accordingly, only some of the research pieces have considered data protection and privacy 
requirements in the standardisation of blockchain. Based on the GDPR’s demands, data 
protection by design and by default is essential for emergent technologies. There are several 
legal repercussions if the design of DLT is not approved by legislators. First, GDPR is one of 
the strictest data protection laws. The supervisory bodies have the power to fine the 
controllers or processors up to 20 million euros, or in the case of an undertaking, up to 4 % of 
their total global turnover from the preceding fiscal year.26 Moreover, Roman Matzutt et al. 
have shown that the misuse of DLT could lead to illegal content being disseminated in the 
whole chain (Matzutt et al., 2018). For example, any inserted child pornography could make 
the entire blockchain illegal for all users. Matzutt et al.’s quantitative research showed that 
1.4% of Bitcoin’s transaction contained arbitrary data (Matzutt et al., 2018). Although most of 
the data was not harmful, the inserted arbitrary data could have put the whole system at risk. 
Thus, given the above discussion, standardisation and legal compliance of DLT is essential. 
Data protection factors should be considered not only for interoperability but also to 
safeguard the users’ rights. 

According to the analysis of the relationship between GDPR and DLT, to mitigate the 
tension, standardisation is an alternative in ensuring interoperability between multiple DLT 
applications. Confronted with these conflicts, standardisation would be required for taxonomy 
to clarify the precise meaning of different terms, for example, the meaning of data erasure, 
data modification, (Joint-) controller or processor, and also to clarify to what extent data can 
be collected in minimisation. Furthermore, the standards of DLT should identify a certain way 
to help data subjects exercise their rights. For example, how can users amend or complete 
their incorrect or incomplete information on the chain? In what scenarios can users delete 
their existed information and how? Therefore, standardisation should ensure that basic 
requests by data subjects be achieved in a blockchain environment. In this context, more 
detail standards on anonymisation and pseudonymisation of data on blockchains would be 
                                                
26 According to Article 83(5), GDPR. 
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appreciated. Under anonymisation, the data stored on blockchains can bypass the data 
protection laws. Pseudonymisation can be regarded as a manner to reduce risk and a 
protective measure.27 Finally, another challenge is how storage of off-chain data could be 
standardised. Although blockchain can protect data integrity and ensure transparency, how 
can security and legal compliance with data protection laws be ensured when data is 
downloaded or separated from the chain? 
This are also some drawbacks associated with the standardisation of DLT. As an emerging 
technology, early standardisation may limit the development and adoption of improved 
technology (Deshpande, Stewart, Lepetit, & Gunashekar, 2017). Strict standards can reduce 
the number of basic misunderstandings. However, there should be a method that leaves 
flexibility and malleability to support future blockchain innovation. 

5 The chance of using blockchain to realize the objectives of data 
protection law—code as law 

Blockchain and other DLTs can also aid data protection laws to achieve their legal objectives 
(Lessig, 1999). Because of the DLT’s characteristics, it is easier to ensure transparency and 
give data subjects control over their own data. According to the principle of data autonomy, 
Recital 7 GDPR also highlights that natural persons should have control of their own personal 
data.28 As a recent EU parliament report stresses, DLT can offer solutions for data protection 
by design in the GDPR implementation and can ensure data security and data self-governance 
(European Parliament, 2018). 
Through DLT and DLT-based applications, users can easily track what has happened to their 
personal information and users can also authorise certain institutions to access their data 
(Gaetani et al., 2017). At this stage, data subjects cannot achieve such a function. However, 
they can be relieve afterwards when the infringement has happened (Carolan, 2016). 
Especially when it comes to sensitive data or public charities, public chains or permissionless 
chains play a better role. There are some precedents of this in the EU. In Estonia, DLT helps 
protect patients’ sensitive health data (European Union Agency for Fundamental Rights & 
EDPS, 2018; Jalakas, Pazaitis, & Kostakis, 2018). Through such mechanisms, DLT can keep 
the data secure through a decentralised data management protocol. Users can choose who can 
access their health data and the DLT will monitor and record all access (Finck, 2019). 
Not only can the DLT network help protect users’ interests, it also can protect industrial 
interests in the digital economy. The specific design of blockchain can promote data-sharing 
in various fields (Lessig, 2003). This is also one of the GDPR’s goals given that the aim of 
this legislation is to promote free data flows. The DLT system will help the EU achieve a 
digital data exchange market, as data has been identified as a raw material (European 
Commission, 2018). Through DLT, data trade becomes feasible without a third party. Thus, 
some researchers argue that the advancement and application of DLT will boost the 
establishment of a new system for trust, transparency and privacy in the future (Maxmen, 
2018). 

However, it must be emphasised that blockchain and DLT must never accomplish these goals 
automatically. Instead, they must be intentionally designed through standardisation. Indeed, 

                                                
27 Recital 46, GDPR. 
28 Recital 7, GDPR. 
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blockchain and DLT can simultaneously implement new forms of data management and 
sharing functions, and their function as a tool serving e-privacy compliance should be further 
studied through interdisciplinary research. In the end, it must be underlined that DLT is not 
omnipotent. However, targeted designs and appropriate deployments of this technology are 
moving in the right direction. Thus, standardisation of blockchain is playing significant role, 
especially as this technology is malleable. 

6 Conclusion 
This paper has, through five parts, mainly analysed the relationship between EU data 
protection law and DLT. First, the paper briefly introduced why data protection laws and 
blockchain matter. Second, it analysed what happens when data is stored on a chain in the 
context of the GDPR. Third, it analysed the conflict between the rights in the GDPR and 
DLT. Fourth, it provided some solutions through standardisation and legal guidance. 

Finally, this paper raised that DLT also can be a means to achieve the legal objectives of data 
protection law. Although there are some tensions between blockchain and the GDPR, they are 
not reconcilable. Rather, the standardisation of DLT and further guidance from a legal 
perspective will ensure a harmonious coexistence and will promote their development. This 
research has put forward three suggestions for standardisation. First, for the assignment of 
data and off-chain storage, standardisation of DLT should pay more attention to data off-
chain maintenance. Second, regarding anonymisation and pseudonymisation, blockchain 
standardisation should provide more specific practical guidance and standards based on the 
three criteria provided by Article 29 WP. 
Lastly, based on the conflicts between data protection rights and principles and blockchain, it 
is crucial to specify the guidance in practice through blockchain standardisation. New 
explanations of legislation and policy and new standardisation can also promote compliance 
between data protection laws and blockchain. Another point to be highlighted is that data 
protection by design and by default are vital in the design of blockchain. Thus, 
standardisation and industrial norms should play a bigger role. 
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Abstract: Driving by information technologies specially cloud computing and big 
data, recent years have witnessed a rapid emergence and expansion of platform 
business. It is witnessed that many industrial leading enterprises have taken great 
efforts to transform and upgrade into platform organizations, thus to adopt 
platform business strategy to consolidate the leading position in the market, for 
sustainability in the other word. In recent years’ China, with well-adopted platform 
business strategies, many traditional industry leading enterprises have achieved 
better performance both in domestic and oversea market. Moreover, apart from 
traditional industrial leading enterprises, it is also witnessed that many new 
industrial entrants, or emerging enterprise, also gradually catch up with the 
frontiers by adopting appropriate platform business strategies, especially with the 
help of information technologies. This paper aims to further extend the 
understandings about the standardization including construction and adoption, as 
well as the sustainability of digital platform, especially within big data context. By 
adopting in-depth case study from a Chinese internet-based enterprise – The 
Greentown E-Company, a conceptual framework is developed for achieving the 
aim of this research. Through qualitative case study, both theoretical contribution 
and practical implications are given in this work. 
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1 Introduction 
Driving by information technologies specially cloud computing and big data, recent years 
have witnessed a rapid emergence and expansion of platform business. It is witnessed that 
many industrial leading enterprises have taken great efforts to transform and upgrading into 
platform organizations, thus to adopt platform business strategy to consolidate the leading 
place in the market. For instance, amongst the top 15 ‘billion-dollar’ enterprises, 11 of them 
are platform providers, including Apple, Google, Amazon and Facebook, etc. In recent years’ 
China, with well-adopted platform business strategies, many traditional industry leading 
enterprises have achieved better performance in market, e.g. Alibaba hatched its Ali Cloud 
platform to provide high-performance big data computing capability and standardized 
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business process for the users. All these well-diffused platforms have granted considered 
profits and market share for the enterprises, thereby consolidated the leading places for the 
industrial leading enterprises. Nevertheless, platform businesses change the normality and 
dynamics of a market. In the booming era of information technology, specially cloud 
computing and big data technology, apart from the traditional giants in industry, it is also 
witnessed that many industrial new entrants, or emerging enterprise in the other word, have 
successfully establish their own platform business thus to entrant the market and even 
dominate the market as a latecomer in short time. In a word, in the current business context, 
especially with cloud computing and big data technology, more and more enterprises have 
interests in transforming and upgrading into platform enterprise to launch platform business.  
The platform business strategies have attracted massive interests both from academic and 
market field. Nevertheless, reviewed literature indicated that most existing studies on 
platform business tended to analyses existing platforms in static manner, especially wild 
about interpreting how a successful deployed platform worked or how a successful platform 
enterprise operated with its platform (Gawer and Cusumano, 2014). Nevertheless, in reality, 
more and more enterprises are seeking to transform or upgrade into platform enterprises, 
which means more theoretical guidance and practical experiences are demanded, especially 
for emerging enterprises. Therefore, more studies are suggested to understand the 
mechanisms of how a successful platform business is actually established and diffused, 
especially within the context of big data. In addition, in actual market competition, it is 
always observed that some new platforms emerge and dominate, while somehow it might be 
replaced by the latecomers later on.  
Nevertheless, we also witnessed some dominating platforms still operates well within the 
market competition. The phenomenon inspires us to think about the sustainability of platform 
business, like how to construct competitive advantages for the platform, or to find the 
mechanism or the original source where its competitive advantages generate? Related 
platform studies still need to be extended. Therefore, for bridging the divides between the 
witnessed phenomena and constraint literature, this paper aims to further extend the 
understandings about the standardization including construction and adoption, as well as the 
sustainability of digital platform, especially within big data context. The questions for this 
research to answer are: 1. In terms of standardization, how to establish and diffuse a digital 
platform successfully, especially within big data context? 2. How a digital platform achieves 
sustainability during standardization, especially within big data context? 

This research applied qualitative case study as methodology. The experiences of a Chinese 
enterprise who have successfully adopted platform business strategy with information 
technology are selected as a case study. Both documentary research and semi-structured 
interviews are adopted. The structure of this paper: the next section presents reviewed 
literature and summaries theoretical foundations; the third section constructed a conceptual 
framework for understanding the research questions that purposed; in the fourth section, 
research design is detailed demonstrated; then case study is narrative in the fifth section; 
section six discusses the case and concludes this research at last. 
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2 Literature 

2.1 Digital Platform Business 

Business model summarizes how the company manages its business process to create, deliver 
and capture the value it provides (Hawkins, 2004). In a two-sided market, a platform can 
create value in different ways via interacting with the participators (Evans and Schmalensee, 
2008). Enterprises in IT sector such as Apple, Amazon and Google are witnessed to play a 
central and orchestrating role in the platforms. Current management research on technological 
platforms is mainly divided and limited in two theoretical steams: one understood the concept 
from economic theory, the other inspired from technological architecture perspective (Gawer, 
2014). These perspectives developed separately, as economics sees platforms as different 
types of markets and mainly focused on platform competitions (Rochet and Tirole, 2006; 
Boudreau, 2010), while the other steam views platforms as modular technological 
architectures which focused on platform innovation (Eisenmann et al., 2011). 
Scholars in economic field view platforms as special types of markets. This is because the 
platform normally facilitates the exchange between participators, who are difficult to connect 
with each other in previous (Gawer, 2014). The theories that mostly referred in this stream are 
widely known as “two-sided markets” or “multisided markets” (Rochet and Tirole, 2006; 
Evans and Schmalensee, 2008; Rysman, 2009). Specifically, Evans and Schmalensee (2008) 
define the concept as “businesses in which pricing and other strategies are strongly affected 
by the indirect network effects between the two-sided of the platform”. The platform is 
created by serving as a channel between two or more different categories of consumers. These 
consumers will not be connected without the platform, and the platform also coordinates the 
groups through the usual pricing strategies to create value (Gawer and Henderson, 2007). 
Reviewed literature suggested the central position of “network effect” in understanding how 
two-sided markets work. Derived from network effects conceptions, switching cost is 
uncovered as once the consumers select a platform, then they generally are stickled with the 
platform, otherwise they would suffer switching costs (Farrell and Saloner, 1985).  

2.2 Standardization - Platform Construction and Adoption 

The platform market is usually composed of hierarchical systems. The same company can 
also act as a platform provider in a network, or as a supplier or component supplier in another 
network. Because of the strong economies of scale in the platform market, a single company 
often dominates each level. At a certain level, the dominant companies may seek to exclude 
or weaken the leaders of adjacent levels in terms of greater share of the industry's profits and 
control of their technology (Gawer and Henderson, 2007). In addition to complementing the 
establishment or expansion of the platform, it is also a type of strategy to replace the weak 
envelope. Weak alternative services have the same wide range of uses but satisfy different 
user needs because they rely on different technologies. The user base of weak substitutes may 
overlap to some extent. When two platforms meet different needs, when some people show 
these two needs on different occasions, these people can have many (Eisenmann et al., 2011). 
At last, even if the two platforms are designed for fundamentally different purposes, the 
platform can still have ordinary users and use similar components. (Eisenmann et al., 2011). 
In addition, no matter what degree of overlap between the user groups of the function 
independent platform, the user should not show a strong positive correlation to the valuation 
of the platform, so an envelope should be able to provide significant bundling discounts by 
using benefits of price discrimination (Gawer, 2014).  
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Apart from platform construction, quite limited studies are conducted to explore the adoption 
of a platform. Since this research set the context as big data, thus several information 
technology adoption related studies were reviewed for understanding the adoption of IT-based 
platform. For instance, TOE (Technology-Organization-Environment) The framework is used 
to explore new IT innovations that are adopted by the organization. There are three main 
dimensions in this framework: technological dimension, organizational dimension and 
environmental dimension, which affect the adoption of new IT innovation. TAM 
(Technology-Acceptance-Model) Indicates that the adoption behavior is determined by the 
intention of using the specific system, which in turn depends on the usefulness of the 
perception and the ease of use of the system. DOI (Diffusion of Innovation) theory suggests 
that the technology diffusion process includes five stages, namely as: knowledge, persuasion, 
decision, implementation and confirmation (Hage and Hollingsworth, 2000). Stakeholder 
Perspective helps identify and model the groups which are the stakeholders of an 
organization, and is capable of developing methods which management can employ to deal 
with the interests of those identified groups (Blind et al., 2010). ANT (Actor-Network 
Theory) study the behavior and motivation of actors who associate their interests with others 
and understand the world as a complex network of three symmetrical roles, namely, natural, 
social and technical actors (Latour, 2005). The process of building the actor network is 
persuading other actors to participate (Montenegro and Bulgacov, 2014).  

Those perspectives are reviewed and introduced because the basic understanding of platform 
business mode in the big data era is based on the perception of technological platform, thus 
adopting social-technical perspectives is appropriate. Nevertheless, technological platform, 
according to the introduced definition, is a technology-based platform mode. Apart from 
considering its technology attribute, the platform attribute should also be considered as well, 
such as “two-sided market”, “network effect” as well as “ecosystem” (Boudreau, 2010). 
Therefore, for understanding technological platform adoption, both economic and 
technological perspectives are significant. 

2.3 Sustainability of Platform  

A well-designed business model could help the enterprise better achieve the competitive 
advantage in market (Teece, 2010). Mata et al. (1995) adopted resource-based view to 
emphasize that the establishment of a sustainable competitive advantage is a business model, 
which consists of a concise expression of a set of interrelated decision variables in the risk 
strategy, construction and economic fields. Afuah and Tucci (2000) hold the view that to 
develop a successful business model, is actually insufficient to guarantee an enterprise’s 
competitive advantage, but the innovation of model can become a pathway to enterprise’s 
competitive advantage. Competitive advantage is closely related to the performance of an 
enterprise in an industry, and some companies fail because of their failure to achieve 
competitive advantage in competitive strategy (Hansen and Birkinshaw, 2007). In a word, 
understanding the sustainability of an emerging platform enterprise or business is to 
understand how to achieve the sustainable competitive advantages. 
Competitive advantage is highly related with the core value of a business model (Mata et al., 
1995). Afuah and Tucci (2000) believed that value is mainly created for customers, which 
means that the price quoted by an enterprise is different from that of its competitors or that the 
cost is low. In general, the platform will generate a positive feedback loop through the 
network effect, and increase the return of the supply, so as to maximize the company's 
advantage (Katz and Shapiro, 1986). Gawer and Cusumano (2014) indicate that more people 
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use platform products, there will be more incentive mechanisms to supplement producers, so 
as to introduce more complementary products, thus forming a virtuous circle. The platform 
theory research has not explained the process mechanism of the platform envelope strategy to 
build competitive advantage. The research of platform theory starts from the field of product 
research and development, and the new product development platform can effectively reduce 
costs while satisfying the customization requirements of customers (Krishnan and Gupta, 
2001). Since then, the research platform along two directions: one is the internal product 
development platform to the supply chain platform and across the level evolution of 
industry innovation platform, platform architecture design of attention on the effects of 
the innovation ability. The second is the research of the "two-sided Market" of industrial 
organization theory, which is a platform with transaction attributes, and is committed to 
solving the "chicken and egg" problem in the construction of the platform through price 
design (Eisenmann et al., 2011).  

2.4 Discussion on Literature 

Reviewed literature indicated that most existing studies on platform business tended to 
analyze existing platforms in static manner, especially wild about interpreting how successful 
deployed platforms works or how successful platform enterprises operates with its platform. 
However, in reality, more and more enterprises are seeking to transform or upgrade into 
platform enterprises, which means more theoretical guidance and practical experiences are 
demanded, especially for emerging enterprise. Thus, only understanding and analyzing the 
platform business in a backward mirror is not enough. Furthermore, reviewed literature 
introduced several social-technical based theories with aim to understand the process of how a 
technology with specific characters could be adopted within the given social context, 
including TAM, DOI, UTAUT, Stakeholder as well as ANT. As discussed, platform adoption 
related studies are quite limited, and only analyzing from technological perspective is clearly 
insufficient. Thus, for achieving a comprehensively understanding on technological platform 
construction and adoption, a comprehensive analytical frame including both economic and 
technological perspectives is necessary and required. 
In addition, with platform establishment and diffusion, the other significant issue is platform 
competition, or platform sustainability in the other word. Once the platform deployed, it 
might always under the competitive pressures from both traditional industrial competitors and 
the potential market entrants. Therefore, to deal with the market competitions, understanding 
how to construct or cultivate the competitive advantages for platform especially in big data 
era is also an attractive topic as well, both for platform owners and potential entrants. 
Furthermore, compared with traditional platform studies, our business environment has 
undergone a throughout transformation. Continuously evolved information technologies, 
especially big data and cloud computing, have fundamentally converted the way and the 
process of business. Apart from business environment change in big data era, the 
technological platform with big data characters also varies from the traditional platforms as 
studied. Therefore, it is insufficient if only understanding the current platform related 
phenomena within the traditional frame or context, further understandings are required within 
the context of big data era. 
Therefore, for bridging the divides between the witnessed phenomena and constraint 
literature, this paper aims to further extend the understandings about the standardization 
including construction and adoption, as well as the sustainability of digital platform, 
especially within big data context. The questions for this research to answer are: 1. In terms of 
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standardization, how to establish and diffuse a digital platform successfully, especially within 
big data context? 2. How a digital platform achieves sustainability during standardization, 
especially within big data context? 

3 Conceptual Framework 
For understanding a theoretical platform to establish and diffuse, social-technical theories 
such as stakeholder theory, actor-network theory, institutional theory as well as collective 
actions theory are appropriate for selection as all these theories focusing on interpreting how a 
technology is created and adopted in relation with social interactions and environments. Since 
this research aims to understand how a technological platform could be successful established 
and diffused by an enterprise, actor-network theory is considered as the most suitable 
analytical lens.  
According to Callon (1991), The translation of ANT usually consists of three stages. The first 
is the problem. In this stage, there will be a focus person to define the problem and define the 
identity to guide the interests of other actors to the interests of their own. Besides, the focal 
actor will attempt to made itself indispensable by creating an Obligatory Passage Point (OPP) 
which completely under its control. To other actors, if they want to achieve their own 
interests, they have no choice but to pass through the OPP. Normally, OPP always locate in 
the direct path for the focal actor, while others may face some difficult to pass through it. 
Even so, for achieving their own target, they have no choice but do so (Callon, 1991). 
Besides, defining interests and creating OPP could be viewed as a part of focal actors’ 
strategy for achieving its own target. However, other factors may need to overcome some 
obstacles to pass through the OPP, so the focus participants need to take some strategies to 
take other participants to accept their definition of their interest and further motivate them to 
pass through the OPP. This stage is named as interessement. The final stage is enrolment, 
which refer to the moment that other actors accept the definition and decide to participate. In 
this stage, actors are clear about their roles in newly created network. Thus during process of 
translation, focal actor should perform well in assigning interests, targets, projects, desires, 
strategies, and even afterthoughts (Callon, 1991).  

However, Technological platform dynamics could enclose multiple translations as: initiation 
of platform, agreeing objectives and specifications, adoption by organizational actors and 
finally the diffusion of platform around all relevant organizations. Sometimes the platform is 
shaped by translations among other organizations, and also sometimes the platform shapes the 
actor-network as well. Therefore, platform dynamics could be learnt as an on-going 
interactive process of translating and exploring new OPP and new organizations to advance 
the platform. For bridging the research gap that identified via literature review, this article 
aims to learn how a technological platform is successful established and diffused by an 
enterprise.  
Besides, in order to maintain the competitive advantage of enterprises, coupling strategies 
should be applied to business models. Therefore, strategic analysis is a necessary step in 
designing a competitive and sustainable business model. According to Mata et al. (1995), The 
influence of resource heterogeneity and resource stability on competitive advantage can be 
summed up as a resource based competitive advantage model. Actor-network theory adopted 
to understand how a successful platform business model is actually established and diffused; 
resource-based view understands how established platform business model enable the 
platform owner to achieve sustainable competitive advantages. Two theoretical perspectives 
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frame the fundamental of our understanding in this work. Figure 1 expresses the conceptual 
framework. 

 
Figure 1. Conceptual framework of constructing sustainability during platform business 

establishment and diffusion (Source: author delineated based on Actor-Network Theory and 
Resource-Based View) 

4 Methodology 
Qualitative case study was adopted in this work. For case study, an internet-based Chinese 
enterprise - Greentown E-Company was selected as the case, due to the connection of the 
author and their succeed experiences about the establishment and diffusion of the platform 
business as an emerging enterprise. According to the framework, for case studies, key events 
in the dynamic process of selected platforms are identified, including problematization, 
interessement as well as enrolment, and also made narrative in detail accordingly.  
For data collection, documentary research, observation, participation and interviews were 
taken (Baxter and Jack, 2008; Zucker, 2009). In terms of documentary research, official 
websites of actors that been enrolled in the platform were visited; in addition, reports and 
other archives of the enterprise were also collected as reference. Furthermore, semi-structured 
interviews were conducted in Greentown E-Company with managers from different 
departments who were very familiar with the goal and the execution of their respective 
function. Apart from that, interviewees from other organizations that connected with the 
platform are also selected. As introduced, semi-structured interviews are adopted to allow 
more open-ended and fluent discussions since different managers’ roles were different and 
they were familiar with some elements of our business model but not others.  
In the pilot work and formal fieldwork, 20 potential eligible respondents were identified and 
the same number of pre interview questionnaires were issued. Of the 20 pre sent 
questionnaires, 15 were collected, 3 of which were not interviewing, 2 of which were 
recommended. The rest of the people gave positive feedback. Each interview lasts at least 60 
minutes, but not more than 90 minutes. For different groups of respondents, different 
agreements were designed and applied. The interview was conducted in Chinese to ensure the 
originality and subtlety of the communication content. In interviews, recording and transcripts 
were recorded. After the interview, the neutral observer ended the conversation and wrote 
down the key words of each element. The strategy of triangulation was applied as multiple 
sources make the data collection more reliable and comprehensive. The summary of interview 
information from the Greentown E-company is generated in the Table 1 as followed. 

Table 1. Interview Information in Greentown E-company 

Department/Organization Interviewee 

General Management Department Department Manager 

Research & Development Department Department Manager 

Product Quality Control Department Vice Department Manager 

Technology and Product Department Department Manager 
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Top Management COO, CEO, CTO, CFO 

Marketing Department Senior Specialist 

Partnered Suppliers TOTO; BOLONI; OULIN; TOSHIBA 

Partnered Construction Team Construction Team Manager 

 
The description of data analysis and case study is internal, based on theoretical propositions, 
including research issues, conceptual frameworks of development, and qualitative case study 
strategies. First, some "early analysis steps" were taken, mainly based on data from literature 
research. According to the overall situation described, the interview and further case narration 
are structured, and the detailed information that needs to be collected is found, and the 
potential qualified interviewees are identified. Secondly, according to the data collected from 
interviews, the overall picture of selected cases is refined from rough to accurate version. 
Then, on the basis of the second rounds of analysis, the descriptive part is further analyzed. 
Finally, on the basis of first two rounds of analysis, we have further explored the answers to 
the proposed research questions. In addition, in order to ensure the quality of data collection 
and analysis, triangulation strategies were adopted in the two stages of the study (e.g. Kaplan 
and Maxwell, 1994; Seale, 1999; Baxter and Jack, 2008).  

5 Case Study: Greentown E-Company


5.1 Platform Business of Greentown E-Company 

Founded in 2011, the Greentown E-Company is a housing decoration platform on the internet 
which has a registered capital of 50 million RMB. The company owns an interactive online 
platform named Greentown E-Company that provides services to both customers (house 
owners) and the decoration companies. The customers can choose a decoration plan for their 
houses on the Greentown E-Company. Then the Greentown E-Company will choose one 
appropriate decoration company and have it sent a decoration team to the customer’s house to 
do the decoration. Greentown E-Company offers a standard decoration menu of decoration 
options and executes the standardizing decoration method. The simplicity and hassle-free 
value propositions especially appeal to young people.  
Greentown E-Company makes the whole housing decoration experience easy and happy 
through the reliable and transparent decoration information and service. Greentown E-
Company hopes to give a pleasant housing decoration experience for their customers. The 
rapidly development of e-commerce and housing market was adopted as an innovative means 
of attaining this objective.  Establishing and diffusing its own platform business model with 
SaaS technology was the one that been selected by Greentown E-Company. Its platform 
generated competitive advantages mainly through five aspects, namely as value proposition, 
profit formula, key resources, key processes and key capabilities. Greentown E-Company’s 
platform business model is delineated in the Figure 2 as followed. The key profit mode of 
Greentown E-Company through operating its platform business is drawn in the Figure 3 as 
followed. 
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5.2 Dynamics of Greentown E-Company’s Platform Business: Establishment 
and Adoption 

Greentown’s online decoration platform dynamics enclose multiple translations since the idea 
first came out, including initiation of the platform, adopting by organizational actors with 
agreed objectives and specifications and diffusing of the platform around all partnered 
organizations. It is an on-going interactive process of translating and exploring new OPP to 
advance the platform.  

 
Figure 2. Greentown E-Company’s Platform Business (Source: author delineated) 

 
Figure 3. Greentown E-Company’s Profit Mode (Source: author delineated) 
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5.2.1 Strategic Exploration Period – Problematization 

“Small and medium size development companies do not have well procurement systems, and 
they are not professional enough to qualify their jobs due to the fact that many of their 
positions are taken by part-time workers. However, the e-commerce model can solve their 
trouble about procurement costs and simplify management process” (Liu, the head of 
supplying department, 2018). During problematization period, GEC assigned its interests to 
other participators including both suppliers and customers to be consistent with its own 
initiatives. The company attempts to render itself independent by defining the OPP which 
under its control that the other participators must pass through to achieve their own interests. 
In the stage of establishing the platform, organizations used to imagine or hypothesize 
alternative actor-network configurations, which are shaped by the organizations’ interests. 
Their perception of existing configuration would offer an understanding of the translations 
that are required to realize the alternative configuration in the future. During this translation 
process, GEC took their best efforts to ensure the alignments. 
“Through Alibaba and Tencent development, it is realized that the basis of enterprise 
operation in the Internet era is the user data, rather than the early development of user value�
Zhang, the senior executives, 2018� .” In view of this, the company organized and 
systematized its users through membership registration, WeChat guide and square activities. 
Secondly, on $3.49 billion purchased winger in Hangzhou and Shanghai holdfast two game 
companies, top clear core purchase intention is not to profit, but mark had 300 million 
registered users and more than 2000 active users. Thirdly, the company set up the database 
business department at the group level, specializing in the construction of the user database 
between different platforms in business integration. At last, use company's brand and 
government resources to improve user experience, thus increasing number and activity of 
users. 
In the Internet era, enterprise management has shifted from "enterprise departmentalism" to 
"user-oriented doctrine". Platform architecture is the foundation of the platform envelope, and 
user data is the foundation of platform architecture. It determines the design, platform, 
content, experience, and evaluation of platform operation. Therefore, it is different from 
previous enterprises to build competitive advantages from acquiring or accumulating 
heterogeneous technical ability and asset elements. The construction of platform envelope 
strategic competitive advantage is "reverse" process. It starts with the client, improves the 
user experience, and integrates different resources and capabilities to create value for users 
and gain competitive advantages.  

The competitive advantage of the build process and the key is the basis of user data, user data 
resources must be controlled by platform enterprise, access to resources and capabilities 
needed for the user data resource itself can adopt diverse means. Therefore, the primary task 
of the platform envelope strategy exploration is to build the basic user database, and what 
strategies can be adopted to accomplish this work? What resources and capabilities are needed 
to support the strategy? Therefore, platform envelope strategic exploration phase mainly uses 
of existing resources and ability to take its own transformation, purchase and aggregation 
strategy to build basic user database, like improving service experience precipitation that 
based user build competitive advantage. 
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5.2.2 Strategic Growth Period – Interessement  

During the stage of interessement, GEC executed many strategies to convince other 
organizations to accept its definition of their interests, and therefore to ensure the negotiations 
and interactions which could lead to the establishment of a platform. In this stage, the 
company aims to modify organizations’ perceptions of existing or future network 
configuration as well as the interests of others. This stage is significant as the feedbacks that 
generated in this phase helped to refine and align organizations’ perceptions of the platform 
configurations and interests.  
The basic user database that is set up in the platform enveloping strategic exploration stage is 
the cornerstone of the long-term development of the platform. In the context of industrial 
integration, platform enterprises find that barriers and boundaries of different industries are 
gradually broken. Meanwhile, data resources in the platform infrastructure can be shared by 
multiple industries. Therefore, the main work of the platform envelope strategy is to share and 
utilize the basic user data. New service development facilitates positive feedback between 
service content increase and user scale increase; through service binding and service platform 
integration, the user base and the relationship strength between users are increased, and the 
strong cross-boundary network effect will be stimulated when it exceeds a certain critical 
mass. In previous platform studies, the scale of platform users has been widely concerned, 
and the increase of scale can inspire the "winner-take-all" effect of the same side and cross-
boundary network effect. But the scale is important, but is it just the size of the network? 
Network relationship strength is also an important factor influencing the network effect, and 
the process of the platform envelope process is exactly the process of enhancing the strength 
of the relationship among multilateral users.  

It can be seen that enterprises increase the platform function module through platform 
envelope, which can provide services to more suppliers and users, thus, greatly increasing the 
user scale. At the same time, the platform to provide users with a variety of "bundled" service, 
the user dependence between the platform and users are on the rise, multilateral trading 
frequency and reciprocal degree is increasing, according to the grand victor strength of 
relationship between classical elaborations, multilateral relations within the user network 
platform strength in ascension. When the network size and relationship strength exceed a 
certain threshold, it will stimulate the same side and cross-boundary network effect, thus 
helping the enterprise gain competitive advantage. Thus, we suggest that platform envelope 
strategic growth mainly through the development of new services, services and service 
platforms integration to increase user scale and the relationship between strength, inspire and 
cross with the network effect to build competitive advantage. 

After setting up a unified database, the company mainly carried out the following work: 
firstly, based on platform construction of the basic database development new service project. 
For example, "money is courteous" vertical e-commerce platform, real estate service platform 
"buy treasure" and county community portal, etc. Secondly, accelerates the binding of 
platform services. In view of the game platform user characteristics and behavior analysis, the 
launch of a matching news information service; Provide medical registration, travel vouchers 
and pension services to users of the information platform; We recommend the real estate 
agent service and the local community life service to the e-commerce platform users. Thirdly, 
develop software integration services, in view of the rapid development of mobile Internet. 
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5.2.3 Strategic Maturity Period – Enrolment 

During the stage of enrolment, the organizations accept interests that defined by GEC. For the 
online decoration platform to success, the interests of a range of organizations, especially core 
suppliers and core decoration teams, must be translated into an agreement on the platform 
configurations and the institutions. In the case of GEC, it is found that although enrolment 
indicated a degree of acceptance of assigned roles for specific organizations on the platform, 
the organization might not fully assume them, even where translations are accomplished, the 
platform might not exactly as expect in the initial stage.  
After being bundled and integrated with multiple services developed by user value, the 
platform actually covers the multi-user community. What "platforms" are adopted within each 
user community to ensure order, and what "rules" are adopted between different user 
communities to achieve interfacial interoperability and complementary functions. The 
establishment of an orderly commercial ecosystem becomes the main work of the platform 
envelop strategy maturity stage. Platform and the difference between an ordinary alliance, it is 
not only a business cooperation network, or connected to the supply of the community, the 
demand of the community and complements providers of the business ecosystem. The 
initiative of multilateral users in the system has been fully developed, which has greatly 
promoted the complementarity innovation. The platform of envelope open interface at the 
same time also must strengthen the control architecture, the architecture control can promote 
the symbiosis between the populations depend on rather than competitive rely on, at the same 
time ensure enterprise own platform for the business leadership of ecosystem, provides the 
foundation for the sustainability. 
Thus, it is suggested that the concrete forming process of the dominant architecture includes 
three key actions: basic user precipitation, network effect excitation, and commercial system 
symbiosis. During the strategic exploration period, basic user precipitation can lock users' 
consumption habits and increase the cost of user conversion. Strategic growth, services, and 
integration increases user scale and the relationship between strength, when the strong 
relationship between size and long span a certain critical point will inspire the same side and 
across the side of network effects, and can lead to a "winner-take-all", leading architecture 
prototype began to emerge. Strategic stage, through the platform envelope fusion in different 
market multilateral users, to build up the business ecosystem, the new ecological system 
means that the formation of the new architecture. Platform providers dominant in the industry 
structure become sharper, rules of business ecosystem designers, and system administrators. 
When the architecture solidifies, it will lock the leadership of the platform enterprise in the 
ecosystem, thus ensuring the sustainability. 

Furthermore, platform enterprise through the platform envelopment to model a new business 
ecosystem "dominant architecture", the architecture is locked leadership as a platform strategy 
to construct the guarantee of sustainable competitive advantage. According to the sources of 
competitive advantage theory, the internal logic and the general analysis framework of 
sustainability, above the industry under the background of integration platform building 
envelope strategy process is a concrete analysis of competitive advantage. The study found 
that with the traditional strategic competitive advantage to build from the organization to 
services to meet different user needs, the platform envelope the strategic competitive 
advantage is based on the user as a starting point, from the user data to service development 
and ecosystem "reverse" process. For the long-term development, the company believes that it 
cannot and should not provide all services. Take the following steps: firstly, open interface to 
build the platform business ecosystem, to enhance the vitality of the system. Secondly, to 
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strengthen platform architecture control, platform service external provides less than 20%, but 
the high-level attention has been paid to the importance of control of the platform 
architecture, architecture every time add update service are all experienced many discussions 
and test, to ensure the control of development direction. 
Benefiting with the analytical frame nature, platform business model could be well adopted 
for understanding the company’s business logic, as the platform business model, in this case, 
showed the business logic of GEC. After coming up with the platform business model in 
2015, the managers in GEC have focused on the key elements thus to enrich their key 
resources, reinforce their key capability and optimize their key processes. These changes lead 
to improvement of the operations and customers’ experience. Data talks, as the report of 
GEC, showed that the sales volume has increased considerably since the adoption of the 
online platform. Apart from delimitating the company’s business logic, the business model 
also presented promising business logic for the housing decoration e-commerce industry as 
we saw. GEC is a typical company in this industry and performed very well as the platform 
leader.  

5.3 Sustainability: Greentown E-Company’s Platform Business 

“The brand of the company has considerable influence. If they solve the relationship with the 
agencies well, I think GEC will have a bright future for the sake of its comprehensive ability” 
(Yu, the major customer manager of Shanghai Mitsubishi elevator CO. LTD, 2018). The 
competitive strategy focuses more on the industry, while competitive advantage pays more 
attention to organizations. When making a decision on competitive strategy, there are two 
questions need to be considered. The first one is to what extent the industries can stay long-
term benefits and what factors affect it. The second one is a competitive strategy plays a key 
role in standing in a relatively competitive position within one industry. According to 
interviews, competitive advantages are generated by creating values for customers in GEC. 
The resource-based view of the firm mainly contains two hidden contentions: the first is 
resource heterogeneity, which means that different companies within the competition possess 
different resources; the second one is resource immobility, which means that this difference of 
possessing resources can exist for a long period. These two underlying assertions are linked 
with sustained competitive advantage. 
The value proposition of the company is for the people who pursue higher life quality but 
without enough time on decoration. The profit formula for the company is mainly generated 
from the price margin for the decoration materials, as GEC manages its own supply chain, 
which means the company is capable to get decoration materials with quantity discounts. In 
addition, the company also provides the IT service (SaaS) for partnering decoration 
companies and also receive advertisement fee from decoration material suppliers as well. The 
key resources for GEC include the good reputation of the company, a 30,000 square meters 
experience pavilion, abundant financial support from the capital market, excellent human 
resources and teamwork, decoration styles by stylists, reliable suppliers, and decoration 
companies. 
The key processes are the one-stop service for customers with the platform decoration service 
and cheaper price. Moreover, good marketing for the product and good after-sales service for 
the customers are also very important for managing the business well. The key capabilities of 
GEC can be concluded into subjective and objective capabilities. The outstanding leaders who 
have the great capacity to lead the company and the professional and hard-working staffs are 
the subjective key capabilities. There are also some objective key capabilities, such as well 
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functioned information systems. Since GEC develops quite well by adopting its platform 
business strategies, many other companies started to imitate the business model of GEC’s. 
Nevertheless, it turns out that once a well-functioned platform established, it’s no longer easy 
for the others to build another one. “The GEC’s working process is simple, and procurement 
is open. What’s more, compared with us, the GEC can guarantee the quality and have enough 
cost advantage.” (Liu, purchase department, 2016) 
After coming up with the platform business model in 2015, the managers in GEC have 
focused on the key elements thus to enrich their key resources, reinforce their key capability 
and optimize their key processes. These changes lead to improvement of the operations and 
customers’ experience. Apart from delimitating the company’s business logic, the business 
model also presented promising business logic for the housing decoration e-commerce 
industry as we saw. The GEC is a typical company in this industry and performed very well 
as the platform leader. As a summary of the case study, Figure 4 indicates how GEC 
established and diffused platform, and then successfully achieved the competitive advantage 
with the SaaS-based platform. 

As the cornerstone of the platform, such generic resources can be used to "dance" on the same 
platform by users from different industries and different products and services. This book case 
analysis shows that such common resources and capabilities are user data resources and the 
development and service capabilities based on user data resources. Previous study of 
competitive advantage theory is from the "supply side" analyze the competitive advantage, 
hold valuable, rare, difficult to imitate, difficult to replace with heterogeneous characteristics 
of resources and capacity to support enterprises to build "isolation mechanism" in order to get 
competitive advantage. This supply-side paradigm values "value acquisition" and ignores the 
more important "value creation". Value creation needs to truly provide users with the product 
or service of "pain point". Improving user value through service is the fundamental of 
competition and the "common rule" of competition among different industries. Platform 
enterprises precisely grasp this common rule, the platform infrastructure covers the user data 
and other key resources.  
Therefore, the company shared based on the basic architecture in the background of industry 
integration, so as to improve the user value experience and implement the strategy of covering 
different industries, products, services and functions. The new service function of the 
platform envelope and the complementary symbiosis of the original platform ecosystem 
further enhance the competitiveness of the platform business ecosystem. Envelope strategy is 
not visible, select the platform of the Internet platform of the "patent" of the enterprise. 
Traditional enterprises can also adopt this strategy. The key to competitive advantage from 
the management idea and strategy of cognitive level build paradigm from "supply side" to the 
"demand side". It is believed that the competitive advantage to highlight the "different support 
competition" and "supply-side paradigm" over support competition "generality" paradigm. 

6 Discussion and Conclusion 

6.1 Standardization - Dynamics of Platform Establishment and Adoption 

6.1.1 Problematization 

In this stage, several issues need to be first understood, including which platform pattern 
should be selected and what are the driving factors for enterprise to launch platform business 
strategies. Through discussions based on case study, this paper suggested that the platform 
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business can start either from the supplier side or from the demand side. No matter which 
mode the platform business adopted in initial stage, it is likely to develop into a highly 
legalized integration mode. The key characteristic for a platform to success is to establish 
open contract content and the competitive "one-to-many" contract structure center-controlled 
by platform owner. In addition, drivers for a platform strategy to adopt and survive emerge 
with varied originations including market integration, industrial integration and data 
expansion; in the context of big data, any production and transaction can be platformed 
through big data techniques such as data representation and group characteristics analysis, 
thereby leads to a significant cost reduce in platform management; platform enterprises 
should be able to develop technologies or design systems, and also able to innovate their 
products or services continuously, in big data context.  

In terms of how to establish platform in the problematization stage and what are the strategies 
could be taken, this paper suggested that, to establish a platform, in the problematization 
stage, both internal and external analyses should be conducted simultaneously. For internal 
analysis, three processes could be followed in sequence: creates building blocks through 
analyzing products, services and processes; constructs platform by combining the blocks; to 
develop new products and services on created platform. For external analysis, the enterprise 
should select suitable platform business strategies and try to lobby other participants. With big 
data technology, strategies like aggregation, user integration and stimulation could be adopted 
(Proposition 1). 
6.1.2 Interessement 

In the interessement stage, a strategic question of ‘how a two-sided market should be built?’ 
was provided, which dealt with the ways to acquire a two-sided market. For this, 
subsidization and cross-subsidization are exceedingly important elements, and a two-sided 
market is required to be established in different parts of the world, depending on the platform 
of business model. For the supplier-type, producer-oriented platform, subsidization and cross-
subsidization are applied to the supply side and demand side respectively. For the tailor type, 
customer-oriented platform, subsidization and cross-subsidization are applied to the demand 
side and the supply side respectively. For the both-oriented platform, subsidization and cross-
subsidization are applied to both the supply side and the demand side, establishing the two-
sides of the platform.  

Thus, this paper suggested that, to establish a platform, in the interessement stage, the first 
thing is to decide which of two mutually different customer groups should be made the initial 
platform user group and how to encourage two user groups to become platform users in the 
meantime; Then the platform provider must decide which party to subsidize, and strategies 
could be taken to promote the stage, such as offer subsidies, monetary compensation, free 
services, deregulation, and solution offerings; Cross-subsidization is an effective strategy to 
support less profitable groups with profits from more profitable groups, thereby attract 
participants (Proposition 2).   

6.1.3 Enrolment 

In the enrolment stage, the strategic question of ‘how should network effects be exploited?’ 
was answered, assessing strategies for maximizing network effects and establishing a 
dominant platform in an industry. In other words, it is important to increase the number of 
platform participants who are reaching out to the critical mass, to actively operate the growth 
engine. In addition, various methods shall be consistently applied, in order to improve the 
network effect for promoting the platform. Hereupon, as the number of platform participants 
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and users’ increases, the position of the platform in the market strengthens, especially if the 
relevant platform cannot easily be replaced by others.  
Therefore, this paper suggested that, to establish a platform, in the enrolment stage, network 
effect is the most significant and critical determinants of the success of platform businesses 
establishment. Only when direct and indirect network effects are applied within the platform 
in the bilateral market can the platform gain economic benefits. With big data technology, 
strategies like offering heterogeneous user experiences, providing infiltrative advertisements 
and subsidizing potential customers could be adopted (Proposition 3). 

6.2 Sustainability of Platform Enterprise and Business 

As discussed earlier, resource-based view is adopted as the theoretical foundation of this 
research, which is helpful to understand the sustainability of a platform enterprise as well as 
its business. This paper also distinguished the entire process of a platform to acquire 
competitiveness into two stages: first stage is to construct the competitive advantages for the 
platform, while the other is how to sustain the competitiveness after the platform developed 
into a maturity stage as a strategic question of ‘how a business ecosystem should be 
completed?’ was answered, assessing ways to establish a business ecosystem that grows 
continuously and promotes the business. Resource-based view has provided theoretical 
foundation for this part of analysis. Associating with the given context – big data, this 
research also extended the understandings for competitive advantages as well. According to 
competitive advantage theory, the internal logic and the general analysis framework of 
sustainability, integration platform building envelope strategy process is a concrete analysis of 
competitive advantage. Study found that with the traditional strategic competition advantage 
to build from the organization to services to meet different user needs, the platform envelope 
the strategic competitive advantage is based on the user as a starting point, from the user data 
to service development and ecosystem "reverse" process.  

In big data context, platform for enterprise users as the envelope of different industries and 
the service function of common basis points, through the "Basic user precipitation – Inspire 
network effects – Commercial system symbiosis – Lock dominant architecture" mechanism 
chain, to "reversely" build up competitive advantage. In the exploration stage, platform should 
primarily exploit existing resources and capabilities, adopt its own transformation, acquisition 
and aggregation strategies, and build basic user database to acquire competitiveness. Platform 
competitiveness growth mainly through the development of new services, services and service 
platforms integration to increase user scale and the relationship between strength, inspire and 
cross with network effect to build competitive advantage. To secure and continuously develop 
competitiveness, the architecture of the platform must be controlled when platform opens its 
interface. Such kind of architecture control can promote the symbiosis between the 
populations depend on rather than competitive rely on, in the meantime ensure enterprise own 
platform for business leadership of ecosystem, provides the foundation for the sustainability 
of competitive advantage (Proposition 4). 

In addition, according to the features of the platform, various participants tend to use a 
platform at the same time, and the lemon problem can occur easily. Therefore, platform 
quality management is important to prevent the quality from reducing, thereby encouraging 
the activities of participants and trading agents and preventing competitiveness deteriorating. 
The interviews confirmed that platform quality management is very important in industrial 
fields for internalized growth. In addition, as for the second strategy for establishment of a 
business ecosystem, a method for acquiring the profit models of the platform is suggested.  
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Therefore, this paper suggested that, establishing a business ecosystem is important stage of 
making a platform business stable, if the platform is to grow and expand continuously. 
Particularly, in the maturity stage, managing the quality of the platform through platform 
quality management is a core business procedure, as is completing the business ecosystem by 
improving the profit structure through the revenue structure (Proposition 5). 

To sum up, the key point of the justified argument is that an organization, or enterprise, could 
promote the establishment and diffusion of technological platform through establishing a 
well-functioned actor-network by pushing forward the phases of problematization, 
interessement and enrolment during translation. Competitive advantages are generated 
throughout the process of platform establishment and diffusion, but the mechanisms of how 
platform business generates competitive advantages are quite different if considered within 
the big data context. As a summary of discussion, Figure 4 indicates how Greentown E-
company established and diffused platform, and then successfully achieved the competitive 
advantage with the SaaS based platform. 

 

Figure 4. Analysis of Greentown E-Company’s Platform Business – Establishment, Diffusion 
and Sustainability (Source: author delineated) 

6.3 Research Review 

As through reviewing literature, it is found that most existing studies focus on analyzing the 
established or well-functioned platforms, more investigations are suggested to expand the 
understandings of how platforms are standardized. Moreover, reviewed literature also 
suggests that the studies that understand how established platform business model enable the 
platform owner to achieve sustainable competitive advantages in limitless competitions.  
Through examining an in-depth case of the Greentown E-Company, this work advances 
understandings on the dynamics of technological platform based on the actor-network 
perspective. The key point of the justified argument is that an organization, or enterprise, 
could promote the establishment and diffusion of technological platform through establishing 
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a well-functioned actor-network by pushing forward the phases of problematization, 
interessement and enrolment during translation. Apart from interpreting how platform is 
established based on theoretical foundations, this research also discussed the elements that 
might highly relevance for the platform to success.  Competitive advantages are generated 
throughout the process of platform establishment and diffusion, but the mechanisms of how 
platform business generates competitive advantages are quite different if compared with 
traditional business models. For instance, in the case study, it is found that in the big data 
context, the key is no longer interpreted as heterogeneously distributed resources and 
capabilities, comparatively, the most important process is to adopt data mining techniques like 
classification, clustering and associations to descript and picture the different groups of actors, 
with the aim to deliver high level customized products or services thereby to distinct with the 
other competitors in the market.   

6.4 Research Implications 

This research provided contributions to standardization and platform literature, Actor-
Network Theory, as well as practical implications. This study’s literature review summarized 
different academic approaches, such as operations management, industrial economics, and 
business strategy, which will contribute to a better understanding of the multifaceted 
phenomena of platforms, allowing further research can be carried out to obtain more 
conclusive and specific information. In particular, this literature review research develops 
academic understanding through its integrated analysis of the platform’s core academic 
theories: two-sided market theory, network effects, and business ecosystem. On the other 
hand, this research presented the core elements and strategies for each of the three major 
growth stages of platform business from a dynamic perspective - ANT, which has not been 
done before. Unlike previous platform business research that depicts platform strategy and 
each factor in static approach, the platform business strategy from the perspective of dynamic 
approach shows the overall business picture for platform providers. The integrated 
comparative-case analysis makes it possible to conduct an in-depth analysis of the life-cycle 
of a platform business model. Through the analysis, this study suggests the ‘Platform 
Business Model Dynamic Framework’, a model for the life-cycle of a business ecosystem 
with three main stages and one extended stage, which serves as the conceptual framework. 
This finding helps corporations that are preparing or currently running platforms on how they 
can grow and expand on a continuous basis. An account, an accurate understanding of the 
strategies of a dynamic approach will likely become critical factors for those corporations that 
aspire to become platform providers and use a competitive advantage strategy to follow a 
successful platform business model. 

6.5 Limitation and Future Work 

In this research, limitations are meanly given rise to interpretivism philosophical standpoint 
and qualitative research methodology, especially the difficulty in controlling the closed 
system and the subjective case selection as well as analysis. However, if compared with other 
philosophical perspectives and research methodologies, the selection of this research is the 
best opinion if considering the research aim and questions in specific. The deficiencies or 
limitations that identified could be reduced significantly with additional efforts taken, such as 
examine the developed conceptual framework with more empirical case studies in practice 
and reducing the personal impressions as well as subjective influences during research 
process. The efforts were not entirely taken since considering main focus of this research, but 
this led to further studies. 
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Abstract: The object of this paper is to analyze the adoption of the information 
management system standard ISO/IEC 27001, which ranks third worldwide in 
terms of valid certificates according to the annual ISO Survey, but which is char-
acterized by a paucity of existing studies compared to other popular management 
system standards such as ISO 9001 for quality management and ISO 14001 for en-
vironmental management. To achieve this objective, this study aims – through the 
lens of institutional and signaling theory – to unearth factors that lead to the adop-
tion and non-adoption of ISO/IEC 27001, difficulties encountered during imple-
mentation and perceived benefits. Therefore, we specifically differentiate between 
organizations that have implemented this standard and additionally obtained certi-
fication. To this means, we conducted a survey among German organizations with-
in the newly set up initiative QI-FoKuS (Quality Infrastructure – research for con-
formity assessment and safety). The findings of this study show that ISO/IEC 27001 
adopting organizations are generally motivated primarily by preventive objectives, 
which is also reflected in the benefits perceived. The analysis of difficulties en-
countered reveals high cost and complexity of the standard content as the main ob-
stacles, whereas the absence of (immediate) economic benefits paired with low in-
stitutional pressures raises a possible need for intervention, for which we propose 
possible measures. 

 

1 Introduction 
Management system standards published by the International Organization of Standardization 
(ISO), together with the International Electrotechnical Commission, are used by over one and 
a half million organizations worldwide1. Defined, e.g., within ISO 9001 as "a set of interrelat-
ed or interacting elements of an organization to establish policies and objectives, and process-
es", ISO management systems aim to achieve specific objectives, such as related to quality 
(ISO 9001), occupational health and safety (ISO 45001) and environment (ISO 14001). 
Therefore, management system standards fulfill various functions, not only economically but 
also from a societal perspective by contributing to social welfare [1].  

Whereas many studies exist on the well-known management system standards ISO 9001 and 
ISO 14001 (see [2] for an extensive overview on management system research), the manage-
ment system standard ranking third according to the ISO Survey [3] and dealing with the im-
portant issue information security – ISO/IEC 27001 – has been largely overlooked from a 
management system research perspective [4].  

                                                
1 This paper generally refers to the ISO Survey 2018, which covers valid certificates as of 31 December 2017, 
since ISO changed the methodology as of ISO 2019, not allowing comparison with previous years.  
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The paucity of existing studies can be explained firstly by the fact that organizations are often 
reluctant to disclose information about their information security management [5], and sec-
ondly by the (still) relatively low number of ISO/IEC 27001 certified organization (with 
roughly 40,000 valid certificates compared to over 1 million for ISO 9001 and over 360,000 
for ISO 14001 worldwide [3]). Expectations for higher diffusion rates firstly resulted from the 
increasing organizations' reliance on Information and Communications Technology (ICT) and 
hence the increased vulnerabilities concerning information security and comparing the diffu-
sion of ISO/IEC 27001 with the diffusion of ISO 9001 for quality management systems and 
ISO 14001 for environmental management systems even in their early years [4, 6]. Existing 
studies, therefore, mainly deal with reasons for the low adoption of ISO/IEC 27001 and the 
obstacles associated with the adoption of ISO/IEC 27001.  

Information security is also moving into the target of European policymakers who, against the 
backdrop of digitalization and the increasing number of security breaches, aim to make active 
use of standards (such as ISO/IEC 27001) and certification to raise the overall level of cyber-
security [7]. Therefore, to be able to derive recommendations on whether measures are need-
ed to foster the adoption of ISO/IEC 27001, a more profound understanding of the motiva-
tions, difficulties, and benefits is needed. 

To this end, we are conducting an online survey among German organizations to investigate 
the use of management systems standards with a focus on ISO/IEC 27001. For this purpose, 
we analyze the motives and benefits of organizations that have adopted ISO/IEC 27001 and 
the difficulties encountered. Organizations do not have to seek external attestation through 
certification but can also make use of this management system standard without certification. 
Most previous studies, however, do not differentiate between the implementation of manage-
ment system standards and a possible additional certification [8]. To fill this gap, we, there-
fore, compare in our study, whether ISO/IEC 27001 adopting organizations are certified or 
not. 
Furthermore, we investigate the reasons why organizations refrain from using 
ISO/IEC 27001, followed by a discussion of whether intervention might be needed and there-
fore propose concrete measures to increase the adoption of ISO/IEC 27001.  

The remainder of this paper is structured as follows. First, we present an overview of  
ISO/IEC 27001 and specifically its adoption in Germany. Then we discuss relevant previous 
research on ISO/IEC 27001 for adoption and certification, followed by a discussion of institu-
tional and signaling theory as applicable management theories guiding through our research. 
The third section describes the research methodology used to collect and analyze the empiri-
cal data from an online survey. In the fourth and fifth sections, we present and discuss the 
results of our analysis, followed by the conclusion, practical implications, limitations, and 
promising avenues for future research.  

2 Literature review and development of research questions  

2.1 Overview of ISO/IEC 27001 
ISO/IEC 27001 is part of the ISO family of standards for management systems, which also 
includes, for example, ISO 9001 for quality management, ISO 14001 for environmental man-
agement and ISO 50001 for energy management, all of which share common features such as 
the same high-level structure and the approach to continuous improvement.  
ISO/IEC 27001 has its roots in the British standard BS 7799 [9] and first was published by 
ISO together with the IEC at the end of 2005. This standard is part of the ISO/IEC 27k fami-
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ly, which comprises 47 standards (as of March 2020), including ISO/IEC 27701 (as an exten-
sion to ISO/IEC 27001 and ISO/IEC 27002) for privacy information management as the latest 
published standard. Despite the importance of the 27k family as a whole, this study focusses 
on ISO/IEC 27001 as it is (up to now) the only certifiable standard within this series.  
The aim of ISO/IEC 27001 is to preserve the confidentiality, integrity, and availability of in-
formation, as organizations of all kinds are exposed to severe risks if the information is unin-
tentionally disclosed, unreliable or unavailable [10]. Therefore, ISO/IEC 27001 describes the 
requirements for the establishment, implementation, control, and continuous improvement of 
an information security management system (ISMS). After implementing a management sys-
tem standard, organizations may additionally decide to seek certification as a form of con-
formity assessment, whereas certification is defined as a third-party attestation that the re-
quirements laid down in the standard have been met according to ISO/IEC 17000.  

2.2 Previous studies on ISO/IEC 27001 
The annual ISO Survey [3] covers certificates issued by a certification body accredited by 
accreditation bodies, which are members of the International Accreditation Forum (IAF) and 
may, therefore, serve as an indicator for the spread of this management system.  
According to the ISO Survey 2018, there were 39,501 valid certificates worldwide as of 
31 December 2017. With 1,339 valid ISO/IEC 27001 certificates, Germany ranked sixth 
worldwide and second in Europe (after the UK) with high growth rates (30% p.a. on average 
between 2006 and 2017) [3]. 

. 
Figure 1: Number of valid ISO/IEC 27001 certificates in Germany, Source: ISO [3] 

The latest ISO Survey [11] also contains the number of sectors covered by the certificates at 
the country level. However, this is only available for a limited set of valid certificates: in the 
case of Germany, for approximately 40%. According to this sector breakdown, 50% of all 
valid German ISO/IEC 27001 certificates belonged to the information technology (IT) sector, 
followed by other services with 23% and machinery and equipment with 5%.  

As far as the characterization of ISO/IEC 27001 adopting organizations is concerned, a recent 
web mining-based analysis of German 2,664 firms that refer to the standard on their websites 
has shown that especially larger and more innovative firms are certified against 
ISO/IEC 27001 [12] and most frequently offer ICT services, which is in line with the sectoral 
breakdown of the ISO Survey [11]. However, the findings indicate that the adoption of 
ISO/IEC 27001 is higher than expected, looking solely at the ISO certification numbers since 
organizations also implement this standard without often seeking certification [12]. By study-
ing the diffusion of ISO/IEC 27001 at the global level based on the number of valid certifi-
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cates from the annual ISO Survey, Mirtsch et al. [13] show that, in addition to the national 
level of ICT development, cross-cultural factors such as future orientation and power distance 
are also driving factors for the diffusion of ISO/IEC 27001 at the national level.  

Fomin et al. [4] explored the reasons for the low adoption of ISO/IEC  27001. Based on the 
finding that there is oddly little research on this standard in comparison to publications on the 
ISMS topic, they compared the diffusion curve of ISO/IEC 27001 with the early ones of 
ISO 9001 for quality management and ISO 14001 for environment management and revealed: 
"that the diffusion of ISO/IEC 27001 isn't taking place at the expected rate" [4]. Furthermore, 
they found that the number of sales of the standard in the respective country exceeded the 
number of certificates by a factor of more than 10. Therefore, they suggested, among other 
things, that for future research, the perceived need for adoption of the standard versus certifi-
cation to this standard should be investigated [4]. 
Van Wessel and de Vries [10] conducted case studies in the UK and the Netherlands to inves-
tigate the reasons for implementing ISO/IEC 27001 and ISO/IEC 27002, the impact as well as 
the success factors. As a result, they found that organizations adopt these standards for both 
internal reasons (increasing the quality of services offered (1), reducing the costs of security 
operations (2), and improving the company's risk profile (3)) and external reasons (meeting 
customer requirements (4), compliance with legal requirements (5), and marketing reputa-
tion/brand (6)). In terms of impact, the certification has led to new business opportunities, but 
also to costs related to implementation (e.g., training), certification and consultancy, although 
the financial benefits apparently outweigh the costs incurred. Furthermore, the quality of the 
services offered has improved – all the more so if companies have obtained a certification 
rather than just implementing these standards [10]. The key success factors include the in-
volvement of business-driven departments (rather than only IT administration), senior man-
agement commitment, and adequate staff involvement in implementation. Furthermore, con-
tinuous improvement and clearly defined deviations, as well as previous experience with oth-
er management system standards, have been factors that have helped companies to successful-
ly benefit from these information security standards. [10] 
A limited number of surveys have been conducted in various countries dealing with the adop-
tion of ISO/IEC 27001 and focusing on various aspects of adoption (Table 1).  

Table 1: Previous surveys on ISO/IEC 27001 adoption  

Year Country Sample size # valid Focus of the study Reference 
    (certified) certificates2     
2011 Saudi-Arabia 8 (8) 37 Motives, barriers, impact lessons learned [14] 
2014 Saudi-Arabia 34 (10) 72 Barriers to implementation [15] 
2016 BIH 20 (1) 17 Familiarity with standard, planned adoption [16] 
2018 Portugal 25 (25) 85 Barriers, costs, co-occurrences other standards [17] 
2018 Czech Rep. 33 (21) 463 Motives, relation to national cybersecurity law [18] 
 
The main outcomes, relevant for our study, are summarized in the following:  

Characteristics of ISO/IEC 27001 adopting organizations: 
The result of the study among Portuguese firms from 2018 showed that approximately 64% of 
all ISO/IEC 27001 certified organizations belonged to the ICT sector and that more than 90% 
of all ISO/IEC 27001 certified organizations were also certified against ISO 9001, followed 
by nearly 40% against ISO 14001 and 20% against ISO/IEC 20000 [17].  

                                                
2 In the respective year in terms of valid certificates according to the annual ISO Survey. 
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Motives: 

A study from Saudi Arabia [14] showed that enhancing the organizations' information securi-
ty is the number one motivating factor for the adoption of ISO/IEC 27001, followed by a 
competitive advantage. Customer requirements were not mentioned as motivation in the in-
terviews. A more recent study from the Czech Republic revealed that, in addition to the pro-
tection of customer and proprietary information, regulatory compliance is the main reason for 
implementing this standard, drawing a connection between a national law on cybersecurity of 
2015 and certification against ISO/IEC 27001 [18]. Furthermore, firms relate ISO/IEC 27001 
certification to the General Data Protection Regulation (GDPR), which came into force in 
Europe in May 2018, since the adoption of ISO/IEC 27001 apparently helps firms to comply 
with the requirements set out in the GDPR [17].  

Impact: 
In the study conducted by AbuSaad et al. [14], providing formality and visibility to infor-
mation security management were the main benefits alongside increased organizational confi-
dence in its information security, followed by efficient management of business risk, a change 
in organizational culture with regard to information security, increased customer confidence 
and, finally, improvement of other core services. According to the study conducted in Portu-
gal in 2018, ISO/IEC 27001 certified firms furthermore benefited from competitive ad-
vantages and lower occurrences of security incidents [17].  

Barriers: 
The identification of the organizations' assets was perceived as a primary obstacle for compa-
nies implementing ISO/IEC 27001, which is a prerequisite for determining the scope of certi-
fication. Other obstacles included human resources (HR) or culture-related issues, as well as 
an unclear understanding of the content of the standard [14]. Building upon the findings of the 
previous study, Alshitri and Abanumy [15] found that HR-related issues were the main barri-
ers to implementing ISO/IEC 27001, such as a shortage of information security expertise and 
a lack of training, education, and awareness programs. Portuguese firms also named HR is-
sues (availability of qualified IT staff and allocation of roles), costs (most of the firms spent 
more than 50,000 Euros for the complete implementation and certification process), interpre-
tation of the standard content including documentation efforts and the definition of the scope 
of certification as main difficulties when adopting ISO/IEC 27001 [17]. 

Familiarity with standard and planned adoption:  
A study conducted by Skopak and Sakanovic [16] showed that out of 20 companies in Bosnia 
and Herzegovina, 85% of all contacted firms are familiar with ISO/IEC 27001 and 72% plan 
to adopt this standard in the future. However, only 5% (equivalent to 1 firm) were certified 
against ISO/IEC 27001. 
Overall, all previously conducted surveys are characterized by low participation rates. This is 
mainly due to the relatively small number of valid ISO/IEC 27001 certificates in general – 
e.g., compared to other management system standards such as ISO 9001 or ISO 14001 – and 
specifically in these respective countries at the time the surveys were conducted. Content 
wise, most studies did not build on each other, and all lacked theoretical underpinning. This 
phenomenon was also observed in early diffusion studies on ISO 9001 and ISO 14001 [2]. To 
interpret empirical findings systematically, however, it is helpful to rely on theories from 
management or economics. This allows, firstly, to build on the findings in a structured way 
and, secondly, to transfer the findings to other fields and thus generalize one's own findings 
[19].  
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2.3 Theoretical background and development of research questions  
Tuczek et al. [19] have recently reviewed management theories in the context of quality, envi-
ronment, and social responsibility to which we refer, although the context of information se-
curity is not explicitly covered in their review, supposedly due to the lack of existing studies.  
By analyzing the applied theories of previous studies on management system standards, they 
derive three categories of management theories, namely corporate nature theories (comprising 
transaction cost theory and resource based view), external/stakeholder perspective theories 
(comprising signaling, stakeholder, diffusion of innovation, and institutional theories) and 
process/attitude perspective theories (comprising attitude, high reliability, and organizational 
learning theories).  
For our study, we focus on theories that consider the role of the external environment, apply-
ing the institutional theory to explore the role of societal influence, and signaling theory tak-
ing into account the role of certificates. Applying institutional theory can help explain why 
organizations converge and become similar (isomorphic effect) by taking into account institu-
tional forces and societal influence [20-22]. These can have either coercive or mimetic [23] or 
normative [24] effects on firms or a combination of all these effects [19]. Coercive isomor-
phism refers to the influences (pressures) exerted by governmental authorities or other rele-
vant stakeholders such as customers, trade associations, or even the corporates' headquarters. 
Mimetic isomorphism can be explained by organizations that imitate other organizations that 
are successful and adopt similar strategies. Thirdly, normative isomorphism refers to practices 
established within an industry alongside the professionalization resulting from education, and 
which may also affect the selection of qualified personnel [21].  
 
Institutional theory has been applied in previous studies on information security management 
[25] and other ISO management systems, and it has been found that these forces are relevant 
but can vary over time. In the case of ISO 14001, Delmas and Montes-Sancho [20] found that 
mandatory forces (e.g., those derived from regulation) dominate in the early adoption phase, 
while normative pressures and trade-related aspects are more prevalent in the later phase. This 
effect is evidenced by Arimura et al. [26] concerning ISO 14001, who also recommend gov-
ernment assistance programs to encourage the adoption of ISO 14001 to address public is-
sues. This is supported by Delmas and Montes-Sancho [20], who stated that, especially in 
early diffusion phases, the adoption is largely driven by governmental involvement. There-
fore, a standard requires a certain adoption rate, that triggers further adoption across other 
organizations, i.e., the bandwagon effect, which is not (yet) evident for ISO/IEC 27001 [27].  
In terms of the signaling theory, certificates can help organizations to signal their efforts to 
stakeholders [28, 29] and thus overcome information asymmetries one aspect of market fail-
ures, according to Akerlof [30]. Previous studies have referred to the signaling theory con-
cerning motives for adopting management system standards, benefits, and impacts on perfor-
mance, exemplified by ISO 14001 [31, 32], and ISO 9001 [33, 34]. As shown by Terlaak and 
King [33], the certification to management system standards such as ISO 9001, is particularly 
beneficial when there is a high information asymmetry between producers and buyers. Ac-
cording to Anderson and Moore [35], high information asymmetry often occurs in the case of 
information security referring for example to the market of secure software as a 'market of 
lemons' [35] with a notion to Akerlof [30]. 
Building on previous research work and resulting from the growing significance of this man-
agement system standard in the regulatory context, we, therefore, focus our study on the fol-
lowing research questions (RQ): 
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RQ1: What are the possible reasons for the (low) adoption of ISO/IEC 27001? 
RQ2: Is there a need for (governmental) intervention? 
RQ3: What would be suitable measures to foster the adoption of ISO/IEC 27001? 
 
To answer these research questions, we first aim at a better understanding of the characteris-
tics of organizations that have adopted ISO/IEC 27001, including the use of multiple stand-
ards by organizations. Secondly, we aim to unearth motives, barriers, and impacts, helping to 
understand the rationale for adopting ISO/IEC 27001 from an institutional and signaling theo-
ry perspective. Therefore, we follow the suggested research, according to Fomin et al. [4], to 
investigate the importance of implementation versus certification when adopting 
ISO/IEC 27001. Thirdly, we aim to analyze the reasons for non-adoption to be able to discuss 
a possible need for intervention and finally to propose useful measures that can be taken, for 
example by policymakers, to increase the adoption of ISO/IEC 27001. 

3 Methodology 

3.1 Interviews and questionnaire design 
To get an overview of relevant aspects regarding the adoption of ISO/IEC 27001 from a man-
agerial perspective, we conducted three in-depth interviews: two firms certified to 
ISO/IEC 27001 and one certification body active in this field. Furthermore, this study builds 
upon seven transcribed interviews that in the field of critical infrastructures: one representa-
tive of the German authority BSI (the Federal Office for Information Security), five energy 
suppliers that fall under the German IT Security Law and one auditor belonging to a certifica-
tion body active in this field.  

The outcome of these interviews, coupled with the results of previous studies from our litera-
ture research, enabled us to design the questionnaire. The questionnaire was developed in an 
iterative process, integrating the feedback from stakeholders we had involved in the design 
stage of the questionnaire, such as certification bodies and experts providing training on man-
agement systems. Finally, we conducted a pre-test with five firms of different sizes and indus-
tries. For this, we used the cognitive technique of the 'Think-Aloud Method" [36]. After the 
pre-test, we asked a series of questions on length and comprehensibility, which helped us to 
optimize the questionnaire accordingly. 

3.2 Content of the questionnaire  
The complete questionnaire contained 137 questions, of which only two were mandatory, and 
most were conditional. Table 2 shows the different sections relevant to this study: 

Table 2. Questionnaire Sections  

Section Content 

�� Organization data 

Industry affiliation (NACE)  
Size (employees, sales) 
Export activity  
Innovativeness 
Standardization activity 
Participant's role in the organization  

�� Use of management system standards 
Certification or implementation w/o certification 
Duration of certification 
Adoption of other management system standards  

�� Adoption of ISO/IEC 27001 Motivations 
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Benefits 
Obstacles 
Useful measures to increase the adoption rate 

�� Non-adoption of ISO/IEC 27001 Awareness of ISO/IEC 27001 
Reasons for non-adopting 

 

The questions aimed at yes/no responses and answers using a 5-point Likert scale, where 1 
stands for "not important" or "not agree at all" and 5 for "very important" or "fully agree," 
respectively. 
Items to measure the motives for implementing ISO/IEC 27001 and the benefits obtained, we 
first derived via literature research from previous studies on ISO/IEC 27001 [10, 14, 18], on 
popular management system standards such as ISO 9001 [37-39],  ISO 14001 [40-43] and 
ISO 50001 [44], and the certification of German firms in general [45]. To specifically include 
items applying institutional theory perspective, we have transferred the motives from a previ-
ous study on the role of institutional pressures for the adoption of environmental management 
systems [24] to the specific objectives of ISO/IEC 27001, namely in relation to coercive pres-
sures (deriving from the legal environment, customers and top management), mimetic pres-
sures (keeping up with competitors that have adopted this standard, gaining market access, 
improving image) and normative pressures (enhancing internal processes and information 
security, increasing employees' awareness for information security). To be able to investigate 
whether the adoption of ISO/IEC 27001 results from concrete occasions such as a security 
breach, we also added this item. While the benefits largely mirror the motives, we also added 
the aspect of a reduced insurance premium as a possible positive impact, as this was identified 
in previous research as a potential driver for ISO/IEC 27001 certified organizations [4, 46]. 

Items on obstacles we derived from previous studies on ISO/IEC 27001 [14, 15, 17], and 
based on our interviews. Finally, we derived possible measures to increase the adoption and 
the reasons for non-adopting, based on the recommendations resulting from our interviews as 
well as from previous research, with some suggestions already made, especially targeting 
SMEs [47, 48]. 

3.3 Data collection 
The data were collected in the course of the newly set up QI-FoKuS initiative (www.qi-
fokus.de), whereas QI-FoKuS stands for "Quality Infrastructure – Research for Conformity 
Assessment and Safety". Therefore, a new recurring survey under this name was launched at 
the end of September 2019 by the Bundesanstalt für Materialforschung und -prüfung (BAM) 
in cooperation with the Technische Universität Berlin (Prof. Knut Blind). QI-FoKuS intends 
to create a long-term data basis to understand the benefits of conformity assessment and ac-
creditation better and to identify future trends.  
Therefore, potential participants were addressed via multipliers. To gain multipliers, our pro-
ject team contacted them (by e-mail, telephone and, upon request, also personally): 

• 30 industry associations from various branches and sizes from the network of our fed-
eral agency, 

• 250 certification bodies listed in the dataset of the German accreditation body 
(https://www.dakks.de/content/akkreditierte-stellen-dakks), 

• 100 representatives of the Chambers of Commerce, identified through a web-search, 
and 
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• Other stakeholders in the field of quality infrastructure, such as the representative for 
ISO/IEC 27001 at the German standardization body DIN or the German Society for 
Quality (DGQ). 

Therefore, we sent out information on the survey, including the link to the online survey, and 
requested to be published in the e-mail newsletters of customers or members, on their web-
sites or other customer communication media channels. As far as the participants are con-
cerned, following a key informant approach [49, 50], we asked quality managers or senior 
management to participate in our survey. 

4 Survey findings 

4.1 Response and sample 
Two hundred and forty-eight respondents started to fill out the questionnaire of our survey. 
Out of these, 134 filled out the questionnaire completely and 114 in part, which corresponds 
to 46% of those who followed the hyperlinks to the survey. As a result of our break-off analy-
sis, we decided to include only those participants who had completed Section 2 (Use of Man-
agement System Standards), which corresponds to 180 responses. Since we did not contact 
the organizations directly but via multipliers, we cannot estimate how many company repre-
sentatives were exposed to our survey and, therefore, cannot calculate a response rate. 
Overall, most of the respondents (n=99) were quality managers, followed by executives 
(n=30). Most of the respondents are active in the chemical and pharmaceutical industry, who 
were contacted by the industry association via an e-mail newsletter explaining disproportion-
ally high responses. Regarding ISO/IEC 27001, most adopters belong to the ICT sector and 
the chemical/pharmaceutical industry (Table 3). 

Table 3: Industry classes according to NACE for the full sample and the ISO/IEC 27001 sample  

 All organizations ISO/IEC 27001 adopters 
 n %  n % 
Chemical and pharmaceutical Industry 37 20.6% 8 15.1% 
Other services 16 8.9% 3 5.7% 
Electrical engineering 13 7.2% 5 9.4% 
Mechanical engineering 13 7.2% 3 5.7% 
Certification and testing 13 7.2% 5 9.4% 
Metal production 11 6.1% 2 3.8% 
Others 10 5.6% 4 7.5% 
Human health /social work activities  8 4.4% 2 3.8% 
ICT 8 4.4% 8 15.1% 
All other  51 28.3% 13 24.5% 

Total          n = 180       n = 53 
 
Regarding size, almost half of the participants in the full sample and the sub-sample of 
ISO/IEC 27001 adopting organizations belonged to very large organizations. (Table 4). 

Table 4. Company size by employees: full sample and the ISO/IEC 27001 sample 

 1-9  
(Micro) 

10-49 
(Small) 

50-249 
(Medium) 

250-499 500-999 >1000 

All (n=180) 20(11%) 19 (11%) 41 (23%) 21 (12%) 11 (6%) 68 (38%) 
ISO/IEC 27001 8 (15%) 6 (11%) 9 (17%) 3 (6%) 2 (4%) 24 (47%) 
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4.2 Certification rates 
When comparing the ratio between the adoption and certification of organizations of the most 
popular management systems standards (Table 5), ISO/IEC 27001 stands out for its low certi-
fication rate. While most of the organizations that have adopted the popular management sys-
tem standards ISO 9001 and ISO 14001 were also certified, less than every second organiza-
tion obtained a certificate to ISO/IEC 27001. Out of these 20 ISO/IEC 27001 certified organi-
zations, 43% were certified within less than three years, 38% between four and nine years 
ago, only 10% more than ten years ago. Out of the non-certified ISO/IEC 27001 adopting 
organizations, 75% do not plan to become certified in the nearer future. 

Table 5. Certification rates of selected management system standards  

 Certified  Non-certified 
Total 
adoption  

% Certified 
of total adoption 

ISO 9001 (n=150) 130 20 150 87% 
ISO 14001 (n=92) 75 17 92 82% 
ISO 450001 (n=69) 35 34 69 51% 
ISO 50001 (n=64) 48 16 64 75% 
ISO/IEC 27001 (n=53) 20 33 53 38% 
IATF 16949 (n=28) 21  7 28 75% 

 
Organizations that have adopted ISO/IEC 27001 have often adopted another management 
system standard. Table 6 shows the co-occurrences differentiated by organizations that are 
certified to ISO/IEC 27001 and have implemented this management system standard without 
certification.  

Table 6. Co-occurrences of ISO/IEC 27001 adopting organizations 

 
ISO/IEC 27001 certified  
(n=20)  

ISO/IEC 27001 non-certified  
 (n=33) 

 Certified Non-certified Certified Non-certified 
ISO 9001  12 (60%) 2 (10%) 24 (71%) 8 (24%) 
ISO 14001  10 (50%) 1 (5%) 20 (59%) 6 (18%) 
ISO 50001  7 (35%) 1 (5%) 10 (29%) 10 (29%) 
ISO/IEC 20000 3 (15%) 1 (5%) / 4 (12%) 
ISO 45001  4 (20%) 4 (20%) 7 (21%) 14 (41%) 
IATF 16949  4 (20%) 0 3 (9%) 6 (18%) 
All other 6 (30%) 4 (20%) 10 (29%) 6 (18%) 

 

Out of the 20 organizations certified to ISO/IEC 27001, for example, 60% are also certified to 
ISO 9001 and 50% to ISO 14001, which shows a high degree of co-occurrences between the-
se management system standards. Organizations that have adopted ISO/IEC 27001 without 
certification even showed a higher co-occurrence with ISO 9001 and ISO 14001 with 71% 
and 59%, respectively. 

4.3 Motives, benefits, and obstacles of ISO/IEC 27001 adoption 
In the following, the results for organizations that have adopted ISO/IEC 27001 are presented 
in terms of motives, benefits, and difficulties encountered. Therefore, we asked the partici-
pants to rank the answers on a 5-point Likert scale (1 does not apply, and 5 fully applies). We 
differentiate between organizations that are certified and those that have implemented 
ISO/IEC 27001 without being certified (non-certified) and present the mean score of each 
item in hierarchical order in Tables 7, 8, and 9. To test for significant differences between 
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these two subgroups, we conduct a Mann-Whitney-U Tests (MWU-Test, also referred to as 
Wilcoxon rank-sum test) as a nonparametric alternative to the t-test, which is suitable in the 
absence of normal distribution and which is based on ranks [51, 52].  

Motives 
The results presented in Table 7 shows the motives for certified (ranked) and non-certified  
ISO/IEC 27001 adopting organizations, including the results of the subgroup comparison.  

Table 7: Motives for adopting ISO/IEC 27001 

Motives Certified  Non-certified Subgroup comparison 

 mean (N) mean (N) MWU-Test p-value 

Ensure legal compliance 4.4 (14) 4.0 (25) 1.11  0.29 
Increase employees’ IS awareness  4.1 (15) 3.5 (25) 2.45  0.12 
Reduce risk of security breaches 3.9 (14) 3.9 (24) 0.12 0.73 
Improve internal processes 3.6 (14) 3.6 (24) 0.04  0.84 
Fulfill customer requirements  3.3 (13) 2.8 (24) 0.86 0.35 
Fulfill top management requirement 3.2 (14) 2.9 (23) 0.35  0.55 
Improve domestic market access 3.0 (12) 2.3 (23) 1.71  0.19 
For marketing/reputational reasons   2.9 (14) 2.6 (23) 0.32 0.57 
To be first to adopt ISO/IEC 27001 2.5 (13) 1.7 (24) 3.38 0.07 
Improve international market access  2.4 (14) 2.0 (23) 0.34  0.56 
Competitors adopted ISO/IEC 27001 2.3 (13) 1.7 (23) 2.92  0.09 
As reaction of concrete occasion 1.2 (13) 1.7 (22) 2.86 0.09 

 
Ensuring legal compliance, followed by raising employees' awareness regarding information 
security of certified organizations among employees and reducing the risk of security breach-
es for the implementing organizations, are the highest ranked motives to adopt ISO/IEC 
27001. On the other hand, pressure arising from competitors who have already adopted this 
standard and adopted ISO/IEC 27001 after a concrete occasion was at the bottom of the rank-
ing. Comparing both subgroups, certified organizations are significantly more pushed by 
competitor-driven motives (either to be certified first or to catch up with competitors), and 
non-certified organizations adopting ISO/IEC 27001 are more motivated to implement this 
management system standard after a concrete occasion than certified organizations. 
Benefits 

The answers in terms of the benefits offered by organizations that have adopted 
ISO/IEC 27001 are presented in Table 8.  

Table 8: Benefits after adopting ISO/IEC 27001 

Benefits Certified  Non-certified Subgroup comparison 

 mean (N) mean (N) MWU-Test p-value 
Increased employees’ IS awareness 3.9 (15)    3.8 (25) 0.28  0.60 
Reduced risk of security breaches 3.8 (15) 4.1 (24) 0.81 0.37 
Increases org. information security 3.7 (15) 4.2 (25) 1.08 0.30 
Higher legal compliance 3.6 (15) 3.8 (24) 0.34  0.56 
Better reputation 3.4 (14) 2.5 (24) 4.06 0.04 
Reduction of security-breach costs 2.9 (14) 2.7 (20) 0.32 0.57 
Higher sales (related e.g. to certificates)  2.8 (14) 1.8 (22) 5.01 0.03 
Lower insurance premiums 1.9 (11) 2.3 (17) 0.49 0.48 
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Participants state that employees' awareness of information security has increased while the 
risk of security breaches has decreased. Comparing the subgroups reveals, that certified or-
ganizations benefit more from a better reputation and increased revenues related to the proof 
of adoption and the respective certification than non-certified organizations. 
Obstacles  

Table 9: Obstacles related to ISO/IEC 27001 adoption 

Encountered difficulties Certified  Non-certified Subgroup comparison 

 mean (N) mean (N) MWU-Test p-value 
High time investment 3.4 (14) 3.6 (23) 0.54 0.46 
External consulting needed  3.2 (14) 2.7 (21) 0.93 0.33 
High cost investment 2.9 (14) 3.0 (23) 0.18 0.67 
Complexity of standard content 2.9 (14) 2.8 (23) 0.03 0.86 
Lack of internal expertise (IT-personnel) 2.4 (14) 2.9 (23) 0.85 0.36 
Difficult definition of scope 2.3 (14) 2.3 (22) 0.11 0.74 
Uncertainty about benefit 2.3 (14) 2.5 (23) 0.22 0.64 
Few consulting services available 1.9 (12) 2.6 (19) 2.13 0.14 
Little motivation of employees 1.9 (14) 2.6 (23) 2.91 0.09 
Missing commitment of top management 1.5 (14) 2.3 (22) 2.94 0.09 

 
Adopting organizations perceive the time invested as the greatest difficulty. This difficulty is 
followed by the need of help from external consultants, for certified organizations – suppos-
edly also related to the high complexity of the standard content and the lack of internal exper-
tise of the IT-personnel. Regarding the difficulties encountered in adopting ISO/IEC 27001, 
there are significant differences between both subgroups, whereby the low motivation of em-
ployees and the lack of commitment of the top management represent a greater difficulty for 
non-certified than for certified organizations 
Measures to increase the adoption of ISO/IEC 27001  

We asked the participants how they evaluated the concrete measures we proposed and asked 
about their usefulness on a 5-point Likert scale (1=not useful at all and 5=very useful).  

Table 10: Measures to increase the adoption of ISO/IEC 27001 

Usefulness of measures  
to increase the adoption  

Certified  Non-certified Subgroup comparison 

 mean (N) mean (N) MWU-Test p-value 
Customer requires adoption  4.5 (12) 3.5 (23) 4.34 0.02 
Provide practical training for employees 4.4 (13) 3.6 (25) 4.14 0.04 
Legislator requires adoption 4.2 (13) 3.3 (26) 4.83 0.03 
Support best practice exchange 4.2 (13) 3.5 (26) 3.47 0.06 
Increase awareness of ISO/IEC 270011 4.1 (14) 3.7 (26) 1.45  0.23 
Financial support for consulting services 4.0 (13) 3.8 (25) 0.55 0.46 
Financial support for certification expenses 3.9 (13) 3.8 (25) 0.29 0.59 
Implementation guidance, esp. for SMEs 3.8 (13) 4.2 (24) 0.36 0.55 

 
Most of the measures were rated as useful. However, as shown in Table 10, the results reveal 
significant differences when comparing the two subgroups. While certified organizations rate 
the demand for proof from regulators and customers high(est), non-certified organizations rate 
these measures as useful to a lesser extent. Both sub-groups suggest providing financial 
support in addition to implementation guides and practical training for employees. 

218



Furthermore, supporting the exchange of best practices is also perceived as highly useful by 
both subgroups, especially by certified organizations.  

4.4 Non-adoption of ISO/IEC 27001  
We asked those respondents of our survey who have not adopted ISO/IEC 27001 whether 
they are familiar with ISO/IEC 27001, which is the case for 71% (n=114) of all participants, 
while 29% of the participants have never heard of ISO/IEC 27001. For those respondents who 
are aware of ISO/IEC 27001, most organizations do not plan to adopt ISO/IEC 27001 in the 
nearer future, and if they do, then more often without certification. 

Table 11: Planned adoption of ISO/IEC 27001, n=80 

Yes,  
with certification  

Yes,  
w/o certification No Don't know  

3 (4%) 13 (16%) 51 (64%) 13 (16%) 

 
Table 12 shows for organizations that are aware of ISO/IEC 27001 – but do not plan to adopt 
it in nearer future – why this is the case. Reasons can be found since neither customers, legis-
lators, nor top management require or consider it necessary to adopt ISO/IEC 27001. Fur-
thermore, a lack of personnel is a frequently cited reason for non-adoption, followed by the 
fact that IT is outsourced to a service provider. The fact that the company is not a potential 
victim was only mentioned by approximately one in ten participants, indicating that organiza-
tions are likely very aware of this potential threat.  

Table 12: Reasons for non-adoption of ISO/IEC 27001, N=64 

Reason for non-adoption (multiple responses possible) N= % 
My customers do not ask for it 27 42% 
The legislator does not require it 19 30% 
The top management sees no need or has rejected it 18 28% 
Not yet specifically thought about it 16 25% 
No personnel available for the introduction of an ISMS 15 23% 
IT is outsourced to a service provider 14 22% 
Costs outweigh the benefits 12 19% 
My company is not a potential victim for attack/hacking 7 11% 
ISO 9001 covers information security sufficiently 7 11% 

5 Discussion of the findings  
In terms of organizational characteristics, most of the ISO/IEC 27001 adopting organizations 
belonged to the ICT sector and the chemical sector and were large in terms of the number of 
employees. The strong association with the ICT sector and larger firms size regarding 
ISO/IEC 27001 certification are in line with the results of a previous study in Germany [12], 
while the large representation of firms in the chemical sector is likely attributed to the specific 
sample of our survey.  
Also in line with the results of the web mining of German firms [12], the adoption of 
ISO/IEC 27001 is spurred by the previous adoption of another management system standard 
such as ISO 9001, as indicated by the high co-occurrences followed by ISO 14001 and the 
comparatively small co-occurrence with ISO 50001. This finding confirms previous studies 
on the positive effect of the previous adoption, which was previously also shown in the case 
of ISO 14001 and ISO 9001 [53]. 
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Analyzing the certification rates reveals that ISO/IEC 27001 stands out from all other man-
agement system standards in terms of a low certification rate, which shows the important dif-
ference of implementation versus certification, as suggested by Fomin et al. [4]. This finding 
provides the first reasons for the low adoption, indicating that the adoption is actually higher 
than one might expect considering the annual ISO Survey data, taking into account also non-
certified organizations. A possible explanation is that, when applying other management sys-
tem standards, organizations may have experienced that they can make use of these standards 
without having to seek external attestation, which could also be explained by the recent de-
creasing number of ISO 9001 certificates.  

As far as the motives of the ISO/IEC 27001 adopting organizations are concerned, they were 
mostly driven by the need to ensure legal compliance. This applies to all ISO/IEC 27001 
adopting organizations – although to an even greater extent to certified organizations. Institu-
tional pressures exerted by customers or competitors played a less relevant role, which con-
firms a previous study that ISO/IEC 27001 was not adopted at customer request [14]. From 
the signaling perspective, the organizations were less motivated by image reasons or to be the 
first (or one of the first) to adopt ISO/IEC 27001 in their respective industry. However, this 
motive was rated higher by certified organizations than by non-certified organizations, which 
shows the relevance of certification as a means of signaling. Apart from ensuring legal com-
pliance, the organizations adopting this standard were most driven by preventive reasons, 
which is the core aim of this management system standard. Therefore, this characteristic of 
ISO/IEC 27001 reveals differences to other management system standards were adopting or-
ganizations are either motivated intrinsically (such as an increase of sales or reduction of costs 
in the case of ISO 9001) and/or for external reasons (such as enhanced stakeholder relations 
in the case of ISO 14001) [2]. 
In terms of perceived benefits, most of the organizations that adopted ISO/IEC 27001 benefit-
ed from increased employees' awareness and were able to minimize the risk of security 
breaches and overall information security in their organizations. Although certified organiza-
tions benefited more from a better reputation and increased sales than non-certified organiza-
tions, the main benefit is the avoidance of potential damage, followed by enhanced legal 
compliance. 
Summarizing, our results show that ISO/IEC 27001 adopting organizations were primarily 
motivated to introduce this management system standard for preventive reasons (as an intan-
gible benefit) or by institutional pressure in terms of meeting regulatory requirements. Com-
mercial aspects such as increased turnover or cost decreases were perceived as less relevant, 
which, therefore, poses higher challenges to quantifying the impact of ISO/IEC 27001 in con-
trast to other management system standards. Our findings, thus, help to explain the results of 
a previous study showing that the adoption of ISO/IEC 27001 does not significantly impact 
the financial firm performance [54]. This critical aspect has also been recognized by the 
standards developing organizations (SDOs) that have published a guideline to enable econom-
ic decisions in information security management by top management 
(ISO/IEC TR 27016:2014: Information security management – Organizational economics). 
For example, it presents theoretical examples of business case calculations based on minimiz-
ing the negative impacts of identified risks and satisfying stakeholder obligations and expec-
tations.  
An analysis of obstacles shows that adopting organizations faced difficulties in terms of time 
and cost investment and the need for external consultancy. Furthermore, the content complex-
ity of the standard and the need for external consulting for its implementation were perceived 
as high obstacles that could discourage organizations from implementing this management 
system standard without (costly) external guidance. 
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As for the analysis of non-adopting organizations, most participants were aware of ISO/IEC 
27001 but do not plan to adopt ISO/IEC 27001 in the future. If they do, most of them plan to 
adopt ISO/IEC 27001 without certification, which again indicates the lower relevance of cer-
tification for this management system standard. Reasons for non-adoption are mainly found in 
the lack of external (e.g., customers and legislators) and internal (top management) demand 
for adoption of this standard.  
Reasons for the low adoption can, therefore, also be attributed to the fact that only a certain 
number of organizations themselves see the need to encounter the risk for information securi-
ty by adopting an ISMS following ISO/IEC 27001 (and thus possibly anticipate possible regu-
lation), while most do not. In this context, Moore [55] discussed the economic challenges of 
cybersecurity, which include misaligned incentives, information asymmetries, and externali-
ties. Therefore, information security (which is part of cybersecurity, see [56] for further de-
tails) is likely related to market failure, and, therefore, according to Moore [55], requires poli-
cy intervention such as regulation, liability rules, or information disclosure.  
From an institutional theory perspective, it might, therefore, be a need to spur the adoption of 
ISO/IEC 27001. This can be exerted in a coercive way by political decision-makers (e.g., 
through regulation) as well as by customer and business partners along the supply chain, e.g., 
by introducing ISO/IEC 27001 alongside ISO 9001 and ISO 14001 in quality assurance 
agreements. Since obtaining a certificate requires even more investment than adoption with-
out certification, regulators, but also customers should however carefully consider whether 
certification is needed or whether a self-declaration of conformity may be sufficient keeping 
in mind that non-certified ISO/IEC 27001 adopting firms benefited from adopting 
ISO/IEC 27001 in a similar way as certified firms in terms of increasing information security.  

Spurring the adoption of ISO/IEC 27001 can also be supported by providing incentives. In the 
case of ISO 50001 for energy management, for example, German organizations can benefit 
from tax reliefs [44] and additionally from governmental subsidies related to consulting and 
initial certification. These measures should preferably be explicitly aimed at SMEs that have 
adopted ISO/IEC 27001 to a lesser extent, which can also lead to mimetic behavior among 
competitors. Furthermore, providing practical training and the exchange of best practices can 
increase normative isomorphism, which also can lead to higher adoption of ISO/IEC 27001.  
As almost one-third of the respondents to our survey were not aware of this management sys-
tem standard, it is, furthermore, recommended that initiatives be launched (e.g., led by SDOs, 
certification bodies, consultants, or governmental authorities) to raise awareness of infor-
mation security, the need for an ISMS and ISO/IEC 27001. This aspect was also scored high 
when asking the participants about suitable measures to increase the adoption of 
ISO/IEC 27001 among German organizations.   

6 Conclusion, limitations, and future research 
This paper examined the factors (motives, benefits, obstacles) that influence the adoption of 
ISO/IEC 27001. The findings of this study have furthermore led to a further understanding of 
the characteristics of ISO/IEC 27001 adopting firms. As far as for the reasons for the low 
adoption of ISO/IEC 27001, this can firstly be found in organizations adopting 
ISO/IEC 27001 without being certified, which are not covered by the annual ISO Survey. 
Secondly, organizations are often neither sufficiently motivated intrinsically to adopt ISO/IEC 
27001 nor under sufficient external pressure to do so. This leads to low adoption of ISO/IEC 
27001, assumable, especially outside the ICT sector.  
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Therefore, we propose that stakeholders should actively promote the further adoption of 
ISO/IEC 27001. This can happen on a voluntary basis by encountering the difficulties in im-
plementation ISO/IEC 27001 as reported by our participants, such as reducing time, cost, and 
perceived complexity of the standard content. However, if these measures are not sufficient to 
significantly increase confidentiality, integrity, and availability of information as part of the 
organization's processes by application of ISO/IEC 27001 in the nearer future, mandatory 
adoption could be considered following a risk-based approach. The requirement of imple-
menting ISO/IEC 27001 could be integrated into cybersecurity certification schemes currently 
being developed within the European Cybersecurity Act, which provides for mandatory ap-
plication from 2023.  
As far as the limitations of our study are concerned, conducting a survey is particularly help-
ful in identifying the underlying motives, although it does raise problematic issues.  
Firstly, surveys often suffer from positive response bias, as has already been shown exempla-
rily in the case of ISO 9001 [8]. This is, even more, the case when quality managers fill out 
questionnaires [57], which was frequently the case in our study.  

Secondly, we have not operationalized the impact variables into quantifiable measures (such 
as concrete figures on security breaches before and after the implementation of 
ISO/IEC 27001). We have done this for reasons of simplicity and confidentiality and have 
therefore measured perception rather than quantifying the impact.  

Thirdly, our survey suffers from a lack of representativeness. Due to our multiplier approach, 
we had to rely on others to forward the link to their customers and members, as we could not 
draw a representative picture of the adoption of ISO/IEC 27001 in Germany. Despite great 
efforts to mobilize multipliers, the number of participants was relatively moderate. Therefore, 
our study is characterized by small sample size. The low participation rate is in line with pre-
vious studies on information security research, which reveals that it is difficult for researchers 
to gain data on information security practices. Because of this sensitive issue, organizations 
may be unwilling to respond to mass mailings as a survey instrument [5]. To gain a deeper 
understanding, a survey with a larger participant base and greater representativeness is there-
fore recommendable. 

As for the limitation on the theories applied, institutional and signaling theory might not be 
sufficient to explore the adoption of ISO/IEC 27001. Due to the specific attributes of 
ISO/IEC 27001, the application of these commonly used management theories only allows to 
a certain extent to benefit from learning about the adoption and diffusion of other manage-
ment systems. Therefore, a new perspective on the adoption of ISO/IEC 27001, derived from 
research on innovation adoption, may seem appropriate, which was already proposed when 
the adoption of ISO/IEC 27001 was considered as preventive organizational innovation [13].  
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The aim of this paper is to analyse the aspects influencing the extent of 
participation in the development of regional and international standards of 
stakeholders of a specific country and to identify possible limitations and necessary 
improvements to foster comprehensive contribution to standardization for 
countries with lower influence on standardization decisions. An empirical study of 
the experience of Latvia is performed in this paper. The research methodology is 
based on the analysis of literature on standardization, standardization processes 
and standards development. Systematic literature review methods such as overview 
and scoping review are applied in the paper. Expert opinion surveys, inviting 
standardization experts and standards users, are carried out to reflect the current 
situation. Methods such as logical and comparative analysis are also applied 
throughout the research. 
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1 Introduction 
Different countries have different roles and impacts in standardization. The results of 
standardization work provide guidelines, requirements or general guidance to achieve the 
intended results, including interoperability of products and systems, and solutions to complex 
problems in various fields. Standardization plays an important role in the performance of the 
international conformity assessment system as ensuring uniform conditions for conformity 
assurance, promoting a common understanding of criteria, concepts and approaches, and 
contribution to the reliability of results including those of products, processes and systems are 
of growing importance. The level of participation in standards development processes, 
however, varies by country and is primarily dependent on the priorities of the industry and the 
available human resources of organizations with appropriate competence to participate in 
standardization processes. Among other conditions, the factors influencing the extent of 
possible involvement of each participant include the available financial and time resources, 
technical expertise and support offered by the involved parties of the country in question.  
The current influence on standards development is determined not only by the limited 
representation of national experts in the work of technical committees (TCs), but also by the 
existing decision-making procedures and internal regulations within standardization 
organizations. Although standardization decisions are based on consensus, in some cases a 
calculated vote is required. Within ISO/IEC, for example, the principle of one country, one 
vote among members is in place and decisions are made by calculating the majority of votes, 
therefore ensuring equal opportunities for all member countries to influence the decisions 
taken (ISO/IEC, 2019). On the European level, weighted voting is taken into account in 
certain areas of standardization work where the weighting of a country's vote is periodically 
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reviewed and redefined according to the country's macroeconomic and population ratios. It 
must, however, be noted that these policies do not usually affect the technical work of 
standards development. In the case of CENELEC, for example, the weightings allocated to 
each member are as follows (see Table 1):  

Table 1. Weightings allocated to the CENELEC national members in case of weighted voting 
(CEN/CENELEC, 2018) 

Member country Weighting 
France, Germany, Italy, Turkey, United Kingdom 29 
Poland, Spain 27 
Romania 14 
Netherlands 13 
Belgium, Czech Republic, Greece, Hungary, Portugal 12 
Austria, Bulgaria, Sweden, Switzerland 10 
Croatia, Denmark, Finland, Ireland, Lithuania, Norway, 
Slovakia, Serbia 

7 

Cyprus, Estonia, Republic of North Macedonia, Latvia, 
Luxembourg, Slovenia 

4 

Iceland, Malta 3 
 

In CEN, the weightings are allocated based on the population weight of all member countries 
participating in the voting (CEN/CENELEC, 2018). Thus, for countries with lower 
weightings in voting, particularly, wholesome participation in certain areas of standardization 
work can be challenging if policies that provide uneven possibilities for influencing the 
decisions taken are in place. In this paper the analysis on the aspects influencing the 
participation in standards development is performed considering the specific example of 
Latvia. As industry-specific, strategic alliances for standards development are currently not 
common in Latvia, the focus is set on de jure standardization in country-based consensual 
standardization processes where Latvia can be considered as a country with a relatively 
moderate but growing potential to expand its standardization activities (further discussed in 
section 4). Also, as seen in Table 1, Latvia has a relatively lower weighting for voting in 
specific areas in European standardization. Hence, for the purposes of this paper the 
expression country with a lower influence on standardization decisions is applied considering 
the groups of countries with less resources and current capacity to participate in 
standardization work and lower influence in specific cases of standardization voting, therefore 
the conclusions drawn in this paper are rather not applicable for countries with higher current 
capacity to influence standardization decisions. Based on the above discussion the following 
research question is articulated – what is the role of a country with lower influence on 
standardization decisions in the processes of international (ISO/IEC) and regional 
(CEN/CENELEC) standards development and how to enhance the effectiveness and efficiency 
of participation in these processes? 

2 The Importance and Benefits of Standardization 
Nowadays, standardization is more than a simple process of elaboration of technically 
specific documents used by producers and buyers. Standardization ensures alignment of 
approaches, systems and processes and the benefits of alignment can be seen for industry and, 
ultimately, communities and non-governmental organizations such as trade associations (De 
Vries et al., 2017). Different stakeholder groups are involved in standardization activities. 
Standards are elaborated in a complex environment where the requirements of stakeholders 
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and the expectations for sustainability are in the foreground as standards, especially with the 
implementation of integrated management systems covering multiple areas of organizational 
performance, contribute to the sustainable development of organizations (Mežinska et al., 
2015). With the continuous development of concepts such as sustainable development and 
circular economy the input from standards and the increase of standards development relating 
to these topics is found present (Ávila-Gutiérrez et al., 2019). Also, the development of digital 
solutions to problems in the context of industrial revolution emphasizes the role of standards 
in supporting cyber security and the development of new solutions to improve the life quality 
of communities and to the decreasing of environmental output (Vitunskaite et al., 2019). The 
contribution of standards to the general public and communities can also be observed through 
the coverage of issues related to ensuring safety of product users (Isaksson et al., 2009). For 
example, the European Union defines directives supported by related harmonised standards 
that provide clear requirements and guidelines for product safety considerations and design 
processes, hence standards also contribute for the activities of companies to be more exigent 
and transparent (Vasara et al., 2015; Farinha et al., 2013). The application of standards 
thereby facilitates business activities for promotion of new product development and 
application of innovative solutions as a result of well-recognized and attested activities 
(Liepi
a et al., 2013). It can also be observed that research and scientific developments may 
lead to the development of new standards, therefore the contribution can be identified for both 
sides (Srisa-ard et al., 2012; Zoo et al., 2017). 
As stated by de Vries et al. (2017), the emerging different systems of technical regulations, 
standards and conformity assessment result in conditions where the alignment within these 
categories is difficult. Various types of standards are available for the industry providing 
guidance for ensuring quality and conformance to specifications and safety of products and 
processes (Nepal et al., 2007).  Depending on the industry, the number of applicable and 
eligible standards in the particular organization can be high – among them, but not only, 
widely known management system standards which form a framework of requirements for 
quality, environmental and occupational health and safety management. Some of the most 
popular standards covered in research articles on management issues are the ISO 9000 series 
standards that provide guidance for organizations to implement quality systems, thus helping 
to improve the satisfaction of customers and fostering the effectiveness and application of 
conformity assessment activities (Franceschini et al., 2010; Othman, 2015; Liepi
a et al., 
2014). Standards also provide methods to perform specific conformity assessment procedures 
that are thereby verified by international organizations or associations (Osman et al., 2019).  
In addition, integrated management systems are being implemented, covering areas such as 
environmental management and occupational health and safety management (Mežinska et al., 
2015; Reis et al., 2018). Studies on integrated management systems also introduce the role of 
standardization in supporting the implementation of the increasingly important practices of 
corporate social responsibility as standards provide guidelines on the possible areas where 
such practices can be implemented (Yoo et al., 2019; Mežinska et al., 2015).  
Alongside consensual standardization in the international, regional and national levels 
standards for certain industries are developed by industry experts in alliances and consortia. 
The motives to participate in standards development include the designing of industry-
friendly requirements of regulations through influencing underlying standards, enforcing 
company-specific content in standards and ensuring knowledge exchange, including keeping 
track of other companies’ technical knowledge (Blind et al., 2016). For example, BRCGS 
global standards for food safety, packaging and packaging materials, storage and distribution, 
consumer products, agents and brokers, retail are elaborated by experts from retailers, 
manufacturers and food service organizations (BRCGS, 2020), International Featured 
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Standards are developed by IFS TCs and WGs covering the processes along the supply chain 
(IFS Standards, 2020). In the field of forest management standards that support sustainable 
and responsible forest management are developed by Forest Stewardship Council, and are 
being used worldwide. North Atlantic Treaty Organization (NATO) standards establish 
common requirements for all NATO member states. Common standards are therefore helping 
to achieve interoperability among NATO’s forces (NATO, 2020). 
Standardization is an important part in any aspect of our lives therefore active, wholesome 
participation in standards development processes provides an opportunity to influence the 
consequential effect on areas covered by the standardized solutions and protect the interests of 
communities and businesses of the participating countries by influencing the decisions taken 
in these standards development processes.  

3 The Influencing Factors for the Participation in Standards 
Development 

The level of participation in standardization processes is highly dependent on the economy of 
the respective country. Countries with lower influence on standardization decisions must set 
priorities for industrial areas and technical scopes which are most important for the industries 
and the economy of the country and brings certain value for all stakeholders of the country. 
Standards are important instruments to ensure that products, services, processes and systems 
satisfy regulatory requirements as various types of standards are available for the industry to 
ensure high quality, conformance to specifications and safety of new products and processes 
(Francis et al., 2012). For example, through the use of harmonized standards, which are 
accepted on a broader European or international level, stakeholders are able to demonstrate 
compliance with relevant EU legislation (Kalbe et al., 2019).  

Decision-making principles in standardization are based on stakeholder involvement and 
consensus. Standardization as whole and the involvement of industry (companies) in the work 
of national TCs can be considered an essential factor for the growth of the national economy 
and competitiveness. For example, in France, the contribution of standardization to economic 
growth was estimated 0.81%, or almost 25% of GDP growth (Miotti, 2009). In research on 
the economic contribution of standards to the UK economy, it was found that 37.4% of UK 
productivity growth, 28.4% of annual GDP growth and increase of exports can be attributed 
to standards (Hogan et al., 2015).  In Germany, the annual economic benefit from standards 
resulted in about 0.72% of GDP growth, or about 17 billion EUR (Blin et al., 2011). In 
Australia, the 1% increase in standards development is associated with a 0.17% increase in 
GDP, or around 2.78 billion AUD (Standards Australia, 2017). 
Although research on the influence of standardization activities to the macroeconomic figures 
of countries with lower influence on standardization decisions is limited, analysis on the 
relevance of standardization to developing countries has been conducted by authors such as 
Zoo et al. (2017) concluding that “in general, developing countries face constraints of 
technical, organizational and financial nature in participation in international standardization 
processes, leading to a lack of representation of actors from developing countries in major 
international standards development organizations.” The inadequate levels of resources and 
capabilities in the innovation system in developing countries are also named as factors that 
make it particularly important to involve various stakeholders and encourage different types 
of collaboration among them. Research also emphasizes the important roles of governmental, 
technological and industrial support within the necessary interactions among all stakeholders. 
However, it is stated that the development of standards, in contrary of standards distribution 
and adoption, is not usually the main aspect of analysis (Zoo et al., 2017).  
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The connection of participation in standardization and innovation on a country level has been 
also analysed by authors such as Choung et al. (2012) where the importance of national 
standards capability in a country's innovation strategy is emphasized, also noting that the 
capabilities of standardization could be obtained by the participation in formal 
standardization. That suggests that participation in the development of standards may be 
linked to a country's continued ability to implement its innovation strategies, which can also 
be considered as a high importance aspect for countries with lower influence on 
standardization decisions. 
The influencing factors for participation in standardization activities can also be emphasized 
on the organization level. For example, companies with cross border activities choose to 
participate in standardization processes as it contributes as an instrument for trade facilitation 
and promotion. The linkage between standards and innovation has also been found present as 
standards play a role in fostering scientific developments and innovation activities in 
organizations which promotes the development of new products and services (Mangelsdorf, 
2009). A growing body of literature recognizes that in response to standards the processes of 
innovation can be fostered (Nishitai et al., 2016). Decisions for participating in 
standardization activities are also made regarding the benefits this technical cooperation 
brings to organizations including the facilitation of the creation of alliances and promotion of 
the exchange of technical expertise between organizations that contributes to the development 
of knowledge and social capital of these organizations (Isaak, J., 2006). Since standardization 
can be considered key to shaping new technologies and supporting the increased importance 
of platforms, development of technologies and innovating large-scale complex systems, it can 
also be stated that the role of standardization within the industrial revolution and its impact on 
development trends is increasing (Wiegmann et al., 2017). It can be considered especially 
important as in the view of changing market needs and scientific developments continuous 
improvement of standards and standardization processes is being implemented, thus 
connecting standardization to processes of improvement and conformity assurance which can 
be considered as an integral component of emerging technologies (M	kva et al., 2016). 
Participation in standardization processes in many cases is dependent on the keenness of 
individuals as this activity requires certain standardization knowledge and time allocation. For 
most standardization experts the participation in standardization is not their daily work routine 
and the work effort devoted to standards development can be considered as rather low (Spring 
et al., 1995). Nevertheless, participation in standardization activities brings benefits for these 
individuals as well as the participation in the work of a TC or a WG ensures the development 
of technical knowledge and opportunities to expand the size of one’s network within the 
specific industry (Riillo, 2013). However, it can be noted that roles played by experts vary 
due to the size of the represented organization. For example, larger organizations have the 
necessary resources for influencing the processes to a larger extent by ensuring the 
participation of more influential and experienced representatives in standardization work and 
having the opportunities to send more experts to technical committee meetings than smaller 
organizations that may not have the expertise or resources for such influence and involvement 
in standardization activities (Umpathy et al., 2007).  
The involvement in the global standardization processes is essential as in this way the 
preconditions for the potential users of standards, including countries with lower influence on 
standardization decisions and industries that operate within them are in place to ensure that 
stakeholders become aware on the standards content in the very early stages of their 
development and in preferred cases, being experts of TCs and WGs, influence the 
development of the content of the standards directly. 
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4 The Experience of Latvia 
The economic development of Latvia, a member of the European Union, is characterised by 
stable economic growth in an average 3,5% annually between the years 2011 and 2018. The 
total GDP has grown from 21,9 billion euros (2012) to 30,7 billion euros (2019, forecast) 
(Macroeconomic review of Latvia, 2019 October). In 2019, the growth has become more 
moderate as it is estimated 2,5%. On the total population of 1 920 thousand people the 
unemployment rate in Latvia is 6,3%. Located by the Baltic sea, the total area of Latvia is 64 
589 km2 (CSB, 2020). 

The standardization policy in Latvia is determined by the Standardization Law. In accordance 
with this law, the standardization process is coordinated by the Latvian National 
standardization council which is a consultative body that participates in the development of 
the national standardization policy and reviews and submits national standardization programs 
for further approval. The Latvian National standardization council participates in the drafting 
of laws and regulations related to standardization. The by-law of the Council is approved by 
the Cabinet of Ministers and its work is organized by the Ministry of Economics of the 
Republic of Latvia. The national standards body “Latvian standard” Ltd (LVS), is a state-
owned company with 100% holding in the Ministry of Economics. The core business 
processes of LVS are the development of standards and their dissemination. LVS implements 
the state policy in the field of standardization, contributing to the quality infrastructure of 
Latvia, and it operates on a non-profit basis for the common good of society by providing 
standardization products and services to interested parties. LVS is a member of European and 
international standardization bodies – CEN, CENELEC, ISO, associated member of IEC and 
has signed a Memorandum of Understanding with ETSI.  

4.1 Interest in Standards of National Stakeholders 

To identify the main drivers for acquisition and application of standards in Latvia, the 
methodology based on surveys for standards users was applied in collaboration with LVS in 
years 2018 and 2019. The target groups of respondents include legal entities that are 
registered on the online standards browsing system of LVS and have purchased at least two 
standardization documents (year 2018: 150 respondents, response rate: 10.58%) and at least 
one standardization document (year 2019: 148 respondents, response rate: 9.22%) from the 
LVS e-shop. The companies surveyed include both ones that participate in the work of 
technical committees of Latvia and ones that are involved in standardization activities as 
standards users only. The results of the survey are illustrated in Figure 1.  
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Figure 1. Summary of responses to the survey question “What are the drivers for acquiring and 
applying standards for your organization?” 

It can be observed that the overall disposition of results remains similar through the lapse of 
the two years of the survey period. The results indicate that standards are crucial for the 
operation of a significant proportion of the organizations surveyed and the operation of these 
organizations would not be possible without the application of standards. It can also be 
observed that the other main drivers for acquiring and applying standards in companies are 
regulatory requirements and the interest of the organizations to obtain information from 
standards. As presented by the responses, approximately one fifth of the respondents indicate 
that the application of standards is a common practice in the industry they represent and the 
conformance to the requirements or guidelines of the standards is required by customers and 
business partners. In addition to the remaining aspects listed, other factors mentioned by 
respondents influencing the acquiring and application of standards include the implementation 
of integrated management systems and ensuring conformance to the requirements of 
management system standards and sector-specific quality standards, certification and 
accreditation of institutions, systems and methods, performing surveillance activities, 
preparing proposals for improvements in legislation and performing research on the topic 
covered by the specific acquired standards. 

4.2 Involvement in national technical committees 

There are currently 57 registered national TCs in LVS. The most activity of national 
standardization stakeholders can be observed in standardization sectors such as construction, 
building information modelling, timber, machinery and work equipment, quality management 
and conformity assessment. The proportional distribution of different stakeholder groups 
participating in national TCs of Latvia is illustrated in Table 2. 
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Table 2. Stakeholder groups represented in national TCs of Latvia 

Stakeholder group Percentage of the total 
number of stakeholders 

Industry/Private sector (SMEs) 31% 

Non-governmental organizations 20% 
State-owned companies 19% 

Scientific institutions, academia (research, education) 16% 
Governmental/Public administration institutions 14% 

 
Although the data represents a balanced distribution of different stakeholder groups, this 
distribution is not observable in all committees individually. In most committees, such 
balanced distribution of stakeholder diversity does not occur. It should be noted that the 
seemingly positive statistical predominance of SMEs is due to the composition of certain 
technical committees, the scope of which is of more interest to the industry. For Latvia, these 
sectors include construction, timber and machinery and work equipment which performance 
and trade opportunities are highly influenced by standards. Providing sufficient diversity for 
all parties involved in standardization in various areas can be considered difficult as in 
situations where stakeholders have approached LVS with a proposal to set up a TC or a WG 
to address specific issues relating to the specific standardization field, ensuring the minimum 
number of participants required has been found challenging.  

The TCs of Latvia have mirror committees in regional and international standardization. The 
comments provided by national experts reflect that physical attendance of TC meetings is 
highly valuated as face to face discussions ensure an environment for exchanging various 
opinions in a more facilitated manner and provides an opportunity to reach consensus more 
efficiently, while web meetings and conference calls are often alienated and associated with 
technical disturbances (not possible to connect, interruptions in connection etc.) which results 
in limited participation and opportunities to influence the standardization decisions. However, 
in many cases LVS/TCs choose to participate in non-physical meetings (web-meetings, 
conference calls) where such an option is possible as it saves financial and time resources.  

4.3 Participation in regional and international TCs 

National experts from multiple LVS/TCs are actively involved in the work of regional 
(European) TCs. The participation of Latvian TCs in the physical meetings of regional TCs is 
illustrated in Table 3. It must be noted that physical meetings of international TCs have not 
been attended by national experts from Latvia in this period. 
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Table 3. Participation of TC experts from Latvia in meetings of regional TCs and WGs in 2019 

LVS/TC Meetings of regional TCs and WGs 
attended 

Count of 
physical 
meetings 
attended 

Count of web-
meetings and 

conference calls 
attended 

6 “Machinery and 
Work Equipment" 

CEN/TC 326 “Natural gas vehicles. 
Fuelling and operation", 
CEN/TC 326 WG 6 “NGV Refuelling 
Appliances” 
CEN/TC 326 WG 4 "Test methods" 

2 6 

30 “Construction" 

CEN/TC 182 WG 5 "Geotechnical field 
vane test",  
CEN/TC 182 WG 9 "Geotechnical aspects 
of geophysical methods", 
CEN/TC 250 “Structural Eurocodes", 
CEN/TC 250/SC 7 WG 3 "Geotechnical 
constructions" 
CEN/TC 250 WG 6 "Robustness", 
CEN/TC 288 WG 19 "Sheet-pile walls", 
CEN/TC 396 “Earthworks" 

8 2 

38 “Timber" CEN/TC 112 WG 4 "Test methods", 
CEN/TC 112 WG 13 "Mandate" 2 - 

56 “Building 
Information 
Modelling" 

CEN/TC 442 “Building Information 
Modelling (BIM)" 
CEN/TC 442 WG 3 “Information Delivery 
Specification” 

2 - 

Total 14 8 

 
The count of physical meetings attended in 2019 has increased since 2018 when a total of 10 
CEN/TC physical meetings were attended by national experts of 3 LVS/TCs. Since 2019, 
LVS is co-financing construction sector experts' business trips to physical meetings of 
regional and international TCs and WGs. It has become possible due to changes in the Latvian 
legislation that determines that each certified construction specialist must be provided with 
access to a set of relevant standards in the construction field and other sector-specific 
standards for an annual fee. The funds have thus increased the possibility of co-financing the 
attendance of Latvian national experts in physical meetings, as well as promoted the 
translation of these standards in the official language. The proportion of attendance at 
physical meetings in the field of construction illustrated in Table 3 hints that co-financing is 
an important factor in promoting a more active participation of experts of national TCs in the 
work of regional TCs.  

Latvian TCs which operate in parallel with regional committees in the specific standardization 
fields participate in the work of European TCs as participating members (P-members), 
however, the procedures adopted in international standardization provide that participation is 
possible both as a P-member and as an observing member (O-member). Based on the data on 
registered experts in the ISO Global Directory participation in international TCs can be 
described as more passive as the number of mirror committees of LVS/TCs in international 
standardization is lower than in regional standardization. The data in Table 4 illustrates the 
types of participation of LVS/TCs in the work of international TCs and their subcommittees 
(SCs). 
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Table 4. The participation of LVS/TCs in the work of international TCs and their SCs 

LVS/TC ISO/TC, ISO/TC SC Type of 
membership 

6 “Machinery and work 
equipment"  

58 “Gas cylinders",  
58/SC3 “Cylinder design"  P-member 

10 “Quality management 
and quality assurance"  

176 “Quality management and quality assurance",  
176/SC 1 “Concepts and terminology",  
176/SC 2 “Quality systems",  
176/SC 3 “Supporting technologies" 

O-member  

13 “Conformity assessment"  CASCO “Committee on conformity assessment"  P-member  

20 “Environmental 
management"  

207 “Environmental management",  
207/SC 1 “Environmental management systems",  
207/SC 2 “Environmental auditing and related 
environmental investigations",  
207/SC 3 “Environmental labelling",  
207/SC 4 “Environmental performance evaluation" 

O-member  

22 “Museum work, archives 
and records management 
and librarianship"  

46 “Information and documentation",  
46/SC 8 “Quality - Statistics and performance 
evaluation" 

 P-member 

30 “Construction"  182 “Geotechnics" P-member  

38 “Timber"  89 “Wood-based panels",  
89/SC 2 “Particle boards",  
89/SC 3 “Plywood" 

 O-member 

53 “Project, programme and 
portfolio  
management"  

258 “Project, programme and portfolio 
management" P-member 

 
Participation in ISO technical committees with the O-member status gives an opportunity to 
participate and follow the committee work directly and having up to date information on 
working items of the committee. One of the functions of national standardization bodies 
regarding participation and nomination of representatives to participate in regional and 
international TCs is the effective dissemination of information. The information that O-
members receive on the development of new standards, WGs activities and updated 
standardization projects should ideally reach all relevant interested parties. For example, for 
ISO/TC 207 “Environmental management” and ISO/TC 176 “Quality management and 
quality assurance”  the majority of  interested parties who could be reached directly are the 
respective national technical committee members in the national standardization body - 
quality management professionals of the Latvian Society for Quality, representatives of 
conformity assessment bodies, Riga Technical University students of Bachelor and Master 
level study programme “Total Quality Management” and specific environmental stakeholders. 
Among other channels for dissemination of information, through the participation in 
seminars, delivering presentations in lectures, standardization information from a nationally 
nominated representative could reach the majority of interested parties. Since one of the 
recognised and widely reached sources of information is the publishing of short summaries 
about ongoing standards development projects in the website of LVS, this activity could also 
be expanded in a way where specific fields of interest could be covered separately. 
Furthermore, given the wide range of potential stakeholders reached, developing the 
dissemination of information to sectoral professional associations can be considered essential. 
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This can also be applied to the membership as P-members since the experts of these TCs have 
full access to committee documents and the opportunity to participate in all stages of 
standards development actively. Through such participation the information acquired could be 
considered more comprehensive and detailed, thus providing an opportunity for the 
participating experts to provide information for national stakeholders through a dimension 
that covers specific relevant issues in a more in-depth way. 
As mentioned above, physical meetings of international TCs are not usually attended by 
national representatives of Latvia. However, fostering the participation of national experts in 
the work of regional and international TCs through attending physical meetings is one of the 
strategic priorities of LVS, therefore the opinions of national experts of LVS were collected to 
determine the possible drivers to promote a more active participation in the work of these 
TCs. 

4.4 Impact factors for more active participation 

To identify the factors that would foster a more active participation of Latvian experts in the 
work of regional and international TCs a survey for LVS/TC experts was conducted in 
collaboration with LVS in 2018 (43 respondents, response rate 14.24%). The respondents 
include both, experts that participate in standardization activities on the national level only 
and experts that participate in European and international standardization actively. The 
responses to the survey question are illustrated in Figure 2. 

 

 

Figure 2. Summary of responses to the survey question “What would promote your more active 
involvement in the work of regional and international TCs?” 

It can be concluded by the results of the survey that providing financial support for the costs 
of travel can be identified as a key factor in facilitating the participation of experts in physical 
meetings. This can be considered particularly important as meetings of international TCs are 
often held outside Europe which may impose more financial and organizational constraints on 
travelling and can be connected to the reasons why no international TC meetings were 
attended by Latvian national delegates in the period covered by the research. In addition to the 
factors listed, other responses included the dependency on the amount of workload in the 
permanent workplace, improved efficiency of communication from the chair of LVS/TC, 
financial support for industry professionals to develop standards (since currently industry 
professionals are forced to engage in document development during their working hours and 
at their own expense), enhanced extent of support from the national standards body, increased 
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proactive action of national experts, facilitated access to information on standardization 
projects and the level of current relevance and interest in participating in the work of regional 
and international TCs. Lack of time for this “community service” was also mentioned as a 
discouragement for more active involvement in the work of TCs. 
The analysis of data on the activity of LVS/TCs and results of expert surveys indicate that 
there is a tendency for the members of Latvian TCs to predominantly opt to observe the 
documentation of regional and international TCs rather than to participate in the work of TCs 
and WGs actively. Also, as mentioned previously, a lack of diversity of stakeholders 
participating in the work of TCs of specific areas can be observed. Considering that, expert 
surveys also indicate that within the limitations for comprehensive participation in the 
processes of development of regional and international standards there is a difficulty for 
Latvia to formulate a national view, given the limited number of experts in certain areas, 
which implies that a potential of insufficient expertise is present. Thus, setting priorities for 
the participation in standardization in specific fields is key to ensure that the use of the 
resources acquired is effective and efficient. This also emphasizes the importance of 
governmental contribution to the organizing of standardization processes, hence the 
development of governmental policies and strategies and solutions brought by standardization 
should be complementary to support the interests of the government, the industry, society and 
other stakeholders involved.  Nevertheless, progress towards this direction can be observed in 
Latvia where proposals for amendments to the Standardization law are made, which would 
foster a more active cooperation between the parties involved by introducing a system of 
standardization mandates. 
Despite the involvement of individual local industries in standardization processes, it is 
necessary to attract more relevant stakeholders of Latvia to represent their interests in 
standardization decisions. Encouraging cooperation with industry associations is one of the 
solutions for widening the scope of expertise as SMEs often objectively lack the appropriate 
resources to participate in standardization work. It creates a potential for the national 
standards body to expand the content of disseminated information by providing clear 
guidelines for interested parties on the opportunities on participation in the standards 
development processes. Also, it opens the door for reaching out to potential stakeholders who 
are currently unaware of the performance of the standardization system and standards 
development, thus conducting market research and developing public education activities 
could be considered beneficial. The national standardization body could therefore develop 
consultations and communication with stakeholders to ensure that they are able to navigate 
themselves in the classification of standards and get involved in the development of standards 
in the field of their operation. Again, it indicates that LVS could review its practice for 
disseminating up-to-date information - while information on registered standards, for 
example, is disseminated on the LVS website and social networks, a more substantial 
dissemination of information on the current activities of regional and international TCs in a 
particular standardization field is possible. Obtaining and providing up-to-date information 
for dissemination could possibly be the responsibility of a TC expert which would therefore 
ensure that relevant information is reached by the parties concerned, since the expert's 
experience, expertise and network in the specific standardization field would provide the most 
beneficial channels for the selection and dissemination of industry-relevant information. 
As mentioned above, it is practically difficult to defend national interests in the development 
of European standards without the cooperation of the national standards bodies of other 
countries. It is therefore considered important to develop regional co-operation to promote 
mutual consultations between the Baltic States and other allies in the region to promote the 
exchange of expertise thus possibly defining a united regional viewpoint. On an 
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organizational level, to strengthen the links and ensure ongoing cooperation, the Baltic 
Standards Forum has been established as a platform for regular exchange of practices and 
know-how within the national standardization bodies of Latvia (LVS), Estonia (EVS), 
Lithuania (LST) and Poland (PKN). The discussion topics covered in the forum include 
management issues, standards development processes, standards distribution, marketing and 
information technologies. Considering this ongoing practice of strengthening bonds within 
these institutions, the promotion of cooperation not only covering organizational issues, but 
also to foster the transfer of practice among experts, formulating a common view and 
defending regional interests in standards development in a regional and international level 
could be introduced. This is especially important as the weightings for voting of these 
countries vary but, if summarized, form a significantly higher influence on the total weighting 
of votes. Considering this, widening the network of cooperation with the national standards 
bodies of other countries, especially ones whose activities can be evaluated as more advance, 
can be considered highly desirable. 

5 Discussion 
Although it can be seen that countries with lower influence on standardization decisions are 
permanent components of the regional and international standardization system, nevertheless, 
from an economical point of view the question arises – how to determine the areas where the 
participation in standards development processes can be considered most effective and 
efficient - achieving the expected results with commensurable resources. It can be assumed 
that the role of countries with lower capabilities to influence standardization decisions shall 
be distinguished amid regional and international standardization activities. In regional 
standardization, it may be considered rather important to engage in sectors where the 
respective country has more active export markets, however, the analysis of the connection 
between involvement in standardization and the changes in macroeconomic characteristics of 
the respective countries should therefore be performed. In international committees, the O-
member status that provides the relevant information on standardization activities that may be 
considered sufficient for specific areas of participation, however, more active involvement 
from national standardization experts is desirable regarding dissemination of information. For 
this reason, a study comparing the data obtained in other empirical studies regarding the 
participation in standardization processes of other countries could be performed to extract the 
best practices and possible actions to improve national performance in standardization 
activities. The role of national standardization bodies in countries with lower influence on 
standardization decisions could also be a possible area of analysis to determine whether the 
collection and selection of relevant information to be disseminated to interested parties of the 
country should be the responsibility of the national standards body or the delegated national 
expert and how the changes in dissemination of information would influence the activity of 
national stakeholders in standardization. 

6 Conclusions 
Considering the above, it can be concluded that within the regional and international 
standardization system the participation in standards development brings benefits for both, the 
participating country and for the interests of the stakeholder groups and individuals involved. 
For countries with lower capability to influence standardization decisions, particularly, the 
participation in the development of regional standards can be considered challenging due to 
the limited resources necessary for profound participation and the level of influence the 
specific country has on the decisions made in standards development. Therefore, it can be 
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considered that the effectiveness and efficiency of participation could be enhanced by setting 
priorities and clear achievable aims to fulfil the needs of the stakeholders of the country 
represented. This introduces the necessity of governmental support by defining the national 
priority areas regarding strategic development of the key industries of the specific country and 
the provision of financial support to foster active participation in the meetings of TCs and 
WGs of these areas ensuring that experts with the necessary expertise are more interested in 
contributing to the standardization work. Nevertheless, it is indivisible that efficient 
dissemination of information on the opportunities to participate in standardization activities 
and updates on the current standardization projects are key to ensure that relevant 
stakeholders are aware and able to contribute to the areas where the involvement is necessary, 
therefore the practices of informing key stakeholders, including sectoral professional 
associations, should be developed to reach an effective outcome. 
Also, from a practical point of view, because of the varying weightings in voting in separate 
processes of European standardization it can be considered difficult to defend the national 
interests of a single country with smaller weightings allocated to this country, therefore the 
cooperation with national standardization bodies of other countries and developing links for 
the exchange of expertise between these countries introduces an opportunity for sharing best 
practices, as well as formulating a common view in standards development processes. 
It can be concluded that the increase of activity can be promoted gradually by introducing 
complementary and successive measures, aimed not only at increasing the interest of 
stakeholders but also supporting the established national priorities. Since standardization 
covers key issues for various interested parties in specific fields, the fostering of active 
participation in standardization would therefore contribute to fulfilling the future needs of the 
stakeholders of the respective countries and ensuring that the interests of these countries are 
represented in regional and international standardization processes comprehensively. 
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Abstract: The Home Office decision to bring the Office of the Forensic Science 
Regulator within a system of statutory regulation has been welcomed by many 
forensic practitioners. However, the legal implications of the introduction of a 
Forensic Science Regulator Bill (HC Bill 180) deserve further scrutiny. This article 
analyses the published Bill, critiquing governmental attempts to codify and 
standardise ‘forensic science activities in England and Wales’. The article focusses 
on the articulation of normative understandings of the ‘application of scientific 
method’, raising concerns over the implementation of normative scientific terms 
within the marketised system of forensic provision and accreditation in operation 
in England and Wales.  Thus, the article adds a further dimension to recent studies 
of the regulator’s role, and its ambiguous nature in relation to the creation and 
promulgation of standards (McCartney & Amoako: 2018). Through its exploration 
of the deployment of normative standards borrowed from the scientific field, the 
article demonstrates the way in which criminal justice actors sought to resolve the 
internal contradictions of marketised forensic provision, achieving partial 
resolution through the importation of a ‘legal transplant’: the enhanced Daubert 
criteria. This test - introduced by the Criminal Practice Rules of England and 
Wales (Ward: 2015) 1  - outlines the procedure for identifying and testing 
‘scientific’ evidence. Thus, through its comparative analysis, the paper seeks to 
develop broader understandings of the role of standards within marketised multi-
disciplinary systems. 

1 Introduction 
In their 2019 report, Forensic science and the criminal justice system: a blueprint for 
change,’ 2  the UK House of Lords Select Committee made a number of key 
recommendations, focussing on the regulation, accreditation, and standardisation, of forensic 
science. The Committee acknowledged that forensic science providers (FSPs) based in 
England and Wales face unique challenges, generated by the privatisation of forensic 
provision within that jurisdiction. The task of regulating this forensic market, and of 
providing accreditation to forensic agents, currently falls to the Forensic Science Regulator, 
whose work has been sponsored by the UK Home Office since 2008. The regulator asserted, 
in her January 2018 Annual Report, that ‘without statutory powers to enforce compliance, the 
Regulator cannot guarantee that all science being used in the [criminal justice system] is being 

                                                
1 Ward, T. An English Daubert? Law, Forensic Science, and Epistemic Difference The Journal of Philosophy, 
Science & Law (2015) Vol: 15, Issue: 1, Pages 26-36  
2 House of Lords Science and Technology Select Committee, Forensic science and the criminal justice system: a 
blueprint for change. 3rd Report of Session 2017-19 - published 1 May 2019 - HL Paper 333; 
https://publications.parliament.uk/pa/ld201719/ldselect/ldsctech/333/33302.htm 
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carried out to the required quality standards.’3 The Lords committee amplified that call, 
reporting that, 

‘Almost all our witnesses were clear that the Forensic Science Regulator should be given 
statutory powers in order to be effective in raising standards.’4 

The Regulator’s statement is cognate with that arrived at by the committee members, who 
recommended the passing of the 2017 Private Member’s Bill, raised by Chris Green MP.5 
That prospective legislation would confer a number of powers upon the Forensic Science 
Regulator (FSR), with a particular focus on the accreditation of FSPs. This article focusses on 
the proposed statutory powers of accreditation, and attempts to ground the regulator’s powers 
in a normative scientific framework based upon a legal conception of ‘scientific method’ that 
is itself grounded in Mertonian notions of scientific normativity, and consonant with 
Popperian theories of falsification, though - as will be demonstrated – absent the granularity 
necessary to discern between first, and second, generation forensic techniques. 

The instant article thus proceeds to limn the contours of a proliferating array of forensic 
regulatory interventions, through which criminal justice agencies seek to structure the 
processes of marketised forensic science provision in England and Wales. These regulatory 
incursions are characteristic of the, 

‘…significant (and ever-expanding) space that law has come to occupy. The result is that law 
is often seen as a ‘thicket’: a complex, fragmented, and cumulative collection of instruments, 
institutions, and mechanisms that requires ever greater knowledge, time and capital to 
navigate, thereby imposing disproportionate costs on actors, and requiring inordinate amounts 
of effort to move through.’6  
The marketised system of forensic knowledge production in England and Wales, stands as a 
paradigmatic example of this form of regulatory expansion. Forensic science providers have 
become subject to a significant degree of internal, and external, regulation, and 
standardisation, to the extent that the production of forensic-scientific knowledge, for legal 
consumption, is structured around an expanding set of disciplinary practices, including: 
inspection, validation, quality control, batch-testing, accreditation, monitoring, auditing, 
certification, sampling, classification, guidance, and the publication of regulatory protocols. 
As will be demonstrated, the convergence of these diverse interventions, upon an array of 
forensic processes, also supports Laurie and Harman’s assertion, that the introduction of 
regulation may impose disproportionate costs onto individual forensic science providers.7  
More importantly, statutory regulation of forensic science forces science providers, and allied 
institutional agents, to confront normative categorisations of scientific method; 
categorisations, whose foundational elements require clear articulation. 
 

                                                
3 Forensic Science Regulator, Annual Report November 2016–November 2017 
4 Ibid, at paragraph 106 
5 The Forensic Science Regulator Bill [Bill 180 (2017–19)]; https://services.parliament.uk/Bills/2017-
19/forensicscienceregulator.html (accessed June 2020).  
6 Cloatre, E. & Pickersgill, M. (Eds.) (2015) Knowledge, Technology, and the Law (London; Routledge) at page 
121  
7 Taylor-Alexander, S., Dove, E.S., Fletcher, I., Mitra, A.G., McMillan, C., & Laurie, G. Beyond regulatory 
compression: confronting the liminal spaces of health research regulation (2016) Law, Innovation and 
Technology, 8:2, 149-176,  
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2 The Forensic Science Regulator  
In the fields of forensic science, regulatory oversight is conducted through the office of the 
Forensic Science Regulator.8 The creation of this non-statutory regulatory agency was a direct 
response to the development of heterogeneous approaches, and diverging expert opinions, 
within the developing forensics market, and the perceived potential for those variances to 
affect the status, and probity, of expert scientific evidence. The introduction of a system of 
external oversight thus served to retain market - and public - confidence through 
standardisation, external monitoring, validation, and accreditation.  

The office of the UK Forensic Science Regulator was created by the Home Office in 2008. As 
an independent regulatory body, the FSR was charged with the identification of quality 
standards, and the supervision - and accreditation - of forensic laboratories (in compliance 
with ISO/IEC 17025 General requirements for the competence of testing and calibration 
laboratories), the determination of suitable procedures for the validation of new technologies, 
development, implementation, and maintenance of quality standards, and the management of 
complaints. The regulator’s powers remain non-statutory9, despite being sponsored by the 
Home Office, and are limited to England and Wales (although the forensic science services of 
Scotland, and Northern Ireland, voluntarily comply with her recommendations). It is notable 
that, for the major part, the in-house laboratories of the 43 individual police forces of England 
and Wales operate outwith the ambit of the OFR regulatory regime, and do not currently 
require accreditation, despite attempts by the FSR to require blanket accreditation across the 
forensic science sector.  
The regulator’s role has evolved, with both of the two FSRs thus far focusing on different 
aspects of market regulation. During its earlier phase, the work of the FSR was largely 
reactive, the regulator being tasked with addressing concerns over a number of disparate 
areas, including:  inadequate laboratory procedures, which had led to notable instances of 
evidence contamination;10  inadequate development, and articulation, of the scientific basis 
for the interpretation of LCN-DNA11; and problems associated with non-standard forensic 
evaluations, and cognitive bias.12 In comparison to her predecessor, the incumbent FSR has 
adopted a comparatively  proactive strategy, propelled by the need to ‘establish a baseline of 
quality across the forensic science market.’13 Nonetheless, the regulator’s underlying duties 
have not altered to an appreciable degree. The primary duty of the FSR remains the 
development and oversight of a number of formal international standards, and regulatory 
protocols, as discussed below.  
  

                                                
8 Ibid. at note 1  
9 The Forensic Regulator Bill 2017-19, introduced to Parliament on 8th March 2018, attempts to place the Office 
of the FSR on a statutory footing. However, at time of writing the Bill has not achieved Parliamentary assent.  
10 See, for example, Report into the circumstances of a complaint received from the Greater Manchester Police 
on 7 March 2012 regarding DNA evidence provided by LGC Forensics. FSR, 17 September 2012, Mr Andrew 
Rennison MSc   
11 Office of the Forensic Science Regulator, Review of the Science of Low Template DNA Analysis  (2008) 
London: The Home Office ; Office of the Forensic Science Regulator, Crime scene DNA: anticontamination 
guidance (2016) London: The Home Office  
12 Office of the Forensic Science Regulator, Cognitive Bias Effects Relevant to Forensic Science Investigations 
(2015) London : The Home Office  
13 Office of the Forensic Science Regulator (2016) Regulator’s Codes of Practice and Conduct London: The 
Home Office  
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3 FSR’s Regulatory Responsibilities: International Standards  
The following discussion focusses on the regulator’s main responsibilities. First, the regulator 
is responsible for ensuring that all accredited FSP’s conform to certain international 
standards, in particular ISO/IEC 17020 and ISO/IEC 17025. These are general UKAS-
accredited standards developed by the ISO, which focus on quality assurance in testing 
laboratories, and are thus appropriate in the context of forensic laboratory analysis. ISO 
17020 specifies the requirements for the competence of bodies performing inspection 
activities with impartiality and consistency, whilst .ISO 17025 lays out the general 
requirements for the competence of testing and calibration laboratories, and is applicable to a 
wide range of forensic analyses, examinations and testing activities. Accredited processes 
falling within the ambit of these standards include continuity of evidence, management of 
case files, and storage of exhibits. In addition, accreditation determines the competence of 
staff, the validity, and suitability of methods, the appropriateness of equipment and facilities, 
and ongoing quality assurance through internal quality control. A further standard, ISO/IEC 
17043, introduces requirements for the competence of providers of proficiency testing 
schemes. It focuses on understanding and applying standard accreditation processes. In the 
UK context, the FSR has sought to ensure conformity with the Regulator’s Codes of Practice 
and Conduct through compliance with ISO 17025, which forms the basis for FSR 
accreditation. As the 2019 FSR report states, 
‘The number of organisations that have demonstrated compliance with the Codes has now 
risen to 42. This leaves approximately 17 organisations in England & Wales that hold 
accreditation to ISO 17025 but not the Codes and are regularly practicing forensic science in 
the CJS. Of these, 12 are in policing (5 hold accreditation solely for digital forensics), 3 are 
small digital forensics companies and the remaining 2 are primarily instructed by the 
defence.’14 

4 Accreditation  
As stated above, ISO 17025 is an essential component for FSR accreditation, and is therefore 
a standard requirement in relation to specified functions and processes. First, any FSP 
processing material samples for loading onto the National DNA Database (NDNAD) must be 
accredited. This falls within a broader requirement, under the EU Council Framework 
Decision 2009/905/JHA, of 30th November 2009, which relates to the accreditation of 
forensic service providers carrying out laboratory activities related to dactyloscopic, or DNA 
analyses. Thus, the decision requires FSP’s to hold ISO 17025 accreditation in respect of all 
laboratories carrying out DNA profiling, and fingerprint enhancement. It was agreed that this 
requirement would apply to all in-house police laboratories carrying out specified activities, 
with staged implementation targets between 2013 and 2015. However, that target has yet to be 
reached. Further, the UK having decided to opt out of EU criminal justice measures, the 
overarching legal obligation to comply with the Framework Decision no longer applies. 
Nonetheless, the FSR maintains the importance of blanket compliance with ISO 17025 within 
the marketised forensic science field.  

  

                                                
14 Forensic Science Regulator Annual Report 2019, available at: 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/877607/20200
225_FSR_Annual_Report_2019_Final.pdf 
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5 Professional and commercial Standards  
The Regulator also collaborates with a wide range of institutional actors, professional, and 
representative, bodies, including; the Royal College of Pathologists, the Institute for 
Archaeologists, the Royal Anthropological Institute, the UK and Ireland Association of 
Forensic Toxicologists, the Society of Chiropodists and Podiatrists, the Chartered Society of 
Forensic Sciences, and the Fingerprint Society, in order to produce professional standards 
applicable to those disciplines. Following the 2008 Review of the use of forensic 
consumables, the Regulator further worked with the British Standards Institute to develop a 
standard (PAS 377) for manufacturers producing consumables (DNA kits, swabs, etc.) used in 
the collection, preservation and processing of forensic material.  

6 Forensics Procurement Framework   
Another aspect of the FSR’s portfolio is to ensure compliance with international standards in 
relation to the forensics procurement framework. Under this agreement, individual police 
forces, and consortia, agree contracts for provision of forensic services on a regional basis, as 
part of the Home Office’s forensic procurement framework. Within the forensic framework, 
contracts require providers to hold ISO 17025 accreditation, and to meet other quality 
requirements. This includes compliance with the Regulator’s Code of Practice, and 
compliance with investigations instigated by the Regulator. Failures to meet these 
requirements, attract contractually imposed penalties, and may lead to the removal of the 
provider from the framework. The overwhelming majority of laboratories are part of this 
procurement framework. However, it is also important to note that a significant proportion of 
forensic provision takes place outwith the laboratory (this includes strategy-setting, 
interpretation, and evaluation). Further, the procurement framework encompasses only those 
services which are externally procured by law enforcement agencies (Police Forces, HM 
Revenue and Customs, National Crime Agency). Thus, the application of the procurement 
framework is partial, and unevenly distributed across the sector.  

7 Investigation of Complaints  
The FSR is further tasked with addressing potentially serious breaches of quality, on the part 
of a provider. These may be investigated by the Regulator, whose task is to make 
recommendations to that provider, in order to ensure that the error is not repeated. The 
Regulator may also investigate issues referred to her by relevant authorities. This including 
Ministers, and the Judiciary. The following section discusses the regulatory guidance issued 
by the FSR – guidance which plays a pivotal role in structuring forensic processes.  

8  Forensic Regulator’s Code of Practice and Conduct    
Finally, the FSR publishes, and updates, a non-statutory Code of Conduct and Practice, which 
applies to all agents (from FSP’s to sole practitioners) tasked with providing forensic services 
to the criminal justice system. As stated above, the Code is non-statutory. However, ‘whilst 
the standards are not yet mandated by law, procedural innovations ensure that compliance is 
not optional.’15 This is due to the fact that ‘all individuals reporting scientific, or technical, 
work to the courts (whether called by prosecution or defence) must now declare compliance 

                                                
15 Office of the Forensic Science Regulator (2016) Regulator’s Codes of Practice and Conduct London: The 
Home Office  
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with this Code of Conduct.’16 The Code of Practice situates the requirements of ISO 17025, 
and gives direction on topics such as validation, contamination control, and information 
security. It also sets out the standards required for any organization, or individual, working 
with forensic evidence, alongside detail on standards pertaining to the use of ‘occasional 
experts’, and on infrequently used methods, stipulating that – in those circumstances where 
agents deviate, or depart, from the requirements of the Code - they are obligated to issue the 
court with a ‘statement of non-compliance’17.   

The FSR states that this body of regulatory protocols together ‘serve to systematically 
organize a culture of competence and quality assurance’.18 The central organising concept is 
‘quality’: quality, it has been argued, goes beyond accreditation, the latter establishing a 
baseline, onto which quality may be added. Further, accreditation is viewed by the FSR as ‘an 
extension of scientific method.’19 These foundational statements require further scrutiny, in 
light of the recent development of the Regulator’s accreditation processes, and the potential 
for regulatory incursions to shape forensic processes and standard-setting. 

9 Quality Assurance and Daubert criteria  
The Forensic Regulator’s Codes are based around a concept of quality which is measured in 
reference to conformity with scientific method. Thus, it may be posited, that quality assurance 
- in marketised forensic science - is situated within a framework of broadly Mertonian norms 
that together form the dimensions of the scientific method. Mertonian scientific norms may be 
summarized as a set of normative values including communalism, universalism, 
disinterestedness, and organized skepticism. 20   Further, the scientific method may be 
distinguished from non-scientific approaches on the basis of the former being in accordance 
with Popperian theories of falsification. Popper held that in order for a hypothesis to be 
classed as scientific (as differentiated from, for example, belief in a deity), the former must be 
capable of being disproved.  Popper’s ‘falsification theory’ further postulates that we can 
never prove a hypothesis: we can only disprove it. Since we cannot disprove all alternate 
hypotheses - and frequently lack the capability to exhaustively formulate such alternatives - 
we are constrained in our efforts to simply disproving a limited number of likely alternatives. 
Thus, forensic science activities grounded in scientific method must be falsifiable (hence open 
to revision, and conscious of error), whilst exhibiting an underlying set of norms. 
Further, it may be argued that quality assurance is grounded in scientific method, albeit that 
the route from scientific norm to regulatory protocol is a circuitous one. Indeed, it would 
appear that the FSR takes the view that this ‘regulatory’ form of forensic evaluation has 
evolved from a standard model of a forensic evaluation, itself grounded in scientific method.  
The starting point for an elaboration, and critique, of the FSR’s position, is the Law 
Commission Report, Expert Evidence in Criminal Proceedings in England and Wales,21 

                                                
16 Ibid.  
17 Office of the Forensic Science Regulator (2016) Regulator’s Codes of Practice and Conduct London: The 
Home Office  
18 Interview with Forensic Science Regulator (March, 2018) London: The Home Office  
19 Ibid.  
20 Merton, R.K. (1973) [1942], "The Normative Structure of Science", in Merton, Robert K., The Sociology of 
Science: Theoretical and Empirical Investigations, Chicago: University of Chicago Press 
21 Law Commission, Expert evidence in criminal proceedings in England and Wales, 21 March 2011, Law Com 
No 325   
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which, in 2011, recommended the introduction of a statutory ‘reliability’ test for determining 
the admissibility of expert evidence. The commission recommended that admissibility be 
assessed by way of an enhanced ‘Daubert’ test, of the sort encountered in the US (see below).   

Whilst, in the various jurisdictions of the UK, the role of the expert witness is framed fairly 
broadly, in terms of the expert’s ability to assist the court (and such experts may include 
scientists, individuals with specialist knowledge, and those possessing particular skills)22, the 
criteria for admissibility of expert opinion evidence in many American states now differs to a 
significant degree.  
The US Courts used to uniformly follow the Frye standard (Frye v. United States, 293 F 1013 
(D.C. Cir. 1923), which holds that expert testimony based upon scientific techniques is only 
admissible when these techniques have become generally accepted within the relevant 
scientific community. However, following the judgement in Daubert v Merrel Dow 
Pharmaceuticals 509 U.S. 579 (1994), the Supreme Court amended Rule 702 (regarding the 
use of expert testimony) to introduce an admissibility test. Within the preponderance of US 
states, all expert opinion evidence must now meet the Daubert standard, measured against 
five criteria. Daubert requires that, in judging the admissibility of expert evidence, the court 
must look to the underlying methods used, in order to assess:  

• whether a method can or has been tested;  

• the known or potential rate of error;  

• whether the methods have been subjected to peer review;  

• whether there are standards controlling the technique's operation; and,  

• the general acceptance of the method within the relevant community.  
Thus, the judge exercises a gate-keeping function, and must now ensure that all expert 
testimony 'proceeds from scientific knowledge'. Indeed, the Daubert criteria may be viewed 
as a legal incorporation of Mertonian norms, as understood from a procedural regulatory 
perspective. However, the introduction of the Daubert test caused a great many problems for 
forensic practitioners - particularly friction ridge examiners - whose methods were not 
consonant with scientific method. Therefore, in 1999, the test was extended to include 
methods based upon 'technical' knowledge [see Kumho Tire Co. v. Carmichael, 526 U.S. 137 
(1999)].   
Returning to the Law Commission’s proposals, the enhanced Daubert admissibility test 
recommended in 2011 failed to make provision for the forms of technological, or ‘non-
scientific’ evidence, admitted in Kumho. And, after consideration, the Commission’s 
recommendation was rejected by the Government, on economic grounds.23 Therefore the 
common law rules on admissibility of expert evidence subsist. However, rejection did not 
spell the end for the ‘enhanced Daubert test’.    
In 2014, the Lord Chief Justice (Lord Thomas) issued a Practice Direction (effective from 7th 
October 2014), implementing the selfsame enhanced admissibility test. Thus, a test 

                                                
22 R v Turner [1975] 1 All ER 70   
23 The Government’s response to the Law Commission report: “Expert evidence in criminal proceedings in 
England and Wales”,  Law Com No 325, 21 November 2013.  
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‘recognisably derived from Daubert’, was ‘introduced to the courts by [a] somewhat unusual 
mechanism.’24  
The Criminal Practice Directions were in turn amended. Direction 19A3 now acknowledges 
that the Law Commission declined to introduce an enhanced Daubert test.25 It states, however,  
that nothing prevents the courts from assessing admissibility using Daubert Criteria. It 
encourages the courts to do so, and goes further, stating that 19A4 lists matters with which an 
experts report must deal in order for such an assessment to be carried out (see 19A4(h) 
below).  
(h) [an expert report] include such information as the court may need to decide whether the 
expert’s opinion is sufficiently reliable to be admissible as evidence;   
This may appear unproblematic. Nonetheless, the route taken in order to ground this 
procedural innovation in domestic legal precedent is arguably less so. The underlying 
guidance quotes a short passage from Dlugosz26, stating that the court must ensure ‘that there 
is a sufficiently reliable scientific basis for the evidence to be admitted.’ However, it may be 
argued that this obiter statement has been taken out of context. The discussion in Dlugosz 
centred around the evaluation of mixed DNA profiles, a singularly ‘scientific’ evidence type. 
It is far from clear that the court intended this requirement to apply more widely, to all forms 
of forensic evidence (including both scientifically valid single-source DNA analyses, and 
comparatively non-scientific pattern identification techniques).   

Further, that inclusion from Dlugosz is itself founded upon the judgement in Reed27, 
paragraphs 111-2, which specifically refers to a small number of appropriate admissibility 
criteria, to be used when dealing with ‘scientific evidence of a scientific nature…’.28 It may be 
readily inferred, therefore, that there are other forms of nonscientific evidence, and that these 
non-scientific evidence types may be judged by other criteria. This distinction has become 
lost along the way, such that forensic practitioners are now faced with the problem of 
negotiating a common-law, practice-based, set of admissibility criteria, which require that all 
evidence - scientific, technical, or otherwise – are based upon reliable scientific methods (as 
laid out in Daubert).   
To return to Rule 19.4, this states that a report ‘must include such information as the court 
may need to decide whether the expert’s opinion is sufficiently reliable to be admissible as 
evidence;’ Therefore, in light of the directions above, it may be stated that forensic reports 
must contain substantive evidence of the conformity of the methods used within the report 
with scientific method vis-à-vis the enhanced Daubert criteria. It may be further inferred, that 
forensic reports must contain substantive evidence of the conformity of the evaluative report 
itself with scientific method vis the enhanced Daubert criteria.29  Thus, the introduction of this 
unorthodox ‘enhanced Daubert’ test (following its rejection by the Government) would 
appear to create a significant hurdle for forensic practitioners who remain unaccredited, or 

                                                
24 See Ward, T. An English Daubert? Law, Forensic Science and Epistemic Deference (2015) The Journal of 
Philosophy, Science & Law: Daubert Special Issue, Volume 15, May 29, 2015, pages 26-36 at page 26  
25 Criminal Practice Directions 2015 [2015] All ER (D) 134 (Sep) | CL&J at 19A3  
26 R v Dlugosz [2013] EWCA Crim 2  
27 R v Reed, Reed & Garmson [2009] EWCA Crim LR 2698,  
28 Ibid. Emphasis added.   
29 The evaluation of DNA profiling is not currently subject to a standardisation protocol. However, the FSR 
Annual Report (19th January 2018), paragraph 1.2, page 16, states that the development of an evaluative 
interpretation standard is one of the Regulator’s highest priorities.   
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who utilise ‘non-scientific’ forensic techniques. What is more, the legal admissibility 
requirements imposed through the Criminal Practice Rules (and associated Directions), are 
met – within the forensic sector - by a similar regulatory stipulation on the part of the 
Forensic Science Regulator.    

10 Regulation and the ‘Enhanced Daubert’ Criteria  
Alongside the requirements laid out in the Criminal Practice Rules, and associated Directions, 
the Forensic Science Regulator ‘suggests’, in her guidance that the courts determine the issue 
of whether expert evidence is ‘sufficiently reliable’ with reference to the presence, or absence, 
of accreditation. Further, that all methods - standard, or non-standard - be validated, and that 
all validations (whether in reports or as the basis of expert opinion) ‘consider’ 19A5 of the 
Criminal Practice Directions. As explained above, these Practice Directions are based upon 
the ‘enhanced Daubert’ criteria.  

Therefore, as a result of the Regulator’s stipulations, the validity - hence soundness - of expert 
methods are now directly referable to ‘enhanced Daubert’ criteria. Thus validation is 
inextricably linked to accreditation, insofar as accreditation is itself granted on the ability of 
the FSP to demonstrate the validity of its methods.  

These regulatory incursions are couched in terms of ‘suggestions’ and ‘considerations’. 
However, departures from these ‘suggestions’ may have far-reaching legal consequences. 
Since 2016, any forensic expert who departs from the specified accreditation, and validation, 
requirements must now make a Declaration of Non-Compliance to the courts.30 Whilst the 
statement has no immediate legal effect, such a declaration must - it has been suggested - be 
viewed negatively by the court, when judging the question of admissibility. It may be argued 
that this is deliberate. Indeed, it aligns with the Regulator’s statement ,that her task involves 
establishing a ‘baseline of quality across the forensic sector’, imposed through the ‘double-
check’ of ISO17025 compliance, and ‘case by case scrutiny through the Criminal Procedure 
Rules’ (Interview with FSR, 2017).  

Taking the above into account, it has been demonstrated that, to the extent that accreditation 
requires validation in conformity with (enhanced) Daubert criteria, the Forensic Science 
Regulator’s statement - that accreditation is an extension of scientific method - has procedural 
validity. Nonetheless, it may be argued, in counterpoint, that the Regulator’s reach has only 
been extended by means of a somewhat abstruse series of categorisations, regulatory 
incursions, and administrative linkages. The next section considers the implications for 
marketised forms of DNA profiling in England and Wales, under the statutory regulatory 
mechanism encapsulated in the provisions of the proposed Forensic Science Bill.  

11 The Forensic Science Bill  
As stated at the opening of the article, the ongoing attempt to provide a statutory basis for the 
work of the Forensic Science Regulator, has been welcomed by the Regulator herself, by a 
preponderance of forensic practitioners, and by the House of Lords committee. However, with 
regard to the foregoing discussion on normative standards, the practical implications of the 
introduction of the Forensic Science Regulator Bill31 (as currently worded), deserve closer 

                                                
30 Office of the Forensic Science Regulator (2016) Regulator’s Codes of Practice and Conduct London: The 
Home Office  
31 See The Forensic Science Bill: https://services.parliament.uk/bills/201719/forensicscienceregulator.html  
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scrutiny. A potential source of problems may be Section 2, subsections 1-2, which require the 
Regulator ‘to publish a code of practice about the carrying on of forensic science activities in 
England and Wales.’32 Section (2)(a) states that the code must specify the ‘forensic science 
activities’ to which it applies. Meanwhile, sub-section (2)(b) allows that the Regulator ‘need 
not make provision about every ‘forensic science activity’. For the purposes of 
disambiguation, s.11 goes on to explain the meaning of ‘forensic science activity’. A ‘forensic 
science activity’ – according to s.11(1) – is ‘any activity relating to the application of 
scientific methods…’33  

On the basis of the preceding analysis, a potential problem may be apprehended. A strict 
reading of the proposed legislative provisions might lead the courts to conclude that the 
powers of the FSR are limited to the regulation of forensic science providers carrying out 
certain forms of forensic DNA-profiling, and chemical analyses. The problem stems from the 
inclusion of the terms ‘science’, and ‘scientific method’. For, whilst DNA-profiling (at least 
in its routine forms) is, properly regarded as a scientific forensic technique, whose 
foundational validity has been demonstrated, many common forensic practices – particularly 
those involving pattern matching through the comparison of observable features – are not 
based upon validated scientific methods, in stricto censu. This latter category may include; 
fingerprint examination, bite-mark analysis, shoemark analysis, toolmark analysis, ballistic 
comparisons, unvalidated DNA mixture analysis, and hair analysis, inter alia.  
Problems relating to the lack of validation or scientific status of common forensic practices 
were addressed in two US reports. In 2009 the National Academy of Science published its 
landmark report, ‘Strengthening Forensic Science in the United States: A Path Forward’, in 
which the committee raised concerns regarding the lack of scientific validation of forensic 
pattern identification techniques. 34  Later, in 2016, the PCAST (President’s Council of 
Advisors on Science and Technology) report on ‘Forensic Science in The Criminal Courts’ 
again stated that many common forensic techniques were not underpinned by reliable 
empirical studies that could establish the ‘foundational validity’, or reliability, of the 
technique.35 In other words, such techniques are not to be regarded as ‘science’. Until 
recently, there was no comparable legal requirement in the UK for admissible expert evidence 
to be based upon scientific method. However, that changed with the introduction of the 
amended Criminal Practice Directions discussed above, and attempts, on the part of the 
Regulator – using the regulatory guidance, and codes of conduct and standards – to ground 
forensic quality assurance in ‘scientific method’.  
The wording of the proposed legislation demonstrates the mistaken tendency, on the part of 
legal practitioners and legislators, to view the entire palette of forensic techniques as being 
co-extensive with scientific method. However, in the absence of reliable empirical studies that 
can establish the ‘foundational validity’, or reliability, of the techniques involved, many of 
these techniques would be unable to surmount the regulatory hurdle. This is the essence of the 
problem which affects the current Bill, which could potentially result in legal challenge. 
Indeed, the proposed Forensic Science Regulator Act makes provision for the investigation of 

                                                
32 See: https://publications.parliament.uk/pa/bills/cbill/2017-2019/0180/cbill_201720190180_en_2.htm#l1g2 
33 Emphasis added.  
34 Committee on Identifying the Needs of the Forensic Sciences Community, National Research Council (2009) 
Strengthening forensic science in the United States: a path forward. Washington, DC: National Academy of 
Sciences.  
35 President’s Council of Advisors on Science and Technology (2016) Forensic science in criminal courts: 
Ensuring scientific validity of feature-comparison methods. Washington DC: Executive Office of The 
President’s Council of Advisors on Science and Technology.  
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Forensic Science Providers, and the issuing of a Compliance Notice (see Section 6(2)). Since 
such notices may be the subject of an Appeal to the First Tier Tribunal – on the grounds that 
the decision was wrong in law (Section 8(2)(b)) – it is not unreasonable to predict a direct 
challenge to the definition of ‘forensic science activities’, and of the applicability of the term 
to a large number of forensic techniques. Should the Bill pass in its current form, that 
becomes a possibility.  

12 Accreditation and DNA Profiling  
The preceding section raises concerns regarding the ability of a number of forensic techniques 
to meet the regulatory standard of scientific validity. In this section, discussion focusses on 
DNA profiling and analysis. It will be argued that even this comparatively scientific 
technique, which forms the cornerstone of forensic investigation, may depart from standards 
of scientific validity. To reiterate, the requirement to comply with Daubert criteria, through 
validation and accreditation, may be viewed as merely an administrative, and procedural 
attempt to ground forensic science in scientific method. In counterpoint, it may be posited 
that, this being the case, the regulatory stipulations nevertheless articulate an etiolated 
conception of scientific method: a conception of science as viewed through the lens of 
institutional logics.   
Further, when applied to the work of forensic DNA profilers, it may be argued that these 
requirements are aligned with – and may be designed to support – the forms of high-volume, 
low expertise, forensic DNA reporting that are now routinely encountered in forensic 
investigations (most notably Streamlined Forensic Reporting).36 These forms of reporting are 
based upon well-established scientific methods, to be sure. Nonetheless, the activity – at least 
in its routine forms – has now largely been reduced to a mechanised and technologised 
process. It may be posited that this no longer represents an ongoing instantiation of scientific 
method, having been reduced to a technological process of the sort envisaged by Kumho, but 
unaccounted for in the ‘enhanced Daubert’ schema.  It is further posited that it is actually the 
evaluative element of DNA-profiling which lies at the heart of the scientific reporting process 
- and it is this articulation of scientific method which is palpably missing from non-expert 
forms of reporting, such as SFR. Further, it is notable that the evaluative component of DNA-
profiling falls outwith the ambit of the accreditation process. This, it may be argued, is a 
critical omission.  

13 DNA Profiling and the Declaration of Non-Compliance   
Turning to DNA, it should be re-iterated that the basic DNA profiling protocols have been 
subject to thorough validation and accreditation procedures, and have established their 
scientific underpinnings, consonant with Mertonian norms, the Popperian theory of 
falsification, and the Daubert standard. However, that same degree of trust in the accuracy of 
results (and knowledge of background error rates), should not be extrapolated to encompass 
un-validated processes, such as novel statistical methods involving minute traces of ‘low 
template’ DNA, especially where these involve the interpretation of ‘DNA mixtures’ drawn 
from a number of individuals. Indeed, scientists utilising sensitised DNA protocols (such as 
DNA-17, and Globafiler) routinely encounter ‘mixed’ samples from a number of individuals, 

                                                
36 See, generally, Richmond, K., Streamlined Forensic Reporting: 'Swift and sure justice'? (2018) Journal of 
Criminal Law. 82, 2, p. 156-177 22 p. ; McCartney, C. (2019)  Streamline   forensic   reporting:   Rhetoric   and   
reality. Forensic Science International: Synergy, 1. pp. 83-85.  
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often containing low template ‘touch’ DNA. These samples require the use of specialized 
probabilistic genotyping techniques, which may themselves lack stringent validation.37 As 
stated above, the Regulator’s Codes of Practice and Conduct allow for atypical analyses, 
‘innovative, or rarely-used methods.’38 However, the DNA profiling scientist who uses 
methods which have not been specifically validated, and brought within the regulator’s Code 
of Conduct and Practice, must – when acting as an expert witness – make a ‘Declaration of 
Non-Compliance’ to the court. With regard to the requirement for expert witnesses to make a 
Declaration of Non-Compliance when using innovative methods, within a marketised system 
based upon corporate standardisation, this may potentially limit the ability for DNA profilers 
to make contextual, and holistic analyses, based upon research, and adaption. Indeed, the lack 
of research lords report.  it may be possible to defend the current system, on the grounds that 
accreditation through standardisation need not stifle creativity when implemented within a 
culture of continuous improvement. 

Further, the FSR stresses the central importance of ‘quality’: quality, as defined by the 
regulator, goes beyond accreditation, the former encompassing the latter. In respect of DNA-
profilers, the regulator further states that quality could be derived from a combination of 
factors, and that the ideal forensic actor should have ‘proper documentation, and be well-
trained professionals’39 This may impact on the introduction of new forensic techniques based 
upon artificial intelligence, and machine learning.  

In counterpoint, it may be argued that quality derives from the continuing ability of forensic 
scientists to resolve problems using scientifically grounded creativity, adaptability, and 
innovation, whilst utilising contextual information drawn from a palette of forensic techniques 
(as well as exercising core skills). Thus, it is debatable to what extent the ‘Declaration of 
Non-Compliance facilitates the task of analysing the mixed DNA samples which are now 
routinely encountered. Further, it is questionable to what extent an approach, restricted by 
overarching regulations, can facilitate high-quality, holistic analyses.  
It may be posited that the current framework does not adequately engage with these 
phenomena, and that these necessary attributes are nullified by the accreditation process. 
Whilst the regulator concedes that the current framework privileges DNA profilers 
conducting high volume analyses, it was stressed that these forensic ‘trainees’ are not required 
to possess innovative scientific skills, nor the ability to design validation experiments. It may 
be posited that, in actuality, they are actively prevented from doing so by the accreditation 
requirements.   

We might therefore discern two models of forensic DNA profiling provision: one 
characterised by an autonomous scientific evaluation, which retains the ability to link DNA-
profiling evidence to other forms of non-expert evidence. Another, implemented by trainees 
following rigid standard operating procedures, aligned with the requirements of accreditation. 
Paradoxically, the regulatory model appears to allows trainees – many of whom may not have 
a scientific background - to facilitate technological processes grounded (or at least 
superficially) in scientific method, whilst constraining the sort of contextually-driven, 
genuinely scientific enquiry which is grounded in Mertonian norms (and expressed in the 
enhanced-Daubert criteria).  

                                                
37 See, for example, Commonwealth v. Foley, 38 A.3d 882 (Pa. Super. Ct. 2012); People v Herskovic 2018 NY 
Slip Op 06763; R v Dlugosz [2013] EWCA Crim 2 
38 Office of the Forensic Science Regulator (2016) Regulator’s Codes of Practice and Conduct London: The 
Home Office  
39 Interview with Forensic Science Regulator (March, 2018) London: The Home Office  
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Further, to the extent that any deviation from the regulatory, to the autonomous, model, may 
necessitate the issuing of a Declaration of Non-Compliance, and insofar as this Declaration 
may be used by the court to judge the reliability of evidence and its conformity with formal 
and informal standards, it may be posited that a form of ‘regulatory objectivity usurps the 
function of the trier-of-fact, and displaces a model of autonomous scientific evaluation.  

In conclusion, it is argued that there are significant foundational concerns relating to the 
proposed role, and ambit, of the Forensic Science Regulator as regards scientific method, 
standardisation and accreditation. These concerns are shared by practitioners40, and policy-
makers. The House of Lords Science and Technology Enquiry into Forensic Science has 
made specific recommendations relating to the role of the Forensic Science Regulator, and the 
extent of the statutory powers proposed in the Forensic Science Bill. In light of the foregoing 
discussion, it may be argued that the failure to address validation problems relating to 
scientific methods may carry potential implications for the criminal justice system. These 
problems are not new. Indeed, these may be viewed as instantiations of the same issues which 
led to the publication of the US NAS report ten years ago. It remains to be seen whether, on 
this occasion, they are adequately addressed.  
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Abstract: More than one million organisations all over the world implemented a 
management system and got it certified. This certificate signals that an 
organization meets international standards, which provides a certain confidence in 
the company. This confidence is in particular needed for exporting companies in 
developing countries and countries in transition. In the business world dominated 
by men, female leadership may be another reason to have less confidence in a 
company women-led companies may therefore benefit more from certification. This 
study empirically tests the impact of certification on export, and the moderating 
effect of female leadership. We use data from Enterprise Surveys, conducted by the 
World Bank in 2013 that includes 4111 firms from 25 Central and Eastern 
European countries in transition. We implement a recursive bivariate probit model 
accounting for simultaneity and endogeneity issues. Our results confirm that 
certification and export are positively correlated. Firms managed by females 
benefit more from certification based on international standards than firms 
managed by men. This suggests that certification compensates for the possibly 
negative connotations of female leadership. This finding is an innovative 
contribution to gender studies as well as economic literature, and, more 
specifically, to the body of knowledge on quality management and standardisation. 
Our paper is relevant for female managers in the first place: they may consider to 
implement a management system and get it certified, resulting in a competitive 
advantage in export markets. 

1 Introduction 
Standards are essential for the effective functioning of the global trading system (World Trade 
Organization, 2005). Standards provide solutions to market failures such as imperfect 
information and negative externalities such as environmental degradation. They facilitate 
technical compatibility, which may allow network externalities. However, many companies 
from developing and transitional countries have problems to comply with globally accepted 
standards due to substantial cost (Keiichiro et al., 2015). This hinders export but also their 
share at the domestic market is at stake due to foreign competitors, many local producers are 
losing the game even on their own market. These standards may be related to products, 
services, software, processed materials, processes, people or management systems (De Vries, 
1998). In this study we focus on management system standards.  
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The voluntary adoption of quality ISO 9001, environmental ISO 14001, occupational health 
and safety ISO 45001, information security ISO 27001 or energy ISO 50001 management 
systems standards, is often followed by third-party audits following the same standards and 
consequently by certifications. Certification bodies verify the correct application of the 
standards (see Blind, et al. 2018; De Vries et al. 2010). The certification signals that the 
company indeed meets these standards and this should provide confidence to the customer. 
This confidence is particular needed in cases customers perceive uncertainty. As we will 
show, this does not only depend on the trust in a country’s institutions, it may also depend on 
company-specific characteristics. In several markets dominated by men, female company 
leadership may be such an issue: she may have to prove herself more than men in the same 
position. Women suffer some disadvantages from prejudicial evaluations of their leadership 
competences, particularly in masculine environment (Eagly and Carli 2003). Additionally, 
women-owned firms are disadvantaged in accessing financial markets because of gender 
discrimination (Chaudhuri, Sasidharan, and Raj 2018). Therefore, we argue that if 
certification increases confidence needed for exporting and, if woman-led firms face higher 
prejudices than male-led firms, than we expect that woman-led firms benefit more of 
Management System certification -MS certification- than man-led firms. 
This paper explores influence of management system certification (MSC) on export as well as 
the effect of female management on this relationship such as. Empirical data stem from the 
World Bank’s Enterprise Survey data of 25 transitional Eastern European Countries (EEC). 
Other studies on these data consider export as driver of certification (Hudson and Orviska, 
2013; Fikru, 2014a, 2014b), or focus on productivity without explicitly modelling the possible 
endogeneity issue (Ferro, 2011). Additionally, our study expands the work of Goedhuys and 
Sleuwaegen (2016) looking at gender of management and covering both service and 
manufacturing firms. Certain motivation for focus of Eastern European countries is related to 
the availability of the data used in this study because a data provided by World Bank’s 
Enterprise Survey are not related to developed countries. 
The paper is divided into five sections. Section 2 reviews literature on MS certification and its 
impact on export, and the impacts of female management on exporting propensity, leading to 
a conceptual framework and hypotheses. The third section deals with the methodology while 
the fourth section reports results. Finally, the fifth section discusses the findings and provides 
conclusions. 

2 Backgrounds and hypotheses 

2.1 Impact of MS certification on export 
Certification signals along the supply chain that the supplier complies with certain 
requirements (Dankers, 2003). Certification is “the provision by an independent body of 
written assurance (a certificate) that the product, service or system in question meets specific 
requirements” (ISO, 2009). In most cases, these specific requirements are laid down in 
standards. A report from the World Trade Organization (WTO) meeting in 2013 underlines 
that developing countries face many difficulties to meet standards and then providing 
confidence for trade (WTO, 2013). We focus not on the goods and services themselves but on 
the management systems (MSs) applied by the companies that produce these. 
Export performances are positively correlated with MS certification (Clougherty and Grajek, 
2014; Goedhuys and Sleuwaegen, 2013; Ferro, 2011; Masakure et al., 2009; Regis and 
Jiaotong,2018, Kapri, 2019). Explanations include transaction cost reduction (Goedhuys and 
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Sleuwaegen, 2016) and overcoming reputation problems (Blind et al., 2018). Blind, 
Mangelsdorf and Wilson (2013) found quality management certifications to be positively 
correlated with bilateral trade; mutual recognition of certification has a positive and 
significant effect on trade and mutual recognition is in particular beneficial for markets access 
in high-income countries.In Argentina, for instance, MS certification has effectively helped 
firms expand their exports and the effects of certification are larger on exports to developed 
countries and of differentiated products (Martincus et al, 2010).The same applies to Ethiopia: 
companies which export a large percentage of their sales have higher chances of being 
certified, profitable and efficient, leading to better business performance (Fikru, 
2014a).Experienced exporters already have a reputation which shapes their position on the 
market, while newcomers on the market need to ‘get up to speed’ more quickly - in this 
context, certification to the international standard for quality management ISO 9001 plays a 
key role in establishing their credibility (Masakure et al., 2009). 

The effects of the management system itself have to be separated from the signaling effect of 
the certificate (e.g. Manders, 2014). Certification signals a certain level of proficiency and 
thus may help making a difference between good and bad quality (Akerlof, 1970). 
Certification provides the usually external stakeholders a justified confidence that the MS 
meets the applicable standards. Fronded et al. (2018) indicate that application of MS 
standards without certification does not influence companies’ business performance at the 
same level as in the case of certified companies, confirming the findings of Siougle et al. 
(2018), based on a sample of Greek listed companies and Riillo (2017) for Italian firms. 
Firms from less developed countries have a higher interest in certification than those from the 
more developed countries because concerns related to the reputation of the country itself 
influence market positions of producers and providers from these countries (Fura and Wang, 
2017; Ferro, 2011; Masakure et al., 2009). Lack of institutional support (e.g. efficient market 
institutions and supportive specialised intermediaries) in developing and transitional countries 
makes companies operating domestically perceive certification as a surrogate institutional 
mechanism which helps them to export (Goedhuys and Sleuwaegen, 2016). Developing 
countries increasingly use MS certificationsgranted by recognized certification bodies to 
overcome reputation problems to enter international markets (Blind et al.2018). Oya et al. 
(2018) reviewed 179 studies on effects of certification in agriculture in low income countries 
and found that certification positively impacts incomes from sales. However, companies in 
less developed countries also face the barrier of the level of the requirements so these 
countries still lag behind in terms of adoption (Clougherty and Grajek, 2014).Exporting 
companies from developing countries may need multiple certifications whereas foreign 
imports to developing countries are far less conditioned by certification (Xie et al, 2011). 
However, certification can be important for any firm – in a study on foreign companies 
operating in China, Zhang et al. (2018) found that certification is effective in increasing 
legitimacy of foreign firms.  

To conclude: Management system certification based on international standards (MSC) 
positively increases the chances of firms to engage in direct exporting 

2.2 Impact of female managers on export and certification  
Do companies led by women perform better or worse than companies led by men in term of 
export propensity? Empirical literature on the link between gender and export is rather limited 
(���������al 2016) but the vast majority of empirical studies show that female led firms (owned 
or managed) have lower propensity to export than firms led by men(e.g. Orser et al., 2010, 
Marques, 2015 ) or no statistical significant correlation (Ramón-Llorens, et al. 2017 ). Based 
on social and liberal feminist theory female owners are less encouraged to enter in foreign 
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market (Orser et al., 2010). Using World Bank data, Marques (2015) notes that the gender 
influences exports propensity essentially through other drivers of export propensity. World 
Bank data show that companies in South Asia with female managed firms are not more likely 
to engage in export activities (Kapri,2019)1. 
Therefore, we expect that female managed firm are less likely to engage in export activities 
than certified male managed firms. 
Certification signals that the system meets international standards, which provides confidence 
in the company. In the business world dominated by men, female leadership may be another 
reason to have less confidence in a company. As international certification alleviates 
reputation gap, women-led companies that suffers of the prejudices, may therefore benefit 
more from certification. 

This brings us to the second hypothesis: certified female managed firm that are certified have 
higher chances to engage in export activities than certified male managed firms. 

Figure below offers a graphical representation of our hypotheses. 

 

Figure 1 Conceptual Framework 

3 Methodology - Data collection and analysis 
To answer our research questions, we need company level data about MS certification, CEO 
gender and direct export from less developed countries. Because of data availability, we 
investigate firms in transition economies in Central and Eastern Europe and the former Soviet 
Union.  

3.1 Country characteristics 
The transition economies and countries studied in this paper have a common experience with 
state socialism. Since the 1917 in the Soviet Union and since the Second World War in 
Central and East European countries, socialist societies were based on a high degree of 
ideology and a dominant role of communist parties. Fundamental features of state socialism, 
as opposed to marked economies, were central or state planning and bureaucratic control 
(Peng, 2000, pp.17). Company decisions had to meet political legitimating criteria prior to 

                                                
 
1 The study reports that exporting female-managed firms have larger export share than exporting male managed 
firms. This result is not necessarily contradicting the gender reputation gaps argument: if female managers face 
higher prejudice barriers to engage in export, only female mangers offering more competitive products to 
overcome the prejudice barrier  and once they start exporting, and the prejudice reduces, female managed firm 
export more than male managed firms(a kind of survivorship bias).  
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economic logic (Mijatovic, et al., 2015). In the 1980s, socialist countries including China had 
almost one third of the world population but accounted for only 10% of global export and 3% 
of global innovations (Peng, 2000, pp. 21). In the late 1980s and early 1990s, following the 
‘revolutions’ in many countries of the former Soviet Union and Central and Eastern Europe, 
transition of socialistic political and economic systems started. Elements of these transitions 
included stimulating the private sector and financial market, privatisation and restructuring of 
state-owned enterprises, and liberalisation of international trade (Hillman, 1994). Export to 
western countries was hindered by low product quality (Acharyya, 2005; Hilman, 1994), 
however, in general, the literature is not consistent if high quality is a prerequisite for export 
(Racine, 2011, pp. 16), cheap products of an acceptable level of quality may be successful as 
well. 
Mandatory standardization was an essential element of the standardization system of any 
socialist country, in contrast to voluntary standardization in European Union (EU) member 
states and OECD countries (Organisation for Economic Co-operation and Development) 
(Racine, 2011). Trade between socialist countries was based on (mostly) bilateral state 
agreements. Enterprises were quite isolated from international markets so they did not need 
the protectionist instruments common as those markets such as tariffs, quantitative 
restrictions, and technical-standards discrimination (Hilman, 1994).Meanwhile all Central and 
Eastern Europe countries have adopted the system of voluntary standards and standardization 
that is common in EU and EFTA member states, and former Soviet Union countries have 
moved in this direction as well.  

Socialist countries put emphasis on female equality in the labor market. As a result, 
participation of females in the overall workforce was and still is higher than in others 
countries. The echo of socialist experiences is still visible today business and management. 
Reynaud et al., (2007) confirmed some differences between managers from founding EU 
countries and Eastern European EU member states and indicate that economic development is 
crucial for convergence in values. Labour market deregulation enlarges gender inequality 
(Perugini and Selezneva, 2015), and further liberalization of the markets will challenge 
capacities of institutions (e.g. trade unions, see Pulignano, 2017) who might deal with gender 
gap. 

3.2 Data set 
The Enterprise Survey Data of the World Bank is the main source for firm level data of firms 
in less-developed countries. The survey collects information about firms’ characteristics and 
its markets, including international-recognized quality certification and exports activities. 
These data were used in the studies by Ferro (2011) and Goedhuys and Sleuwaegen (2013) 
mentioned before. The data we use are all from the same year, 2013. The data are cross-
sectional and include 4947 small, medium-sized and large manufacturing and service firms of 
16small and medium-sized Central and Eastern Europeanand 9 former Soviet Union countries 
that are covered by the 2013 wave of the World Bank Enterprise Survey. The surveys address 
a representative sample of non-agricultural firms. The population is consistently defined in all 
countries and includes the entire manufacturing sector, the services sector, and the 
transportation and construction sectors. Public utilities, government services, health care, and 
financial services sectors are excluded. The uniform sampling and methodology allow 
comparability across countries. 
The dependent variable is the export behaviour: does the firm have direct exports (sales of 
goods or services abroad without an intermediary company)? Engaging in export activities 
(also known as extensive margin) is the first and difficult step for a firm to access 
international market (Helpman et al., 2007). The independent variable is certification. The 
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wording of the question is: “Does this establishment have an internationally-recognized 
quality certification? (Interviewer: if there is need for clarification, some examples are: ISO 
9000 or 14000, or HAPC)”. This fits with our concept of Management System Certification 
(MSC). An earlier paper based on the same data set used the term International Standards 
Certification (ISC) (Goedhuys and Sleuwaegen, 2013) but that term would suggest that the 
standard instead of the management system gets certified. The other main variable is top 
manager gender.  

Additional to the common control variables Number of employees and Age of the firm, we 
used some other control variables that may be related to the confidence external stakeholders, 
in particular customers, have in the company, see Table 1. In this choice we follow Goedhuys 
and Sleuwaegen (2016): Being part of a company in foreign ownership is another way to 
reduce the reputation gap in the perception of customers, especially in low income countries 
(i.e. Skoda being part of Volkswagen group) and provides knowledge that can facilitate 
export and possibly decrease the costs of certification. International certification matters more 
for the export participation of domestic firms than for plants of foreign firms (Goedhuys and 
Sleuwaegen, 2016). In line with previous studies, tax controls (a measures of the number of 
times per year a firms receive fiscal controls) and the use of licensed foreign technologies are 
used as instrumental variables (Goedhuys and Sleuwaegen,2013). “The rationale for 
including these instruments is that firms that use licenses are often forced by the licensors to 
implement ISC, while firms that are subject to greater controls from tax authorities have a 
self-interest in being transparent and in following codified procedures about the way they 
organize their activities and transactions. An MSC serves this purpose well and, hence, we 
expect firms subject to control from external private partners or public authorities to adopt 
ISC” (Goedhuys and Sleuwaegen, 2013, p. 92). 

Table 1 Variables’ definition 

Variables of 
Interest 

 

Certification  =1 if a firm has an internationally recognized quality certification 
Female Manager = 1 if a firm’s top manager is female 
Dependent variable  
Direct Exports = 1 if a firm registers some direct exports (meaning that firm sales goods and services 

abroad with no intermediary company) 
Firm characteristics  
Ln Employees Natural logarithm of the total number of full-time equivalent employees 
Ln Age Natural logarithm of the number of years since firm began operations 
Website 
communication 

= 1 if firms use their website for business-related activities, i.e. sales, product promotion 
etc.  

Reputation variable   
Foreign Ownership =1 if 10% of a firm is owned by foreign individuals, companies or organizations (World 

Bank threshold)  
Financial Auditors =1 if an external auditor reviewed its annual financial statement 
Instrumental 
Variables 

 

Foreign Technology =1 if a firm uses technology licensed from a foreign-owned company, excluding office 
software 

Number of tax 
controls 

Number of controls by tax authorities during the last 12 months 
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4 Results 

4.1  Descriptive statistics  
Table 2 presents the distribution of variables. The first column reports the distribution of the 
variables among firms that have an internationalcertification, the second columns among non-
certified firms and the third column the distribution of variables in the whole sample.  
First, we note that 25.6% of our sample has MSC and direct export is more common among 
MSC (29.2%) than among the non-MSC (11%).Looking at the other characteristic of the 
firms, the certified firms are larger, older, more likely to use web communication, to be 
international (foreign ownership and use of foreign technology) and more supervised (both by 
financial auditors and by tax authorities). Interestingly, the proportion of female management 
is lower among non-MSC (11%) than among MSC (29.2%). 

Table 2.Descriptive statistics by MSC (Management System Certification) 

 (1) (2) (3) 
 MSC Non-MSC Total 
 Mean or 

proportion 
Mean or 

proportion 
Mean or 

proportion 
Variables of Interest    
International Standards 
Certification (MSC) 

  0.256 

Female top manager 0.155 0.217 0.201 
Dependent variable    
Direct Exports 0.292 0.110 0.156 
Firm characteristics    
Ln Employees 3.618 2.860 3.054 
 (1.366) (1.136) (1.244) 
Ln Age 2.658 2.501 2.542 
 (0.627) (0.615) (0.622) 
Website communication 0.768 0.507 0.574 
Reputation variable     
Foreign Ownership 0.129 0.051 0.071 
Financial Auditors 0.523 0.363 0.404 
Instrumental Variables    
Foreign Technology 0.263 0.110 0.149 
Number of tax controls 2.618 2.395 2.451 
 (2.637) (2.303) (2.395) 

Notes: Standard deviations of continuous variables are reported in parenthesis. 
 
Distribution of certification by country and industries are reported in Table 7 and Table 8. The 
proportion of certification in the available data, both weighted and unweighted, turns out to be 
considerably higher than in register data in countries with a longer tradition of certification 
such as Italy (e.g. Franceschini et al 2008; Riillo, 2014). We suspect that certified firms have 
been more likely to participate in the survey limiting capacity of the survey sample to 
represent certification behaviour of associated firms’ population2. For example, according to 

                                                

 
2The ISO Survey 2013 reports 7186 Hungarian firms to be ISO-9001-certified, 1955 had a certified 
environmental management system based on the international standard ISO 14001, and 472 a certificate based 
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survey nearly 60% of sampled Hungarian firm (both weighted and unweighted) have an 
internationally recognized quality certification, i.e. ISO 9001 or ISO 14001. This proportion is 
much higher than nearly 3% estimates computed combining data from the ISO survey data 
2013 and Eurostat data. The enterprise survey methodology assures that survey results, when 
calculated with sampling weights, are representative of the associated populations only in 
terms of business sector, location, and firm size. However, the intended level of precision is 
not guaranteed for indicator values that since the global sampling methodology does not 
stratify by other features such as gender of the top manager, exporter status, or ownership. 
(World Bank 2014, pag.9). For this reason, in the rest of the analysis we use unweighted data 
and interpret the results as valid only within the context of our analysis without necessarily 
claiming that the results can be generalized to the whole firms’ population. 

4.2  Econometric model 
The econometric analysis allows investigating the relationship between MSC and exports 
considering all features simultaneously. In particular, we are interested to estimate whether 
MSC increases the likelihood of exporting. We implement a recursive bivariate model with 
instrumental variables to account for endogeneity of MSC and export. Other studies on these 
data do not explicitly model the possible endogeneity of certification and export while 
focusing on productivity in manufacturing sector (Ferro, 2011). 
We proceed in two steps. First, export and certification are investigated as separated events in 
the frame of the probit model (e.g. Greene, 2003). This model is appropriate because both 
export and MSC are both dichotomous. Second, suspecting that the MSC and exports are 
related activities and unobserved factors (e.g. management culture) could affect the results of 
the first step, MSC and export are jointly investigated in the frame of the recursive bivariate 
probit model (Greene, 2003). In this model, the errors of the equation explaining the MSC are 
correlated with the errors of the equation explaining the export. The MSC is included in the 
right–hand side of export equation. 
In formula:  

 

��� � ��´�� � ���� � ��� �� � ���������� � ������������������ 

��� � ��´ �� � ������������������������ � ���������� � �� ����������� 

� �������� � � �������� � � 

��� �������� � ��� �������� � � 

��� ��� �������� � � 

 

Where �� � � if the firm directly exports, �� � ��if the firm serves national market 
only���´ are control variables of equation explaining certification and ��´  are control variables 
of equation explaining export. Finally, we extend the bivariate probit including variables that 

                                                                                                                                                   
 
on the ISO standard for information security management ISO 27001 certified 
https://isotc.iso.org/livelink/livelink?func=ll&objId=20719433&objAction=browse&viewType=1 
In 2013, 349 587 firms were active in Hungary (bd_9fh_sz_cl_r2. Employer business demography by size class 
(from 2004 onwards, NACE Rev. 2) 
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are associated with the reputation of the firm: foreign ownership and external financial 
auditors. 
4.2.1 Propensity of Management System Certification 

Coefficients of a nonlinear model are not easily interpretable in terms of probability. 
Therefore, Table 3, Table 4 and Table 5 report the Average Marginal Effects (AME) that is 
the average change in probability of exporting or certification when a particular explanatory 
variable increases by one unit. The complete regressions’ coefficients are reported Table 6 in 
the Annex 
As we are simultaneously modelling certification and export, first we shortly discuss the 
propensity to be certified (Table 3), then we move to the impact of certification on export 
(Table 4). Before commenting the results, we look at the appropriateness of the model and 
note that the correlation coefficient of the error terms of certification and export equations is 
negative and statistically significant at 10%. This means that the bivariate Probit that 
simultaneously model certification and export is more appropriate than two separated probit 
models (eq. 1 in Table 3 and eq. 4 in Table 4). We note also that adding the variables related 
to reputation of the firm (foreign ownership and external financial auditors) (eq. 3 in Table 3 
and eq. 6 in Table 4) considerably reduces magnitude and statistical significance of the rho. 
We interpret these results as evidence that, ceteris paribus, unobserved firms’ reputation that 
facilitates export is negatively associated with certification. 

Table 3Equation 1 reports the probit estimation, Equation 2 is the bivariate probit and (3) 
bivariate probit with reputation variables. Aside country and industry fix effects, in line with 
previous literature, all models show that certification positively correlates with size (number 
of employees) and communicating by website. Both instrumental variables, use of technology 
licensed from a foreign-owned company, and control from the tax authorities are correlated to 
certification. Equation (3) shows that also reputation variables such as foreign ownership and 
financial revision by external auditors are positively related to certification. Interestingly, 
firms with female top management are not more likely to be certified3 (Table 3). 

Table 3. Propensity of Management System Certification APE 

 (1) (2) (3) 
 Probit Biprobit Biprobit with 

reputation 
variable 

Female Manager -0.00804 -0.00840 -0.00776 
 (0.017) (0.017) (0.017) 
Firm characteristics    
Ln Employees 0.0598*** 0.0595*** 0.0522*** 
 (0.005) (0.005) (0.005) 
 Ln Age 0.0169 0.0171 0.0191* 
 (0.010) (0.010) (0.010) 
Web Communication 0.103*** 0.102*** 0.0983*** 
 (0.014) (0.014) (0.014) 

                                                

 
3To the best of our knowledge, no study investigated whether female managers are more likely to get MS and certification. 
The only two studies that use gender (as control variable) while investigating certification determinants show that female 
ownership is not statistically associated with certification (Fikru 2014b) or firms with female owned firms are less likely to 
adopt certification (Fikru ,2014a). 
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IV    
Foreign Technology 0.141*** 0.146*** 0.132*** 
 (0.020) (0.019) (0.020) 
Tax controls 0.00556** 0.00635** 0.00555** 
 (0.003) (0.002) (0.002) 
Reputation    
Foreign Ownership   0.0734*** 
   (0.026) 
External Auditors   0.0488*** 
   (0.014) 
Industry dummies  Yes Yes Yes 
Countries dummies  Yes Yes Yes 
RHO  -0.410 -0.276 
P-value RHO  0.00315 0.0979 
observations 4111 4111 4111 

Robust Standard errors clustered by size, industry and countries in parentheses. 
Notes: 
* p<.10, ** p<.05, *** p<.01 
 

4.2.2 Propensity of direct exports 
 Table 4 show the impact of MSC on export activity. Certification positively affects the 
exports in all models. The magnitude of the impact is 6.06% in equation (4), 21.7% in 
equation (5) and 15.2% in equation (6). It is interesting to note that the impact is lowest in 
equation (4) when the model is considering certification as exogenous. When modelling 
certification as endogenous, its impact on export is much stronger.  

Looking at eq. 6, we note that average marginal effect of foreign ownership on export is 
considerable (10.4%) and statistically significant. The impact of certification decreases from 
21.7% to 15.2% reducing also statistical significance. This result is consistent with the 
argument that certification is an effective tool to promote export especially in case the 
firm faces reputation gap. 

Table 4 .Propensity of direct exports APE 

 (4) (5) (6) 
 Probit Biprobit Biprobit with 

reputation variable 
ICS 0.0606*** 0.217*** 0.152** 
 (0.012) (0.058) (0.064) 
Female Manager -0.00542 0.000941 0.000936 
 (0.013) (0.013) (0.013) 
Firm characteristics    
Ln Employees 0.0381*** 0.0273*** 0.0265*** 
 (0.004) (0.005) (0.006) 
 Ln Age -0.00415 -0.00540 -0.000249 
 (0.008) (0.008) (0.008) 
Web Communication 0.0822*** 0.0665*** 0.0698*** 
 (0.012) (0.012) (0.013) 
Reputation    
Foreign Ownership   0.104*** 
   (0.022) 
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External Auditors   0.00269 
   (0.011) 
Industry dummies  Yes Yes Yes 
Countries dummies  Yes Yes Yes 
RHO  -0.410 -0.276 
P-value RHO  0.00315 0.0979 
Obs. 4111 4111 4111 

Standard errors in parentheses 
Notes:  
* p<.10, ** p<.05, *** p<.01 
 

4.3 Gender, certification and export 
We may observe additional indirect evidence of the interplay between reputation and 
certification analyzing the impact of MSC on export engagement by gender of the 
management. Assuming that female managers suffer from reputation gaps more than male 
managers because of persisting prejudices, we argue that firm managed by females are 
suffering higher reputation gaps. Therefore, if a female-led firm obtains certification it should 
be more likely to export than certified firms that are managed by men.  
Based on the estimates in Table 6, Table 5 reports the average marginal effects of MSC on 
export by management gender. Looking at column (6a) we see in the upper panel that 
certified firms with male managers have more chances (13.9 percentage points) to engage in 
exports than non-certified firms. Female managed certified firms have 20.2 percentage points 
more than non-certified firms. The lower panel at column (3) shows the difference between 
female and male managed firms and the associated statistical significance. Looking at column 
(6a) we see that female managed firms export more (20.2%) than male managed firms 
(13.8%) and this difference (6.43) is statistically significant. A similar pattern can be observed 
for eq. 4a and 5a. 

As certified female managed firms have higher chances to direct export than certified 
man managed firms, we can conclude that in terms of export, firms managed by females 
benefit more from international standards certification than firms managed by men. 

Table 5 Influence of MSC certification on Export by gender of management 
 (4a) (5a) (6a) 
 Probit Biprobit Biprobit with 

reputation variable 
No ICS ref. ref. ref. 
ICS with Male Manager 0.0503*** 0.204*** 0.139** 
 (0.013) (0.057) (0.063) 
ICS with Female Manager 0.101*** 0.270*** 0.203*** 
 (0.028) (0.073) (0.078) 
ICS for Female man. - ICS 
for Male man. 

0.0509* 0.0668* 0.0644* 

Standard err. (0.0302) (0.0402) (0.0368) 
Obs. 4111 4111 4111 
    

Standard errors in parentheses 
* p<.10, ** p<.05, *** p<.01 
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5 Discussion and Conclusions  
The main intention in this paper is to explore whether international certification may help to 
compensate the gender prejudice and therefore increases the likelihood of female managed 
firm to engage in exporting activities. We argue that international certification signals that the 
management system meets international standards, which provides confidence in the 
company. This confidence is in particular need for firms based in developing and in transition 
countries and without alternatives source of credibility. In the business world dominated by 
men, female leadership may be another reason to have less confidence in a company.  

This empirically tests whether certification increases exporting propensity and under which 
conditions. In particular, we look at the mediating effect of female management on the 
relationship between certification and export. 
The empirical analysis is based on data from Enterprise Surveys, conducted by the World 
Bank in 2013 that includes 4111 medium-sized and large manufacturing and service firms 
from 25 Central and Eastern European countries in transition. We implement a recursive 
bivariate model with instrumental variables to mitigate endogeneity of certification and 
export.  

In line with previous literature, we document that Management System certification -MS 
certification- is positively associated with export propensity (e.g. Goedhuys and Sleuwaegen 
2013). Our findings show that the impact of certification on export propensity decreases in 
magnitude when other sources of reputation are available such as foreign ownership. The 
most innovative outcome of our research is that, certified female managed firms have higher 
export potential than certified man managed firms. We can conclude that in terms of export, 
firms managed by females benefit more from international standards certification than firms 
managed by men. This result is consisted with the view that certification is an effective tool to 
increases legitimacy of firms in transition economies (Zhang et al., 2018) and Xie et al. 
(2011). Credible certifications not only alleviate reputation gap due to absence of institutional 
support (Goedhuys and Sleuwaegen, 2016, Perugini and Selezneva, 2015) but also 
compensate gender prejudice. 

This research opens many venues of research. Even if showed that MS certification increases 
the chances of export, because of data limitation we are not able to disentangle the effects of 
the management system itself from the signaling effect of the certificate.  
The econometric model hinges on the external validity of the instruments to mitigate concerns 
of endogeneity and simultaneity issues, future research may use panel data to better asses this 
issue. Ideally, future data should assure external validity of the results and include both 
developing and developed countries. Future work may investigate the relationship between 
gender, MS certification and export explicitly incorporating also the productivity of firms. 
From an econometric point of view, our model considers the certification as endogenous but 
the female management is taken as an exogenous variable. That means that the drivers and the 
conditions that influence the female leadership not considered. Further investigation is needed 
to deep our understating on the drivers and the conditions that conduct female to led a 
company.  
Current work focused on female managed firms and it could be enhanced looking at female 
owned firms. Even if in most small business the manger and the owner are the same, we 
expect that the gender prejudice being more severe in the case of the female managers rather 
than the case when the owner is a woman and the manager is a man. Additionally, our 
research focused on the propensity to engage in export activities (also known as extensive 
margin) neglecting the share of export (also known intensive margin) because reputation gap 
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and female prejudice should be stronger when a firm start exporting. However, future 
research should investigate whether and how gender prejudice and certification effect change 
after starting to export. In other words, building on the work of Kapri, (2019), future research 
could investigate whether after starting to export, have certified female-led firm higher export 
share than male managed firms. All these interesting questions are left for the future. 
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ANNEX 
Table 6 Models estimates 

 (1) (2) (3)  (4)  
 Probit -Dep. 

ISC- 
Probit -Dep. 

Export- 
biprobit -
dep. ISC- 

 biprobit -
Dep. export- 

 

 International 
quality 

certification 

Direct 
Exports 

International 
quality 

certification 

Direct 
Exports 

International 
quality 

certification 

Direct 
Exports 

ICS  0.267***  0.930***  0.681** 
  (3.97)  (4.42)  (2.56) 
Female Manager -0.0311 -0.168* -0.0324 -0.171* -0.0303 -0.171* 
 (-0.48) (-1.82) (-0.50) (-1.91) (-0.47) (-1.87) 
MSC with 
Female Manager 

 0.337**  0.372**  0.390** 

  (2.10)  (2.41)  (2.47) 
Firm 
characteristics 

      

Ln Employees 0.224*** 0.221*** 0.223*** 0.158*** 0.197*** 0.156*** 
 (10.95) (9.21) (10.88) (4.95) (9.22) (4.59) 
 Ln Age 0.0651* -0.0241 0.0657* -0.0308 0.0737* -0.00123 
 (1.65) (-0.50) (1.67) (-0.66) (1.86) (-0.03) 
Yes 0.391*** 0.477*** 0.388*** 0.384*** 0.375*** 0.411*** 
 (7.53) (7.09) (7.47) (5.23) (7.20) (5.39) 
IV       
Foreign 
Technology 

0.483***  0.496***  0.455***  

 (7.74)  (8.14)  (7.29)  
ln tax controls 0.0829**  0.0915***  0.0832**  
 (2.40)  (2.69)  (2.41)  
Reputation       
Foreign 
Ownership 

    0.263*** 0.525*** 

     (2.98) (5.31) 
External Auditors     0.181*** 0.0161 
     (3.56) (0.25) 
Industries       
: Textile Ref. Ref. Ref. Ref. Ref. Ref. 
Leather -0.0455 -1.758*** -0.0394 -1.665*** -0.00210 -1.768*** 
 (-0.14) (-3.60) (-0.12) (-3.49) (-0.01) (-3.74) 
Garments 0.145 -0.315 0.137 -0.324* 0.146 -0.332* 
 (0.67) (-1.62) (0.64) (-1.67) (0.66) (-1.69) 
Food 0.468** -0.923*** 0.442** -0.987*** 0.462** -0.971*** 
 (2.18) (-4.66) (2.08) (-4.95) (2.07) (-4.80) 
Metals and 
machinery 

0.441** -0.377* 0.409* -0.461** 0.424* -0.442** 

 (2.02) (-1.89) (1.89) (-2.28) (1.87) (-2.15) 
Electronics 0.382 -0.389 0.354 -0.472* 0.366 -0.474* 
 (1.38) (-1.48) (1.28) (-1.80) (1.30) (-1.81) 
Chemicals and 
pharmaceuticals 

0.610** -0.359 0.576** -0.487* 0.542* -0.516* 

 (2.25) (-1.34) (2.16) (-1.81) (1.95) (-1.94) 
Wood and 
furniture 

-0.171 -0.487** -0.182 -0.433** -0.161 -0.446** 

 (-0.71) (-2.28) (-0.76) (-2.00) (-0.65) (-2.02) 
Non-metallic and 
plastic materials 

0.361 -0.495** 0.329 -0.556*** 0.344 -0.541*** 

 (1.61) (-2.42) (1.49) (-2.70) (1.49) (-2.59) 
Other 0.223 -0.666*** 0.190 -0.686*** 0.199 -0.707*** 
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manufacturing 
 (0.98) (-3.20) (0.84) (-3.26) (0.84) (-3.30) 
Retail and 
wholesale trade 

-0.0547 -1.508*** -0.0823 -1.434*** -0.0764 -1.482*** 

 (-0.26) (-8.00) (-0.40) (-7.30) (-0.35) (-7.41) 
Hotels and 
restaurants 

-0.0423 -1.871*** -0.0609 -1.774*** -0.0458 -1.842*** 

 (-0.19) (-7.47) (-0.27) (-6.96) (-0.20) (-7.07) 
Other Services 0.137 -0.799*** 0.105 -0.803*** 0.111 -0.818*** 
 (0.64) (-4.04) (0.49) (-4.00) (0.49) (-4.00) 
Other: 
construction, 
transportation, 
etc 

0.222 -1.939*** 0.194 -1.907*** 0.220 -1.903*** 

 (1.03) (-8.57) (0.90) (-8.23) (0.98) (-8.11) 
 Countries:        
 
Uzbekistan 

Ref. Ref. Ref. Ref. Ref. Ref. 

Albania 0.824*** 0.577** 0.783*** 0.385* 0.848*** 0.481* 
 (4.27) (2.49) (4.06) (1.67) (4.34) (1.94) 
Armenia 0.646*** 0.512** 0.622*** 0.377* 0.679*** 0.453** 
 (3.57) (2.32) (3.45) (1.76) (3.71) (1.97) 
Azerbaijan 0.193 -0.433 0.176 -0.459 0.205 -0.365 
 (1.03) (-1.39) (0.95) (-1.54) (1.09) (-1.18) 
Belarus 0.467* 0.493* 0.413 0.400 0.371 0.408 
 (1.75) (1.81) (1.54) (1.54) (1.35) (1.49) 
Bosnia and 
Herzegovina 

1.038*** 1.165*** 1.017*** 0.919*** 0.980*** 1.030*** 

 (5.72) (5.47) (5.64) (4.20) (5.37) (4.38) 
Bulgaria 0.817*** 1.090*** 0.802*** 0.896*** 0.812*** 0.992*** 
 (4.30) (4.91) (4.26) (4.04) (4.26) (4.15) 
Croatia 0.649*** 1.199*** 0.625*** 1.039*** 0.634*** 1.134*** 
 (3.09) (5.03) (2.99) (4.41) (3.00) (4.54) 
Estonia 0.632** 1.477*** 0.593** 1.297*** 0.594** 1.394*** 
 (2.37) (5.01) (2.23) (4.39) (2.20) (4.50) 
Fyr Macedonia 1.116*** 1.288*** 1.096*** 1.026*** 1.142*** 1.146*** 
 (5.95) (5.88) (5.89) (4.52) (6.05) (4.64) 
Georgia 0.532** 0.395 0.514** 0.273 0.529** 0.360 
 (2.33) (1.30) (2.28) (0.95) (2.33) (1.19) 
Hungary 1.766*** 0.659*** 1.751*** 0.283 1.769*** 0.464* 
 (8.95) (2.73) (8.92) (1.11) (8.96) (1.66) 
Kazakhstan 0.739*** 0.0660 0.724*** -0.0556 0.776*** 0.0668 
 (3.73) (0.24) (3.69) (-0.21) (3.90) (0.24) 
Kosovo* 0.852*** 0.846*** 0.819*** 0.628*** 0.903*** 0.797*** 
 (4.41) (3.65) (4.26) (2.74) (4.63) (3.23) 
Kirgyz Republic 0.659*** 0.391* 0.637*** 0.281 0.641*** 0.283 
 (3.51) (1.69) (3.41) (1.25) (3.39) (1.18) 
Latvia 0.593** 1.445*** 0.589*** 1.283*** 0.567** 1.355*** 
 (2.57) (6.00) (2.59) (5.37) (2.45) (5.38) 
Lithuania 0.417* 1.439*** 0.408* 1.290*** 0.434** 1.398*** 
 (1.90) (5.98) (1.87) (5.46) (1.98) (5.63) 
Moldova 0.315 0.239 0.284 0.172 0.317 0.210 
 (1.59) (0.90) (1.44) (0.68) (1.59) (0.79) 
Montenegro 0.779*** 0.216 0.744*** 0.0438 0.751*** 0.120 
 (3.45) (0.60) (3.29) (0.12) (3.31) (0.32) 
Poland 0.941*** 0.751*** 0.911*** 0.546** 0.978*** 0.659*** 
 (4.87) (3.22) (4.70) (2.36) (4.98) (2.65) 
Romania 1.035*** 0.998*** 1.008*** 0.763*** 1.021*** 0.850*** 
 (5.84) (4.76) (5.71) (3.55) (5.72) (3.66) 
Serbia 1.012*** 1.284*** 0.988*** 1.043*** 1.004*** 1.173*** 
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 (5.39) (5.92) (5.27) (4.66) (5.29) (4.86) 
Slovak Republic 1.318*** 0.953*** 1.283*** 0.638** 1.291*** 0.788*** 
 (6.03) (3.79) (5.86) (2.42) (5.85) (2.79) 
Slovenia 0.502* 1.964*** 0.495* 1.794*** 0.490* 1.863*** 
 (1.76) (6.97) (1.73) (6.48) (1.67) (6.37) 
Ukraine 0.250 0.227 0.241 0.183 0.293* 0.261 
 (1.42) (1.10) (1.38) (0.92) (1.66) (1.24) 
_cons -2.779*** -1.825*** -2.732*** -1.543*** -2.787*** -1.711*** 
 (-9.32) (-6.30) (-9.15) (-5.27) (-9.00) (-5.47) 
RHO   -0.406  -0.273  
pRHO   0.00345  0.0999  
F   8.565  2.709  
df   1  1  
df_r   4039  4039  
obs 4111 4111 4111  4111  
t statistics in parentheses 
* p<.10, ** p<.05, *** p<.01 
 

Table 7 Proportion of MSC firms by countries 

   
 Unweighted 

ISC 
Weighted 

ISC 
Albania 22.4 16.1 
Armenia 26.0 24.0 
Azerbaijan 11.4 11.4 
Belarus 17.7 15.7 
Bosnia and Herzegovina 34.9 36.7 
Bulgaria 28.3 27.6 
Croatia 23.9 21.3 
Estonia 25.6 33.1 
North Macedonia 32.1 33.4 
Georgia 20.5 10.5 
Hungary 60.3 59.2 
Kazakhstan 24.2 25.8 
Kosovo* 32.2 30.2 
Kirgyz Republic 23.9 26.4 
Latvia 15.8 14.5 
Lithuania 20.5 14.9 
Moldova 13.3 10.8 
Montenegro 22.2 19.2 
Poland 38.3 37.5 
Romania 34.8 35.7 
Serbia 35.6 19.4 
Slovak Republic 48.8 45.3 
Slovenia 23.3 22.6 
Ukraine 16.3 13.9 
Uzbekistan 10.1 2.3 
Total 25.6 29.7 
Unweighted Observations 4111  
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Table 8 Proportion of MSC firms by industries  

   
 Unweighted Weighted 
Textiles 26.3 20.5 
Leather 11.6 10.7 
Garments 21.9 31.8 
Food 36.1 46.5 
Metals and machinery 40.3 49.6 
Electronics 42.6 41.0 
Chemicals and pharmaceuticals 44.7 34.8 
Wood and furniture 21.2 21.1 
Non-metallic and plastic materials 30.8 43.7 
Other manufacturing 32.6 37.2 
Retail and wholesale trade 19.2 20.3 
Hotels and restaurants 17.8 23.3 
Other Services 27.5 32.3 
Other: construction, transportation, etc 31.6 36.2 
Total 25.6 29.7 
N 4111  
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Abstract: At the time of Giovanni Giorgi’s revolutionary metrological proposal in 
1901, the absolute three-dimensional “CGS system” (centimeter-gram-second 
system) was universally recognized in science. Although Giorgi showed that the 
addition of a base unit of electrical nature would pave the way for a four-
dimensional and far more logical system, his idea was firmly rejected during 
several decades. The proposal was not formally accepted until 1960 (indeed, more 
than half a century later), and only then converted into the “Système international 
d’unités” – “International System of Units” (SI).   
This amazing acceptance process was intertwined with technical/scientific issues, 
certain ill-founded preconceptions and the foundation/early development of the 
“International Electrotechnical Commission” (IEC). The saga of the acceptance 
process clearly demonstrates that the success of International Standardization is 
based in a particular way on the following core virtue: the inherent capability of 
achieving mutually acceptable compromises despite adverse circumstances.  

1 Introduction 
Contrary to popular belief, international horizontal standardization such as the development 
of a measurement system is not an obscure pastime performed by small groups of introverted 
experts, but a professional activity with its own practices and strong international contacts. 
Where and whenever specialized information and specialized knowledge are prepared, 
presented, processed, transformed and transferred, the ubiquitous measurement systems 
should be accorded a crucial role. 

When the “First International Electrical Congress”, a sort of precursor of today’s IEC was 
held in Paris in 1881, there existed in various participating countries no fewer than   

• 12 Different units of electromotive force  

• 10 Different units of electric current  

• 15 Different units of resistance.  
The above example shows that significant progress in the new field of electrotechnology 
could not be expected without international agreements on physical units and the associated 
terminology. This was the original, most important mission of International Standardization. 
The topic of this arduous acceptance process has so far received relatively little attention in 
academic standardization research. Hence this study is intended to shed some light on the 
underlying, from today’s perspective partially irrational reasons for the extremely lengthy and 
cumbersome acceptance process of the SI.  
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2 Giovanni Giorgi’s metrological proposal  
Standardization of electrical units was a necessity. The Italian scientist and engineer 
Giovanni Giorgi presented his revolutionary ideas in one of the most important papers in the 
history of units (“Unità razionali di elettromagnetismo” – “Rational units of 
electromagnetism”) for the first time on Qctober 13, 1901 at a meeting of the “Associazione 
Elettrotecnica Italiana (A.E.I.)”, the Italian Society of Electrical Engineers (Giorgi, 1901; 
Mayes, 2001; Teichmann, 2001). The A.E.I. had been established in 1896 by the eminent 
physicist and electrical engineer Galileo Ferraris.  
Giorgi’s paper deserves to be read with admiration. His carefully argued presentation 
reviewed the highly unsatisfactory situation, which then existed with regard to electrical and 
magnetic units. The unified system of measuring units, which he proposed was important for 
science, technology and trade, indeed for every aspect of life where a measure is required. On 
his metrological proposal Giorgi produced in total no fewer than 40 papers (Leschiutta, 
2001). Very remarkable is his perseverance: being patient even for decades and waiting for 
the right moment to get the proposal finally accepted. Giorgi’s contribution relates essentially 
to four items (IEC, 1964; Teichmann, 2001):  

• Unification of the electrostatic and electromagnetic systems (which were, as Giorgi 
pointed out, in fact mutually incompatible)   

• Elimination of the need for conversion factors  

• Elimination of the fractional exponents from dimensional equations  

• The conclusion that permittivity and permeability are physical quantities with dimensions: 
Giorgi stated for the first time the numerical values and units for the permittivity and 
permeability in vacuum which are still used today, both of these previously having been 
arbitrarily assigned the numerical value of unity, and zero dimensions.  

His proposal was rejected in an environment, which was firmly rooted in a traditional three-
dimensional description of the world, and which pretended to be fully satisfied by the existing 
“CGS system”. The latter had been created already in the middle of the 19th century (Mayes, 
2001; Wikipedia, 2020). In this environment most scientists dismissed disdainfully any 
direct-reading instruments for measuring quantities other than length, mass and time. During 
nearly two decades, the scientific world was particularly upset about the “too easy 
measurement” of the mechanical and electrical equivalent of the calorie (Leschiutta, 2001). 
Giorgi’s ideas were simply too much in advance of the prevailing thinking: For him the link 
between the mechanical and the electrical units was ensured by “power”. 
As a young engineer, Giorgi had done work also in steam-generated electric traction and 
hydroelectric installations. Based on this on-the-job experience, he had a practical feel for 
energy conversion. He had thus no hesitation stating in his original paper ” … the only link 
necessary between a system of electrical and magnetic measures and a system of mechanical 
measures is that the unit of energy should be common to both … therefore, for the two 
fundamental mechanical units, length and mass, the choice remains arbitrary, subject to the 
condition that they yield the watt as the unit of mechanical power” (Giorgi, 1901).  
The amount of Giorgi’s scientific contributions in total is absolutely amazing (Leschiutta, 
2001). His exceptional production comprises 345 publications (more precisely, 290 papers, 45 
extended reports and ten books). These contributions were by no means limited to the field of 
metrology, but they address also subjects like electric railways, education and even relativity. 
His publications on metrology and measurements deal with the following topics: Quantities 
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and fundamental concepts, Metrological proposal, Time concepts and metrology, Electrical 
measurements and concepts, Photometry and Calorimetry.  

3 The intertwined historical background of SI and IEC  
Several “International Electrical Congresses”, which were held between 1881 and 1904, 
contributed greatly to the development of electrotechology. They were, however, meetings of 
government delegates who were not a particularly qualified group for the discussion of 
scientific questions with far-reaching scientific and practical implications. At the sixth 
Congress in St. Louis in 1904 the important decision was taken to create a forum, which 
would be appropriate for the discussion of Giorgi’s ideas. This new organization was intended 
as permanent rather than limited in time, with an appropriate central structure, and able to 
organize periodic meetings as required. It should also be sufficiently close to the needs of 
industry, and thereby represent a suitable forum for discussing and solving problems 
involving scientific as well as practical aspects. This organization was originally intended to 
consist of two “permanent international Commissions” with different duties:  

• To make a study of electric units and standards  

• To study the unification of nomenclature and of characteristics of electrical machines and 
apparatus.  

That way the “International Electrotechnical Commission” was initiated in 1904. At a 
preliminary meeting in London in 1906 the two separate “Commissions” were combined into 
a single organization, with the new title “Commission on terminology”. This act represents in 
principle the birth of the IEC, which held its first meeting in 1908 in London. On this occasion 
the eminent physicist Lord Kelvin was elected as its first president. At first glance it seems 
strange that the acceptance process of Giorgi’s ideas, despite their obvious potential for a big 
leap forward, turned out to be excessively slow: In fact, thirty-five years up to their 
submission for final approval by the IEC, and more than half a century elapsed before their 
final conversion into the SI in 1960.  
The chronological distribution of Giorgi’s papers on his proposal and of his subsequent 
contributions to relevant discussions at the forum provided by the IEC is revealing: The 
distribution shows that a first and a second period of intense activity were separated by some 
thirty years of almost continual silence (Leschiutta, 2001). A later third and last period of 
significant activity comprises, besides Giorgi’s contributions to discussions at IEC meetings, 
also discussions and decisions at the level of three other competent, global organizations. 
Hence, the temporal distribution of his active/inactive periods is the following: 

• First period of intense activity on Giorgi’s part, from 1894 to 1904:  
      Preparation and presentation of his metrological proposal  

• Period of Giorgi’s silence, from 1905 to 1932:  
      Foundation of the IEC in 1906;  
      Early work of IEC Technical Committees (TCs) on subjects other than Giorgi’s proposal; 
      Disruption of work due to World War I, 1914 to 1918 

• Second period of intense activities on Giorgi’s part, from 1932 to 1938:  
      Discussion of his metrological proposal at the forum provided by the IEC  

• Disruption of work during World War II, 1939 to 1945 
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• Third period of intense activities, from 1946 to 1960:  
Resumption of discussions and decisions at the IEC level; 
Discussions, decisions and final acceptance at the CIPM, BIPM and CGPM 

The above temporal distribution is striking because it appears to indicate the following: After 
the presentation of Giorgi’s ideas (in fact not by himself, but by the president of the A.E.I. 
who was its delegate) at the Sixth International Electrical Congress in St. Louis in 1904, he 
felt that the time was not yet ripe for further efforts. The precursor Giorgi, at any rate, 
remained almost silent about the present subject until around 1932, when the second period of 
intense activities began, this time by resorting to the IEC forum.  

4 Chronological sequence of the acceptance process    
An in-depth discussion of Giorgi’s proposal at the IEC level started in fact only in 1932, i.e., 
with the “Second period of intense activities on Giorgi’s part”. In view of these circumstances 
it is appropriate to enlarge on the development and governance of the “Commissions” at the 
time after the “First active period”, on the activities during the “Second active period”, and 
on turning points during the “Third active period”.  
During the latter “Third period”, after World War II, the global organizations CIPM, BIPM 
and CGPM (which are still active today) became also involved. Their titles are   

• Comité international des poids et mesures - International Committee on Weights and 
Measures (CIPM)   

• Bureau international des poids et mesures - International Bureau on Weights and Measures 
(BIPM)  

• Conférence générale des poids et mesures - General Conference on Weights and Measures 
(CGPM).  

• The question arises whether, and to what extent the development of the “Commissions” 
over this prolonged period of time is interrelated with ongoing attempts to resolve the 
recurring scientific controversies. Salient points of the winding path to the final acceptance 
of Giorgi’s proposal are therefore presented in chronological order. 

• In 1908 the first meeting of the “Commission on electric units and standards” was held in 
London. It was mainly concerned with electrical units and their representation.    

• Likewise, work in the field of terminology was undertaken from 1908 on by the first TC of 
the IEC to be appointed, at that time under the title “Advisory Committee on 
Nomenclature”, with the Number 1.   

• The early work of TC 1 started in Cologne in 1911 on several subjects.  

• It was, only in 1927 that TC 1 got to work on the study of outstanding problems 
concerning electric and magnetic quantities and units. At that time, the distinction between 
“magnetic field strength” and “magnetic flux density” was far from being generally 
understood.       

• In 1930 a TC 1 meeting was held in Stockholm. At that time TC 1 comprised two Sub-       
Committees (SCs): SC 1, Vocabulary and SC 2, Magnetic units.   

• TC 1 decided in 1931 to subdivide its field of study into three categories: Section A, 
Vocabulary; Section B, Electric and Magnetic Magnitudes and Units; and Section C, Letter 
symbols.  
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Note: The international standardization of letter symbols is a basic task. In some cases, the choice has been 
influenced by words in major languages, e.g. I from intensity, R for resistance. This has, however, been possible 
only in a few cases and the lack of suitable available letters has been felt cumbersome. Therefore, frequently 
language-independent subscripts are standardized.  
• At the TC 1 meeting held in 1935 in Scheveningen, Giorgi’s memorandum was presented. 

The Committee accepted a request of its Section B to adopt Giorgi’s proposal for use 
throughout electrical engineering, and comprising the three mechanical base units metre, 
kilogramme, second, plus a fourth base unit of electrical nature. No agreement was 
reached, however, on this fourth base unit, or on the rationalization of the defining 
equations (in rationalized equations, factors of 4� appear only where they are geometrically 
appropriate). At the proposal of the IEC, the four-dimensional system would be called 
“Giorgi system”. 

• In view of the importance of the issues dealt with by Section B of TC 1, it was also decided 
in 1935 to entrust all questions concerning electric and magnetic magnitudes and units to a 
special Committee with the title “Advisory Committee on Electric and Magnetic 
Magnitudes and Units”, with reference number TC 24. 

• A further Committee TC 25 was established with the title “Quantities and units, and their 
letter symbols”. The reference numbers TC 24 or TC 25 indicate that, by 1935, the IEC had 
already set up a large number of TCs for the rapidly developing sectors of 
electrotechnology. 

• In 1938, TC 24’s first meeting was held in Torquay. It was chiefly concerned with the 
problem of a choice of either the fourth base unit in the Giorgi system, or of finding a 
connecting link between the electrical and mechanical units of the same system. As a 
result, the meeting confirmed that any one of the practical electrical units already in use 
(that is, ohm, ampere, volt, henry, farad, coulomb and weber) could equally serve as fourth 
base unit.  

• At the first meeting of TC 24 after World II, which was held in Paris in 1950 (incidentally, 
only a few months prior to Giovanni Giorgi’s death by accident) the “ampere” was finally 
recommended as fourth base unit. This means that Giorgi died with the satisfaction of 
having seen his efforts of 49 years come to fruition, except for the still pending decision on 
rationalization.   

• In 1956, at a meeting in Munich, the IEC completed Giorgi’s work by also adopting his 
rationalized form of the field equations.  

• During the “Third active period”, important discussions and decisions took place within 
the competent organizations CIPM, BIPM and CGPM. The final result of these activities 
was the recognition of the “Giorgi System” in 1960 (IEC, 1964).    

• In 1971, with a view to improving efficiency, IEC/TC 24 and 25 were merged into a single 
Committee IEC/TC 25. Its title was “Quantities and units, and their letter symbols”. 

• This chronological sequence reflects on the one hand an influence of the emerging 
technical/scientific issues on the structure and governance of the early IEC “Committees”, 
and it shows on the other how such structural changes affected in turn the capability of the 
“Committees” to cope with the pending problems. This means that a mutual dependence 
existed between emerging issues and governance. 
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5 Mental block against Giorgi’s ideas  
Already many centuries ago, the church father Augustine has stated that for the acceptance of 
a new idea requiring the shift of deep-rooted beliefs, a time span of two or three generations 
would be necessary. In a similar way, Giorgi’s proposal was indeed refuting the prevailing 
firm conviction that the three basic mechanical units centimeter, gram and second were 
sufficient for an adequate description of the physical world. But Giorgi claimed quite rightly, 
that “no relation whatever has yet been discovered, explaining electrical phenomena by purely 
mechanical considerations. Electromagnetism brings us into a new world, which although 
related with the world of material dynamics, cannot at present be conceived as a part of the 
same. Science has shown us that the scaffolding by which electromagnetic definitions were 
based on purely mechanical theories cannot be relied upon”. This means that Giorgi was 
deliberately breaking an accepted “truth” and an - until this point in time - uncontested 
paradigm (Leschiutta, 2001).  
Giorgi’s proposal, even though accepted by a number of scientists, was considered dangerous. 
It was in practice rejected not so much for the “rationalization” (factors 4� appeared only 
where they were geometrically appropriate) or for the introduction of electrical permittivity or 
magnetic permeability in vacuum, but for the introduction of his fourth base quantity of 
electrical nature. This step was considered an unnecessary mistake. The “mechanic only” 
solution represented at that time a generally accepted paradigm, and the experts’ strong belief 
has undoubtedly hampered the adoption of Giorgi’s new measuring system. The conclusion 
can therefore be drawn that a strong mental block opposed any new, undesirable concepts.  
At present, in most fields of science and engineering the SI is the only system in use, and only 
in certain subfields the CGS system is still prevalent. It should be noted, however, that three 
additional base quantities have been added in recent years. The additional Base quantities, 
Base units and their Unit symbols are the following:  
• Thermodynamic temperature, degree Kelvin (now kelvin), K  

• Amount of substance, mole, mol  

• Luminous intensity, candela, cd. 

6 Controversy about direct-reading instruments  
One of the major achievements of the second part of the 18th century was the recognition that 
heat was just a form of energy. J.P. Joule and others succeeded in determining the mechanical 
equivalent of the calorie by calorimetric measurements, in which a known amount of 
mechanical energy was dissipated and transformed into the heat of a given quantity of water. 
Relevant experiments were simple in principle, but an array of carefully chosen instruments 
was needed to reach a high accuracy. The necessary measurements were therefore overly 
tedious, and in some cases months were required to reach a satisfactory accuracy. Both 
physicists and engineers were therefore struck by a paper published in 1884 by W. Ayrton 
and H.C. Haycraft, stating that the very same measurements could be performed by any 
young student in a school laboratory by using two direct-reading instruments, namely a 
voltmeter and an ammeter (Gooday, 2004).  
Physicists, however, objected strongly to the application of commercial electrical engineering 
practices for physical determinations, and therefore were against the acceptance of any form 
of ammeters as legitimate laboratory equipment (Leschiutta, 2001). In their view the 
measurement of an electrical current was the result of a ”skilled task”, to be performed by 
“elaborate devices” requiring “special precautions” and certainly not an “easy to use” device. 
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The measurement had, in particular, to be performed via the determination of a force (length, 
mass, time), a length, and a quantity of magnetism (length, time).   
In a similar way, the measurement of an electromotive force had to be performed via the 
determination of a quantity of electricity (quantity of magnetism, force, length, time), and of a 
work (force, length).  

The traditional, curious and somewhat disturbing definition of the fundamental SI unit 
“ampere”, is unsatisfactory and well known to physicists or electrical engineers:  “Two wires 
of infinite length, one meter exactly apart, with negligible cross section, all kept in vacuum, 
while measuring a given force per meter of wire length”, defies any practical implementation. 
Moreover, the force to be measured is extremely small. 
Nevertheless, he use of direct-reading instruments instead of a tangent galvanometer or other 
instruments calibrated in centimeters, grams and seconds, was considered to be a “harmful 
failure”, a “moral laxity”, and a way of  “smoothing out the difficulties of an experiment”.                    
In this way of thinking, it was considered in some circles a firm dogma that any direct-reading 
instrument not directly referring to length, mass and time could only give “unscientific 
information”. Consequently, in some European universities the  “ammeter” was an instrument 
not even to be used, but all observations had to be “reduced” to CGS.  

This controversy about direct-reading instruments and the “legality” of making measurements 
not linked to the three mechanical properties continued for about twenty years. It was loaded 
with considerations about pedagogy, training of young researchers and technicians, and gave 
inevitably in some circles rise to barriers between physicists and engineers. This issue 
contributed undoubtedly to the slow and cumbersome acceptance process of Giorgi’s 
metrological proposal.  

7 Conclusions  
The conclusions from the preceding considerations can be classified into two categories: 
Items, which are closely related to the special case of the SI acceptance process on the one 
hand, and on the other items which concern fundamental aspects of global standardization.   
7.1 Particular aspects of the SI acceptance process  

By its very nature, the sector of electrical engineering involves frequently scientific aspects. 
Logically, the standardization of physical quantities and their units proved necessary much 
earlier in electrotechnology than in any other field of engineering. IEC’s sister organization 
“International Organization for Standardization (ISO)”, for instance, which is responsible for 
the numerous technical sectors other than electrotechnology, was founded only after World 
War II in 1947.  

The acceptance of the SI was a particularly arduous task. The following major reasons can be 
observed: 

• The knowledge about the complex subject matter of electrometrology, at that time a highly 
controversial subject, was still in its infancy.  

• The newly born IEC had yet to develop an efficient structure while lacking an effective 
methodology and practical experience. Moreover, the emerging technical/scientific issues 
and the development of the IEC structure were interdependent. 

• The scope of the task to be addressed was initially only vaguely defined and had, during the 
long-lasting acceptance process, necessarily to be readjusted. 
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The Italian scientist and engineer Giovanni Giorgi was undoubtedly an important precursor in 
the true sense of the word, and the long overdue recognition of his metrological proposal from 
1901 in 1960 only as “International System of Units (SI)” may represent the biggest-ever 
individual achievement in global standardization. Surprisingly, Giorgi’s original paper still 
seems modern today. 
By now the SI has been globally accepted and incorporated into the legislation of most 
countries. And it will remain a living system, which shall always reflect current best 
measurement practice. The SI includes at present a total of seven base units (as compared to 
the original four base units in 1960). A recent development in this field is of worldwide 
importance (NIST, 2019): The BIPM decided in November 2018 to redefine fundamentally 
the world’s existing measurement system - but only as measurement techniques evolved and 
allowed more accurate realizations. The “Giorgi System” is from now on based exclusively 
on unchanging, fundamental properties of nature.  

7.2 Fundamental aspects of global standardization 
Horizontal standards work is more than an obscure activity of some introverted, self-
appointed experts. It has general impact ranging from fundamental science all the way up to 
society. It should be noted that a broad and truly international consensus has to be reached 
because otherwise the member countries of the originating organizations and the standards 
setting organizations’ specialized vertical/product-oriented committees would not readily 
accept and actually implement the deliverables.  

Giovanni Giorgi’s case shows that being ahead of one’s time can draw far more criticism than 
being behind. 

The present-day SI represents a more or less hidden building block for the smooth functioning 
of businesses and society as a whole. Its almost epic acceptance process demonstrates that the 
capability to finally find a consensus despite major controversies presents a core virtue of 
International Standardization.  

The CGPM-approved SI base units provide the reference in term of which all other SI units – 
and even the units of the non-metric U.S. Customary system – are defined.  
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Abstract: This study aims at exploring the perception of experts involved in or 
responsible for standardization in companies, associations, organizations for 
standardization, academia, and governmental agencies related to the impact of 
expertise in standardization on the internationalization of Small and Medium 
Enterprises (SMEs). The semi-structured interview via e-mail was used to collect 
data. We analyzed data from 28 experts from 14 countries using the Critical 
Incident Technique (CIT) and the qualitative content analysis method. Five 
categories were determined: (1) use of standards, (2) participation in the 
standardization process, (3) expertise in standardization, (4) education about 
standardization, and (5) the main sources available or ready to be used by SMEs 
for acquiring knowledge, skills, competence, and expertise in standardization. Our 
results suggested that the use of standards, participation in the standardization 
process, expertise in standardization, and education about standardization 
significantly contribute to the internationalization of SMEs. 

1 Introduction 
According to the “Annual report on European SMEs” - in 2018 - “SMEs accounted for 99.8% 
of all enterprises in the EU non-financial business sector, out of which 93% are micro SMEs” 
(EC, 2019, pp. 11). This seems to indicate that about 25 million SMEs made 56.4% of value-
added and 66.6% of employment in the EU non-financial business sector (EC, 2019, pp. 11). 
Out of the total number of SMEs - “28.4% were active in the knowledge-intensive services 
industries and 1.0% in the high-tech industries” (EC, 2019, pp. 17). Even though “SMEs can 
be found in all industrial sectors”, these enterprises are usually founded in sectors that export 
significantly little (EC, 2018a, pp. 5). For example - in 2017 - out of the total number of 
SMEs - “55% were operating in sectors that export less than 5% of their turnover and 37% 
were operating in sectors in which exports account for only 5% to 10% of their sales” (EC, 
2018a, pp. 5). “Only 7.3% of SMEs were operating in sectors that export about 10% or more 
of total sales, and about 24.1% of large enterprises were doing business in these sectors” (EC, 
2018a). 
Gereffi (1999) defines - internationalization - as “the geographic spread of economic activities 
across national boundaries”. It can occur in a number of different ways. In the context of this 
study, internationalization can be seen as (1) subcontracting, (2) exporting or importing goods 
and services, (3) making outward or attracting foreign direct investments, (4) engaging in 
cross-border business collaborations, and (5) engaging in cross-border R&D collaborations.  

To date, special attention has been paid to the internationalization of SMEs, as it has found to 
be of significant importance for SMEs' growth and success (EC, 2018b). The exploitation of 
the global market enables owners and/or managers of SMEs to start their business activities 
abroad and successfully carry them forward. Given that the internationalization of SMEs is 
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significant for different public policymakers (Wymenga, Plaisier, & Vermeulen, 2013, pp. 
15), the European Union (EU) has established several support programs aimed at encouraging 
and fostering the internationalization of European SMEs. Given the lack of SMEs' resources 
and capabilities (de Zubielqui, et al., 2018; Desouza & Awazu, 2006; Hervas-Oliver et al., 
2016), the need to support the internationalization of SMEs has been repeatedly stressed out.   

The current state of research related to the significance of expertise in standardization for the 
internationalization of SMEs is scarce and not enough. There is enough evidence to suggest 
that SMEs could benefit from expertise in standardization and find a way in which expertise 
in standardization can be used for the internationalization of SMEs (Chen et al., 2006, pp. 2). 
Aiming to expand our understanding of how SMEs acquire knowledge, skills, competence, 
and expertise in standardization and our understanding of how expertise in standardization 
impacts the internationalization of SMEs - this study aims at exploring the perception of 
experts involved in or responsible for standardization within companies, associations, 
organizations for standardization, academia, and governmental agencies, related to the impact 
of expertise in standardization on the internationalization of SMEs. Assuming that SMEs have 
a certain level of expertise that enabled them to start their business activities and successfully 
carry them forward, given the lack of resources and capabilities, this might not be an expertise 
in standardization. SMEs might need external expertise to experience all these benefits.  

2 Literature Review 

2.1 The Significance of the Internationalization of SMEs 

The OECD Working Party on SMEs and Entrepreneurship (WPSMEE) and the APEC SME 
Working Group (WPSMEE) conducted a comprehensive study titled “Removing the Barriers 
to SME Access to International Markets” (OECD, 2008, pp. 3). The main findings of this 
study were presented at the global conference in Athens (Greece), on 6-8 November 2006 
(OECD, 2008, pp. 3). As a result, the barriers to internationalization were classified into four 
categories - (1) “finance barriers”, (2) “business environment barriers”, (3) “firm capabilities 
barriers”, and (4) “market access barriers” (OECD, 2008, pp. 35). The study of Hessels & 
Parker (2013), classifies these barriers as internal (e.g. lack of resources and capabilities) and 
external (“market conditions or institutional arrangements”). Cernat, Norman-López, & T-
Figueras (2014) explore another dimension of barriers associated with trade and investment. 
The study of EC (2004, pp. 34) stressed out that internal knowledge can be a barrier to the 
internationalization of SMEs. Assuming that SMEs aim at offering goods and services at the 
global market, some additional knowledge is often needed (EC, 2004, pp. 34). Engaging in 
global activities requires acquiring knowledge about global developments, foreign market 
requirements, international norms and regulations, cultural differences, etc. (EC, 2003, pp. 
34). The same study stressed out that the international experience of owners and/or managers 
of SMEs can be another important barrier for the internationalization of SMEs (EC, 2003, pp. 
34).  

The study of OECD (2009) titled “Top barriers and drivers to the SME internationalization“ 
stressed out the main drivers of the internationalization of SMEs that can be classified as - (1) 
“growth factors”, (2) “knowledge-related factors”, (3) “network/social ties and supply chain 
links”, and (4) “domestic/regional market factors”. According to several authors, these factors 
can be seen as internal and external (for example, see Leonidou et al., 2007), “push and pull”, 
“reactive and proactive”, “innovation-oriented and problem-oriented” (Albaum et al., 2011). 
As stated in Albaum et al. (2011, pp. 84) - “risk, uncertainty, and imperfect knowledge” are 
some of the most important drivers of the internationalization of SMEs - especially due to the 
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fact that SMEs “often lack the necessary knowledge, experience, and marketing information”. 
Accordingly, the EU has established several different support programs aimed at encouraging 
the internationalization of European SMEs (some of the programs are given in Table 1). 

Table 1. EU programs aimed at encouraging and fostering the internationalization of SMEs 

 
Despite different terms being used, lack of knowledge, skills, competence, and expertise are 
constantly found to be the main barrier to the internationalization of SMEs. Hence, the next 
section of this study aims at exploring the main differences in how these terms are being used, 
especially, in the context of SMEs, and the exploitation of the international foreign markets.  

2.2 Knowledge, Skills, Competence, and Expertise (in Standardization) 

According to the European Qualifications Framework (European Parliament, 2008), 
knowledge is defined as ''the outcome of the assimilation of information through learning''. 
Skills refer to ''the ability to apply knowledge and use know-how to complete specific tasks 
and problems“ (European Parliament, 2008). Competence means “the proven ability to use 
knowledge, skills and personal, social and/or methodological abilities, in work or study 
situations, and professional and personal development” (European Parliament, 2008). In 
today’s competitive global economy - “just being competent is not enough” (Herling, 2000). 
The same author suggests that the term “competence” refers to the person’s ability to “do 
something satisfactory” (Herling, 2000). To be competent means to continually “demonstrate 
a consistent [the minimum acceptable] level of performance“ (Herling & Provo, 2000).  

The same authors suggest that outstanding performance is one of the main characteristics of 
expertise (Herling & Provo, 2000). Herling (quoted in Swanson & Holton, 2008, pp. 232) 
stressed out three common elements of expertise given by the current state of research - (1) 
“expertise is a dynamic category”, (2) “expertise is domain-specific”, and (3) “expertise 
includes knowledge, experience, and problem-solving”. Since expertise is domain-specific, it 
is not an easy task to acquire expertise (Herling & Provo, 2000). It takes years to develop 
domain-specific knowledge, skills, competence as a foundation for expertise (Herling, 2000).  
Although there is no universally acceptable definition of expertise in the relevant literature, 
for the purpose of this study, the Herling's (quoted in Swanson & Holton, 2008, pp. 241) 
definition was adapted and updated, as it defines expertise as “displayed behavior within a 
specialized domain and/or related domain in the form of consistently demonstrated actions of 
an individual that are both optimally efficient in their execution and effective in their results”. 
In the context of this study, expertise in standardization is defined as “displayed behavior 
within the area of standardization in the form of consistently demonstrated actions of experts 

No. Title Year 

1 “The National Corporate Cultures and International Competitiveness 
Strategies - The Challenge of Globalization for European SMEs“ 2005 

2 “Small Business Act for Europe” 2008 

3 “Trade, Growth, and World Affairs” 2010 

4 “Small Business - Big World” 2011 

5 “Competitiveness of Enterprises and SMEs (COSME)” 2014 

6 “Investing in a Smart, Innovative and Sustainable Industry“ 2017 
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involved in or responsible for standardization that are optimally efficient in their execution 
and effective in their results” (adapted and updated Herling, in Swanson & Holton, 2008, pp. 
241). The knowledge, skills, and competence in standardization are the core elements of 
expertise in standardization (adapted and updated Herling, in Swanson & Holton, 2008, pp. 
241).  

2.3 Expertise in Standardization for the Internationalization of SMEs  

The current state of research related to the significance of expertise in standardization for the 
internationalization of SMEs is scarce and not enough. There is enough evidence to suggest 
that SMEs could benefit from expertise in standardization and find a way in which expertise 
in standardization can be used for the internationalization of SMEs. For example, ISO 
conducted a survey in 2014 regarding the economic benefits of standards. The case studies 
included SMEs and large enterprises and, despite the large discrepancies, one of the key 
findings suggested that standards enable “creating and entering new markets“ (ISO, 2014a). 
Another ISO survey from 2014 explored the perceptions of 10 owners and managers of SMEs 
“about how they use standards to improve their businesses“. SMEs confirmed that standards 
enable access to export markets and foreign customers, enable SMEs to compete with large 
enterprises, drive growth, cut costs, increase profit, and enhance the competitiveness of SMEs 
(ISO, 2014b). 
As SMEs are still “underrepresented” in both developing and using standards (de Vries, 
Blind, Mangelsdorf, Verheul, & Zwan, 2009, pp. 11), CEN and CENELEC conducted a 
survey in 2009 aimed at understanding the main reasons for that. The survey aimed at 
providing guidance and recommendations for enabling access for SMEs to both standards and 
standardization (de Vries et al., 2009, pp. 8). As a result of this survey, “the toolbox of 58 
solutions” was offered to enable access of SMEs to standards and encourage the involvement 
of SMEs in the standards development (de Vries et al., 2009, pp. 8). One of the key findings 
confirmed that due to the lack of resources and capabilities, SMEs often just “do not pay 
attention to standards and standardization” (de Vries et al., 2009, pp. 16). The survey of Blind 
& Dreschler (2017, pp. 52) stressed out that motivation for standardization is relatively low in 
organizations, due to the “low attractiveness of the topic”. The survey of De Vries et al. 
(2009, pp. 12) stressed out that participation in the standardization process can be especially 
difficult for SMEs, “given the lack of necessary expertise in the standardization matters”. 

The survey conducted by the World Bank (the Trade, Development Research Group, 2002) 
aimed at quantifying the impact of standards as „a technical implicit non-tariff barrier to 
trade“ (Maskus, Wilson, & Otsuki, 2000, pp. 2). As stated in this survey, the impact of 
standards and technical regulations on export and trade has long been recognized in the global 
developments  (Maskus et al., 2000, pp. 3). According to the results obtained from the World 
Bank Database, the survey conducted by Chen, Otsuki, & Wilson (2006) included 619 
organizations from 17 developing countries. The same authors suggest that standards and 
technical regulations do affect an organization’s capacity to export for a number of reasons 
(Chen et al., 2006, pp. 2). For example, governmental organizations can influence the 
development of the standard in accordance with domestic organizations’ needs and 
expectations (Chen et al., 2006, pp. 4). There are usually large discrepancies related to 
standards and technical regulations across export markets and domestic organizations often 
face additional costs in conforming with such requirements (Chen et al., 2006, pp. 4). 
Domestic organizations often face additional resources, capabilities, and time constraints 
when dealing with export markets (Chen et al., 2006, pp. 4). The same authors suggest that 
standards can impact an organization's decision to access foreign markets and can make 
access to the global market more difficult (Chen et al., 2006, pp. 13). The same authors 
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propose a number of recommendations for organizations that tend to export and “building the 
exporters’ capacity in meeting standards“ is only one of them (Chen et al., 2006, pp. 24). This 
seems to indicate that SMEs could benefit from expertise in standardization and - find a way 
in which expertise in standardization can be utilized for the internationalization of SMEs. 

3 Methodology 

3.1 Study Design 

Our previous work published in Mijatovic & Tosic (2019), Mijatovi�, Toši�, & Jovanovi� 
(2018, 2019) was used as the foundation for the creation of the conceptual framework for this 
study. Our previous work aimed at exploring the perception of owners and/or managers of 
SMEs operating in Serbia, as in if they perceive “the acquiring knowledge about standards as 
needed and how that need influences their experience, as well as practices and intentions“ 
(Mijatovic & Tosic, 2019). Our results suggested that owners and managers of observed 
SMEs (199 SMEs in Serbia) use standards and perceive the usage of standards as beneficial 
for SMEs (Mijatovic & Tosic, 2019). Our results showed that “all owners and managers who 
reported that their SMEs use standards, have the certificates, too“. This seems to indicate that 
the motive for the use of standards is the international certification (Mijatovic & Tosic, 2019). 
Aiming to expand our understanding of how SMEs acquire knowledge, skills, competence, 
and expertise in standardization and - our understanding of how expertise in standardization 
can impact the internationalization of SMEs - this study aims at exploring the perception of 
experts involved in or responsible for standardization related to the impact of expertise in 
standardization on the internationalization of SMEs. Our findings were derived from five RQs  
RQ1: How can (if it can at all) the use of standards impact the internationalization of SMEs?  

RQ2: How can (if it can at all) the participation in the standardization process at the national, 
regional, and international levels impact the internationalization of SMEs? 

RQ3: How can experts involved in or responsible for standardization describe the relationship 
(if any) between the expertise in standardization and the internationalization of SMEs? 

RQ4: How can experts involved in or responsible for standardization describe the relationship 
(if any) between the education about standardization and the expertise in standardization? 

RQ5: What are the main sources available or ready to be used by SMEs for acquiring 
knowledge, skills, competence, and expertise in standardization? 

3.2 Data Collection  

The semi-structured interview via e-mail was used to collect data, as it is known to be much 
more comprehensive than the questionnaire (Kallio, et al., 2016). Hence, a five-step process 
was used to develop a semi-structured interview guide, recommended by (Kallio et al., 2016).  
The data collection was administered in January 2020, and the response rate was 46,6%. 
The first phase was to evaluate the appropriateness of the semi-structured interview as the 
data collection method (Kallio et al., 2016). As the semi-structured interview is one of the 
methods “suitable for exploring people's perceptions and opinions” (Kallio et al., 2016), it 
was used to explore perceptions of experts involved in or responsible for standardization in 
companies, associations, organizations for standardization, academia, and governmental 
agencies related to the impact of expertise in standardization on the internationalization of 
SMEs. The semi-structured interview via e-mail was used since “very few of the potential 
participants were within practical geographical distance“ (Meho & Tibbo, 2003). As stated in 
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Meho (2009), e-mail enables researchers  “to interview more than one participant at the time”. 
This “asynchronous e-mail exchange“ enables a series of follow-up questions, that encourages 
participants to reconsider responses over an extended period of time (James & Busher, 2006).  

The second phase was to acquire an extensive and complete understanding of the topic 
(Kallio et al., 2016). The same authors suggest that consulting experts is just one way to 
acquire the knowledge needed for a complete understanding of the topic (Kallio et al., 2016).  
The third phase was to create “a preliminary semi-structured interview guide” (Kallio et al., 
2016). According to Creswell (2007, pp. 133), the semi-structured interview guide should be 
“about four or five pages in length, with about five open-ended questions and ample space 
between the questions to write responses to the interviewee's comments”. Krauss et al. (2009) 
suggest that the semi-structured interview “does not need more than five or six general 
questions”. Chenail (2011) suggests that such “open-ended questions which tend to start with 
words like who, what, where, when, why, and how” usually drive more descriptive answers.  

The fourth phase was to “pilot test the preliminary semi-structured interview guide” (Kallio 
et al., 2016). The pilot tests have several proven advantages (Teijlingen & Hundley, 2002), 
one of which is to help the researcher to address all the potential challenges that can occur 
during the interview (Chenail, 2011). The same author noted that “data collected and analyzed 
during pilot studies are [typically] not included in the data generated in the main part of the 
study”. 

The final fifth phase was the evaluation phase in which the preliminary guide was improved, 
following the results of the pilot testing. Given that online survey research often has a similar 
sample recruitment method as an e-mail interview, it was expected that “e-mail interview 
researchers [will] face similar problems in recruiting participants“ (Meho, 2006). The same 
author suggests that one of the most common problems that can be found within an e-mail 
interview is “a high-rate of nondelivery“ (see Meho & Tibbo, 2003). In our case, out of 60 e-
mails sent in total, only 2 were nondelivered. Another problem we experienced was a large 
number of non-answered e-mails. The reminders were sent to those who did not reply to the 
first invitation, as they “can significantly improve participation rates” (Meho, 2006). Out of 
60 e-mails sent in total (2 were nondelivered) we have obtained only 15 responses after the 
first e-mail. After the second e-mail, we have obtained 34 responses, and a total of 24 e-mails 
were non-responders. As stated in Meho (2006), as “a representative sample is not a goal in 
qualitative research”, the number of non-responders was not an issue. Out of a total of 34 
responses, 2 experts did not want to participate in this interview, as they believe that they did 
not have adequate knowledge or expertise in the subject, and 4 experts said they need more 
time for completing the interview. This seems to indicate that a total of 28 participants from 
14 countries took part in the study (United States of America, Canada, Australia, China, 
Japan, Switzerland, Belgium, Netherlands, Spain, Italy, France, Bulgaria, Lithuania, and 
Serbia). Although another problem we could have faced is that “some participants may not be 
as effective writers, as they are speakers” (Meho, 2006), this was not the case. All participants 
were very eager to provide their perceptions, so the data analysis could have been conducted. 

3.3 Data Analysis 

We analyzed the data using the Critical Incident Technique (CIT) as it is one of the most 
useful methods for “comprehensive understanding when describing or explaining the 
phenomenon” (Gremler, 2004). The CIT method can be used for gathering data from domain 
experts related to their significant opinions, perceptions, and experiences (Gremler, 2004). As 
the CIT method “can be used both qualitatively and quantitatively”, the same author suggests 
that when the CIT is used qualitatively, it reveals data that can be further “coded and 
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categorized” according to the qualitative content analysis (Gremler, 2004). Once all of the 
critical incidents have been identified, we used the qualitative content analysis method, as it is 
one of the most suitable methods for the data analysis when data collection is being conducted 
through open-ended questions (Forman & Damschroder, 2008, pp. 41). We divided the 
content analysis into three phases (“immersion, reduction, and interpretation”), as suggested 
by Forman & Damschroder (2008, pp. 47). As the CIT method is inductive in nature 
(Gremler, 2004), for coding the data, we used codes that emerged from the analysis (from the 
data itself) (see Stemler, 2001). As stated in (Forman & Damschroder, 2008, pp. 48), the 
codebook development was demanding, as the new codes seem to be emerging from the data.  

4 Results 
Finally, a total of 39 Critical Indicators (CI) and five different categories were determined - 
use of standards, participation in the standardization process, expertise in standardization, 
education about standardization, and the main sources available or ready to be used by SMEs. 
Numbers in brackets refer to the number of occurrences that statement was mentioned by 
participants.  

RQ1: How can (if it can at all) the use of standards impact the internationalization of SMEs?  
For RQ1, we derived a total of 14 CI as the use of standards - (1) enables integration into the 
global supply chains, (2) enables international cooperation, (3) enables access to the global 
market, (4) enables export, (5) enables trade, (6) enables compliance with regulations, (7) 
enhances interoperability, (8) enhances global competitiveness, (9) enhances quality, (10) 
fosters innovation, (11) reduces risk, (12) reduces time, (13) reduces cost, and (14) drives 
sustained success - all of which can, finally, impact the internationalization of SMEs.  

Some of our participants mentioned that the use of standards enables the integration into the 
global supply chains (4 participants). Assuming that SMEs aim at offering goods and services 
at the global market, integration into the global supply chains seems to be mandatory. Some 
of our participants mentioned that, due to the compatibility of international standards, SMEs 
that use standards can foster international cooperation, participate in international projects, 
access the global market, and discover a number of new opportunities abroad (4 participants).  

// International standards are being referenced to a greater extent and in more 
countries than ever before. SMEs must meet those standards to have any chance of 
success in the global market. If the competitor makes a product equal to that from 
another SME and they meet the international standard, they will seize the market. 
[P10] // 

Some of our participants suggested that standards can enable the export of goods and services 
(7 participants). Some of our participants mentioned that the use of standards is an important 
element of international trade - that is standard enhance the commercialization of goods and 
services, enhance the transparency of commercial transactions, and remove technical barriers 
to trade (6 participants). One of our participants noted that standards can be a barrier to trade, 
especially in the situation when the conformity assessment and/or certification are too 
expensive. Some of our participants suggested that standards can enable SMEs to be informed 
about the applicable quality and/or safety requirements and that the use of standards enables 
compliance with regulations (4 participants). Our participants suggested that standards enable 
compatibility and interoperability (5 participants), and enhance the global competitiveness of 
SMEs (7 participants). Our participants noted that standards enhance quality (5 participants), 
and foster innovation (2 participants). One of our participants mentioned that standards can 
reduce the time for innovation (e.g. terminology standards). The same participant noted that 
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standards could hinder innovation (e.g. what if the standard is not the best way of doing 
things?). Some of our participants noted that standards reduce risks (1 participant), costs (2 
participants), and time (e.g. speed time to market) (1 participant). One of our participants 
suggested that standards play a vital role in the development of sustainable development 
strategies.  

Figure 2. illustrates the detailed representation of all the CI derived for the RQ1.  

RQ2: How can (if it can at all) the participation in the standardization process at the 
national, regional, and international level impact the internationalization of SMEs? 
For RQ2, we derived a total of 7 CI, as the participation in the standardization process - 
(1) enables SMEs to gain insight, (2) enables SMEs to make an impact, (3) enhances 
knowledge acquiring, (4) enhances international cooperation, (5) enhances global 
competitiveness, (6) enhances quality, and (7) has no effect on the internationalization of 
SMEs.  

Our participants mentioned that participation in the standardization process enables SMEs to 
gain insight into the latest global developments, technological advances, and relevant fields 
and topics (11 participants). Some of our participants mentioned that participation in the 
standardization process enables SMEs to influence the standards development process - thus 
enabling SMEs to influence standards to meet their requirements and ensure that standards 
take into account their needs and expectations (8 participants). Some of our participants 
suggested that participation in the standardization process enables SMEs to acquire 
knowledge from experts from all around the world, to understand standards better, and to be 
aware of the importance of the use of standards (6 participants). Some of our participants 
mentioned that participation in the standardization process enables SMEs to enhance their 
international cooperation, as it enables SMEs to understand the commonality and 
individuality of customers' requirements, needs, and expectations in different regions, 
environments, ethnic groups, cultures, and religions (6 participants). Some of our participants 
mentioned that participation in the standardization process enables SMEs to broaden their 
international vision, to be visible in the international arena, to get a sense of the competition at 
the global market, and enhance the global competitiveness of SMEs (8 participants). Some of 
our participants noted that SMEs do not have knowledge, skills, competence, and expertise to 
participate in the development of an international standard, and are often excluded from the 
standardization process (3 participants). Our participants suggested that participation in 
standardization activities is often considered as a management burden for SMEs, due to lack 
of expertise in standardization (3 participants). One of our participants suggested that not all 
SMEs are aware that the standardization process is open for all that want to get involved.  
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the use of standards
the 

internationalization 
of SMEs

enables integration into the global supply chains

enables international cooperation

enables access to the global market

enables trade

enables compliance with regulations

enhances interoperability

enhances global competitiveness

enhances quality

foster innovation

reduces risk

drives sustained success

reduces time

reduces cost

plays an important role in the development of sustainable development strategies

lowers transaction costs / achieves economy of scale

speeds time-to-market

reduces risks and uncertainties

reduces the time for innovation (e.g. terminology standards) / strengthen innovation

enables SMEs to go global / enables the recognition of products and services in a 
foreign market / could help with competitiveness / improves credit and brand value / 

monopolize certain niche areas / SMEs must use standards to have any chance of 
success at the global market / they get to know the market and their competitors /

greater interoperability and efficiency / improves compatibility and interoperability /             
increases interoperability / ensures technical compatibility at the global level /                       

increases interoperability among organizations from different countries, cultures, etc. 

guarantees the continuity of quality / goods with more quality / satisfies customer’s 
demands / customers can have more trust / ensures the quality of goods or services 

aligns health and safety requirements, and ensures compliance with regulation / 
preparatory battle to clear regulations / facilitates compliance / allows SMEs to be 

informed about applicable quality requirements, safety requirements, etc.

trade is enhanced / significant element of international trade / removing technical 
barriers to trade /could help with commercialization / it can improve the transparency 

of commercial transactions / breaks down international trade barriers

enables SMEs to access the global market / gives more opportunities and a greater 
probability to enter the broader market /  failure to make use of standards can limit the 
ability of SMEs to do business at the global market / enables SMEs to design and build 

product that it will be accepted across many different countries or regions

enables integration into the global supply chains / plays an important role in global 
supply chains / due to the compatibility of standards, SMEs can better integrate into the 

global value chains / enables SMEs to become a part of global supply chains

enables SMEs to participate in international projects / foster cooperation with foreign 
companies / helps SMEs to find international partners, on supply chains or purchasing 

side / discovers new possibilities for SMEs to do business with international companies                      

enables export

enables export / enlarges the potential export market / enables SMEs to meet export 
market requirements / enables SMEs to fulfill the conditions for export / enables export 

because the same standard is used in different countries / develops framework for 
designing/producing/delivering goods and services for foreign markets / SMEs face 

enormous difficulties when a different standard is required in the export market 

 
Figure 1. The detailed representation of all the CI derived for the RQ1 
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// Ideally, SMEs would need and thus want to be involved in the development of an 
international standard. It is unrealistic to expect that SMEs have the time, knowledge, 
and expertise by which they could take that role. It is possible for SMEs to take such a 
role at the national and, perhaps, regional levels with government support. Without 
that support, SMEs are excluded from the process at all three levels. [P10] // 

Figure 2. illustrates the detailed representation of all the CI derived for the RQ2.  

the participation in 
the standardization 

process

the 
internationalization 

of SMEs

enables SMEs to gain insight

enables SMEs to make an impact

enhances knowledge acquiring

enhances global competitiveness

enhances quality

has no effect

there are almost no visible effects / it cannot be achieved in the near future / it is a 
management burden for SMEs to participate in international standardization activities - 

if it is a national standard, it will be possible with government support 

enables SMEs to offer products and/or services at the highest quality 

enhances competitiveness of SMEs / enables SMEs to be visible in the international 
arena / enables SMEs to get a sense of the competition at the global market / enables 
SMEs to prepare for the competition at the global market / creates opportunities for 

SMEs at the global market / enables SMEs to achieve the competitive advantage, to be 
one step ahead of their competitors / enables SMEs to broaden the international vision /  

enables SMEs to design and build products that will be accepted internationally 

helps SMEs to understand standards better / helps SMEs to understand the importance 
of standards / raise awareness of the importance of standards / helps SMEs to acquire 

knowledge / helps SMEs to acquire knowledge from experts from all around the 
world / helps SMEs to acquire knowledge related to the implementation of standards 

enables SMEs to learn previously what the new standards cover / enable SMEs to 
foresee tendencies / enables SMEs to be at the source of information on what 

technology, tools or innovations will come soon after publishing standard / enables 
SMEs to increase insight into the relevant field/topic / enables SMEs to gain insights 

into the latest developments / enables SMEs to gain insights about the characteristics of 
production technology in their industry and the latest technological advances / 

enables SMEs to follow everything / enables SMEs to gain insight into the global 
developments / enables SMEs to gain insight into the relevant aspects of foreign 

markets (quality, inspection, certification, etc.) / enables SMEs to gain insight into the 
international best practices / enables SMEs to understand the commonality and 

individuality of customers’ requirements, needs and expectations in different regions

enables SMEs to influence the standards development process at the regional or 
international level /enables SMEs to ensure that standards take into account their 

specific needs and expectations / enables SMEs to impact the standards development / 
enables SMEs to influence the content of standards / gives opportunities for SMEs to 
set standards and influence the published standards / enables SMEs to influence the 
development of international standards so they can include the specificities of the 
single countries and be effectively adaptable to SMEs / enables SMEs to influence 

standards to fit their specifications / enables SMEs to influence issues at technical level 

enhances international cooperation

enhances building networks / enhances networking / enhances networking with global 
players / enhances building networks and partnerships with like-minded people /   

enhances international collaboration with other international participants /                                                         
enables SMEs to find partners, resellers or supply chains they can do business with 

 
Figure 2. The detailed representation of all the CI derived for the RQ2 
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RQ3: How can experts involved in or responsible for standardization describe the 
relationship (if there is any) between the expertise in standardization and the 
internationalization of SMEs? 
For RQ3, we derived a total of 7 CI as the expertise in standardization - (1) contributes to 
the [internationalization of SMEs], (2) enhances knowledge acquiring, (3) enhances global 
competitiveness, (4) does not exist in SMEs, (5) reduces cost, (6) enhances quality, and (7) 
has no effect on the internationalization of SMEs.  

Our participants stressed out that expertise in standardization significantly contributes to the 
internationalization of SMEs, as it has a crucial and strategic role in the internationalization of 
SMEs (5 participants). This relationship was described as - the higher the expertise - the 
higher the degree of internationalization of SMEs. Our participants mentioned that expertise 
in standardization enhances knowledge acquiring in SMEs, as it enables SMEs to find the 
right standard, to buy standards that are relevant for their businesses, and to understand the 
technical content and language in standards (4 participants). SMEs that employ individuals 
with expertise in standardization are more likely to get involved in the standards development.  

// International standards development organizations will only approve recognized 
experts to sit as members of their committees. Being recognized by peers, industry 
organizations or government bodies as an expert provides the only route to technical 
committee membership. However, most SMEs have considerable expertise vested in a 
few owners/employees of that SME. SMEs are most often led by people who had a 
high level of expertise that enabled them to start their business activities and 
successfully carry them forward. The expertise resides in almost every SME. The 
challenge is to find ways by which that expertise can be utilized to develop a standard 
[P10] // 

Our participants suggested that expertise in standardization creates several opportunities for 
SMEs at the global market and enhances the global competitiveness of SMEs (9 participants). 
One of our participants suggested that expertise in standardization does not have boundaries, 
as experts in standardization speak the language that is understandable across the globe. Some 
of our participants suggested that such expertise does not exist in SMEs, and that - since no 
one in SMEs has a sufficient level of knowledge, skills, and competence, as a foundation for 
such expertise - external experts are often needed to support it. (2 participants). Some of our 
participants noted that expertise in standardization reduces the cost of the internationalization 
(2 participants). One of our participants suggested that expertise in standardization enhances 
the quality of goods and services, as it enables SMEs to offer high-quality goods and services. 
Some of our participants argued that currently there is no (or they can not see the) relationship 
between expertise in standardization and the internationalization of SMEs (3 participants). 
Figure 3. illustrates the detailed representation of all the CI derived for the RQ3.  
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the expertise in 
standardization

the 
internationalization 

of SMEs

contributes to

enhances knowledge acquiring

enhances global competitiveness

reduces cost

enhances quality

has no effect

it is not necessarily linked to the internationalization of SMEs /                  
cannot see the relationship / there is no relationship / 

enables SMEs to offer high-quality products and services

reduces the cost of the internationalization / 
even though expertise in standardization might seem like a huge cost, it will pay off

enables SMEs to adapt faster to the world market, both the product and/or service 
itself, the way it will be presented, the terms of placement, etc. / enables functioning in 

the international environment / enables SMEs to offer products at the international 
market / is a requirement for export markets / is a prerequisite for the transfer of goods 

and services through the global supply chain / creates a number of possibilities for 
SMEs to be accepted at the international market / raise awareness about opportunities 

related to the international affairs/businesses / enables SMEs to see benefits of 
standardization as a business tool for the internationalization / expertise in 

standardization does not have frontiers and boundaries across the globe

expertise in standardization significantly contributes to the internationalization of 
SMEs / expertise in standardization has indispensable and strategic impact on 

internationalization of SMEs / the deeper and more effective expertise in 
standardization is mastered, the higher the degree of internationalization / the higher 

the expertise - the higher is the level of internationalization / the expertise in 
standardization has a crucial role in the internationalization of SMEs /

enables SMEs to understand the technical content and language used in standards / 
enables SMEs to find and buy the right standards / enables SMEs to find the standards 

that are relevant to their business / SMEs that employ individuals with expertise in 
standardization are more likely to get involved in standards development

does not exist in SMEs

the experts and delegates participating in technical committees are usually experts in 
their field of knowledge (electric equipment for …, test method on …), but often not in 
standardization, unless they have a leading position like such as convenors, chairs, etc., 

and they often need help from external experts / no one in a small business has a 
sufficient level of standardization knowledge, so a specialist is needed to support it 

 
Figure 3. The detailed representation of all the CI derived for the RQ3 

RQ4: How can experts involved in or responsible for standardization describe the 
relationship (if there is any) between the education about standardization at the university 
level and the internationalization of SMEs? 
For RQ4, we derived a total of 6 CI as the education about standardization - (1) is crucial 
for the development of [expertise in standardization], (2) is scarce and not enough, (3) raises 
awareness, (4) enhances knowledge acquiring, (5) enhances global competitiveness, and (6) 
has no effect on the expertise in standardization.  

Our participants noted that education about standardization (at the university level) is crucial 
for the development of expertise in standardization (8 participants). This might suggest that 
education about standardization is critical for the successful utilization and exploitation of 
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international standards, as better education about standardization leads to assessing the role of 
standards and developing the expertise in standardization. One of our participants suggested 
that as any kind of knowledge acquired, knowledge about standardization can also contribute 
to the development of expertise in standardization. It would be strange to assume that 
knowledge about standardization is a different kind of knowledge, that cannot contribute to 
the development of expertise (in standardization) - when applied in an organizational context.  
Our participants agreed that education about standardization (at the university level) is scarce 
and not enough (9 participants). One of our participants stressed out that education about 
standardization is largely underdeveloped, and shall be promoted to this effect. One of our 
participants suggested that education about standardization should be wider, even on technical 
faculties, and that all university programs should contain at least a minimum information 
about standardization.  

// Education about standardization at the university level is critical for the successful 
use and exploitation of international standards. However, that can be somewhat late 
in a person's education. Several countries started education about standardization in 
elementary schools. The sooner the better. Most countries will not recognize the need 
to begin that education so early and thus education at the university level becomes 
even more important. [P10] // 

Some of our participants suggested that education about standardization raises awareness (6 
participants) and enhances knowledge acquiring (3 participants) among graduates. One of our 
participants suggested that if knowledge about standardization is part of the university 
curricula, it would make it easier for graduates who tend to be employed by SMEs to use 
standards, participate in the standardization process and apply some of the knowledge about 
standardization in the organizational context. One of our participants noted that education 
about standardization at the university level should give experts (to be) ‘’a head start’’, and 
enhance their ability to see standardization as a potential area for career development. Our 
participants suggested that education about standardization can be of tremendous potential for 
SMEs that tend to enhance global competitiveness (5 participants). If graduates, employed by 
SMEs (or large enterprises) have previously acquired knowledge about standardization - they 
can get involved in the standardization community, thus enabling SMEs to gain insight into 
the latest global developments, access the global market, and enhance global competitiveness.  
Some of our participants suggested that education about standardization has no effect on the 
development of expertise in standardization (3 participants). This can be explained by the fact 
that education about standardization at the university level is not enough as a foundation for 
the development of expertise in standardization. Some of our participants suggested that the 
main support shall be found in university education, but only as support to lifelong learning. 
This seems to indicate that educational organizations can and shall provide support directly to 
SMEs (through the development of support programs aimed at the capacity building of SMEs, 
that can help SMEs to acquire knowledge, skills, and competence in standardization) - all of 
which can ultimately lead to the potential development of the expertise in standardization. 
Figure 4. illustrates the detailed representation of all the CI derived for the RQ4. 
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the education about 
standardization

the expertise in 
standardization

is crucial for the development of

is scarce and not enough

raises awareness

enhances global competitiveness

has no effest

no relationship / there has been a very little obvious relationship / has not contributed 
to the development of expertise in standardization in SMEs 

enables active participation in international working groups / facilitates assess to the 
global market / provides clear concept about the competition and market trends / 

enables faster integration into the standards communities / 
an asset for SMEs that tend to increase their presence at global markets

enables achieving higher awareness in students' perception of standardization, that can 
ultimately lead to the potential development of expertise / aims at raising awareness at 
the university level / aims at raising awareness amongst SMEs / gives experts (to be) a 
head start with regard to their awareness of the topic, its relevance, basic features, etc. / 
increases the ability of experts (to be) to identify standardization as a relevant area or 
their own (career) development / influences awareness and skills of the management 

and employees that can impact the internationalization of SMEs

critical for the successful use and exploitation of international standards / very 
important for the development of expertise in standardization / influence the 

development of expertise in standardization / knowledge about standardization (as it is 
not a different kind of knowledge) can contribute to the development of such 

expertise / education is like a seed that you need to plant to grow a sound tree / the 
relationship between education about standardization and the development of expertise 

in the standardization of SMEs is growing, but it should be much more dynamic and 
closer / it is directly related to the development of expertise in standardization, 

including SMEs / better education about standardization leads to assessing the role of 
standards and capacity building of experts in standardization

should be much wider, even on technical faculties / all university programs should 
contain at least a minimum of standardization information / largely underdeveloped 
and shall be promoted to this effect / scarce and not enough / a lot of work to do /

education is a good foundation, but it needs to be upgraded quite a bit in order for this 
knowledge to be applicable in a particular working environment / education about 

standardization at the university level can be somewhat late in a person's education / 
the link is very minor as education about standardization has only recently become 

more common and thus allowing for more experts to begin to work in SMEs / lack of 
education about standardization leads to the situation in which students have a difficult 

time to understand standards, they don’t know how to look for standards, etc.

enhances knowledge acquiring

gives tools to all graduates that then find themselves employed by SMEs / 
enables acquiring the knowledge needed to fully benefit from the standardization / 

it makes it easier for graduates hired by SMEs to apply knowledge in the workforce

 
Figure 4. The detailed representation of all the CI derived for the RQ4 

RQ5: What are the main sources available or ready to be used by owners or managers of 
SMEs for acquiring specific knowledge, skills, competence, and expertise in standardization? 
For RQ5 we derived a total of 5 CI as the main sources available or ready to be used by 
SMEs for acquiring knowledge, skills, competence, and expertise in standardization are 
seen as - (1) organizations for standardization (2) governmental organizations, (3) educational 
organizations, (4) consulting organizations, and (5) internet. 

Our participants stressed out that the main sources available or ready to be used by SMEs for 
acquiring knowledge, skills, competence, and expertise in standardization are the ones 
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developed by organizations for standardization (17 participants). Our participants mostly 
differentiate between organizations for standardization, National Standards Bodies (NSBs), 
Standards Developing Organizations (SDOs), and Standards Setting Organizations (SSOs). 
Our participants suggested that professional associations and industrial associations shall be 
responsible for the development of substantial educational programs, training courses, 
seminars, modules, teaching materials, toolkits, and other (free) educational resources that can 
and shall be available or ready to be used by SMEs for acquiring knowledge, skills, 
competence, and expertise in standardization. Our participants suggested that involvement in 
the development of international standards at the national, regional, and international levels 
(that can potentially lead to acquiring knowledge, skills, competence, and expertise in 
standardization) will be possible only with government support (7 participants). Without that 
support, SMEs are simply excluded from the process. Some of our participants recognized 
academia - formal/non-formal education, educational and research organizations, universities, 
as the main source for SMEs for acquiring knowledge, skills, competence, and expertise in 
standardization (8 participants). When it comes to acquiring knowledge about standardization 
- academia is not always the first choice. Our participants stressed out that the main support 
should come from NSBs, but, given the lack of resources, SMEs are forced to seek support 
elsewhere.  

// The main sources of such information should come from the national standards 
body (NSB), but, given the lack of NSBs resources, that information is often not 
available. Therefore, universities should hopefully be able to fill that gap. University 
professors and lecturers who have knowledge and expertise (in standardization) can 
pass that knowledge and expertise to a wide group of young people who can hopefully 
take that knowledge with them as they begin and advance their professional careers. 
[P10] // 

Some of our participants mentioned consulting services as a source for acquiring knowledge, 
skills, competence, and expertise in standardization, but as an alternative to NSBs' support (3 
participants). This seems to indicate that experts involved in or responsible for standardization 
believe that other sources, although limited, are more than enough for SMEs for acquiring 
knowledge, skills, competence, and expertise in standardization, so consulting services are not 
required. Some of our participants mentioned the possibility of using the information and 
communication technologies (ICTs) and the internet (e.g. online learning, e-services, e-
learning courses) for acquiring knowledge, skills, competence and expertise in standardization 
(5 participants), but the full potential of digital technologies has not yet been fully recognized.  

Figure 5. illustrates the detailed representation of all the CI derived for the RQ5. 
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the main sources available or ready to be used by SMEs 
for acquiring knowledge, skills, competence and expertise in standardization

organizations for standardization

governmental organizations

educational organizations

the internet

the internet (free, always available) / e-services / online resources / 
e-learning platforms / e-learning courses 

formal and non-formal education / cooperation with universities / universities / 
university education / universities, colleges / universities - university professors and 
lecturers / educational organizations (higher education) and research institutions / 

universities are beginning to offer continuing education programs which may include 
modules on standards and standardization, but these are still rather small in number 

free educational resources developed by international organizations for standardization 
and NSBs / variety of training courses and modules developed by international 

organizations for standardization and the national committees / organizations for 
standardization / training and educational programs performed by NSBs / information 

and guidance by NSBs / conferences and seminars by NSBs / seminars about 
standardization by NSBs / teaching materials developed by international organizations 

for standardization / national and international organizations for standardization / 
national organizations for standardizations / NSBs for information or training / 

extensive training programs from SDOs / professional standardization associations / 
industry associations / practical engagement in standardization activities / toolkits 

developed by the organizations for standardization / participation in the standardization 
process through standards developing and standards-setting organizations

cooperation with governmental agencies / governmental educational programs / 
governmental agencies / conferences and seminars by governmental agencies / 

conferences and seminars by chambers of commerce and industry /
training and educational programs performed by chambers of commerce and industry /    

training by chambers of commerce, ministries, governmental agencies, etc.

consulting organizations

training and educational programs performed by consulting companies / sectoral 
expertise centers / engaging consultants could be next (more expensive) step

 
Figure 5. The detailed representation of all the CI derived for the RQ5 
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5 Discussion and Conclusion 
Our results suggested that experts involved in or responsible for standardization think that the 
use of standards impacts the internationalization of SMEs, as the use of standards enables 
integration into the global supply chains, enables international cooperation, enables access to 
the global market, enables export and trade, enables compliance with regulation, enables 
compatibility and interoperability, enhances quality, and enhances the global competitiveness 
of SMEs. Our results suggested that experts involved in or responsible for standardization 
believe that participation in the standardization process impacts the internationalization of 
SMEs, as it enables SMEs to gain insight, make an impact, enhances knowledge acquiring, 
international cooperation, and the global competitiveness of SMEs. Our results suggested that 
experts think that participation in the standardization process is considered as a management 
burden for SMEs, due to lack of knowledge, skills, competence, and expertise in this field. 
Our results are consistent with the results of de Vries, Blind, Mangelsdorf, Verheul, & Zwan 
(2009, pp. 12), in the context that the participation in the standardization process is especially 
difficult for SMEs since SMEs “often lack the necessary expertise in standardization matters” 
(de Vries et al., 2009). Our results suggested that experts involved in or responsible for 
standardization believe that the expertise in standardization significantly contributes to the 
internationalization of SMEs, as it enhances knowledge acquiring, global competitiveness, 
quality, and reduces the cost of internationalization. This relationship was described as - the 
higher the expertise in standardization - the higher the degree of internationalization of SMEs.  

Some of the experts involved in or responsible for standardization think that expertise in 
standardization enables SMEs to find the right standard, to find and buy standards that are 
relevant for their businesses, and to understand the technical content and language used in 
international standards. These results are consistent with the results of (de Vries et al., 2009, 
pp. 13). As stated in (de Vries et al., 2009, pp. 13), the main problems for SMEs are to find 
relevant information among the existing standards and to decide if that information is relevant 
for them; in a number of standards, it is often difficult to find the right one; SMEs often do 
not know if an existing standard is actually the latest version of standard; SMEs often do not 
know where to look for standards or relevant standards documentation; SMEs usually face 
enormous difficulties in understanding the technical content of standards. Hence, SMEs that 
employ individuals with knowledge, skills, competence, and expertise in standardization (if 
they tend to achieve an outstanding performance) are likely to solve some of these problems.  

Our results suggested that experts’ perceptions related to the existence of expertise in SMEs 
are different. While some of the experts argued that expertise does not exist in SMEs, others 
think that expertise resides in all SMEs. Our results showed that, since no one in SMEs have a 
sufficient level of knowledge, skills, and competence, as a foundation for such expertise, 
external experts are often needed to support it. Those results are consistent with the results of 
Moilanen, Østbye, & Woll (2014), in the context that the external knowledge has been 
stressed out as a significant factor for SMEs. Those results are consistent with the results of 
Lasagni (2012), as SMEs usually tend to explore the external (foreign) sources of knowledge. 

Our results suggested that experts involved in or responsible for standardization believe that 
education about standardization is crucial for the development of expertise in standardization. 
Some of the experts involved in or responsible for standardization think that education about 
standardization at the university level is scarce and not enough and that all of the university 
programs should contain at least a minimum of information about standardization. This seems 
to indicate that if knowledge about standardization is a part of the university curricula, it 
would make it easier for graduates who tend to be employed by SMEs (or large organizations) 
to use standards, participate in the standardization process and apply some of the knowledge 
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about standardization in the organizational context. When it comes to acquiring knowledge 
about standardization - academia is not always the first choice. Our participants stressed out 
that the main sources should come from NSBs, but, given the lack of resources, SMEs are 
forced to seek support elsewhere. Our results showed that experts involved in or responsible 
for standardization do not see consulting services as the main source for acquiring knowledge, 
skills, competence, and expertise in standardization. If they see it, they see it only as an 
alternative to NSB’s support. Our results showed that experts involved in or responsible for 
standardization usually do not recognize the enormous potential of using digital technologies 
for acquiring knowledge, skills, competence, and expertise in standardization. Our results are 
consistent with the results of Pergelova, Manolova, Simeonova-Ganeva, & Yordanova (2019), 
in the context that the special attention should be paid to digital technologies for “providing 
access to international knowledge and facilitating interactions with customers and partners” 
(Pergelova et al., 2019).   

The main limitations of our study can be related to the most common problems that can be 
found in qualitative research methods (see Section 2.3. Data Collection). Even though the 
qualitative research method provided us an extensive and complete understanding of the 
topic, the next study shall include the quantitative research method, as it can enable some 
additional insight. To gain more perceptions of experts related to the impact of expertise in 
standardization on the internationalization of SMEs, more experts can be included in the study 
from more countries around the globe. This can provide some additional insight and potential 
future directions.     
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Technological developments such as internet of things, and artificial 
intelligence result in new innovative systems. In these systems, ICT is 
integrated in products, services and processes. Interconnectivity gets 
crucial and standards should facilitate this. New standards complement 
existing ones and these may originate both from the ICT field and from 
other fields. These fields have different standardization cultures and often, 
multiple standards are competing. The question is which standard, if any, 
will achieve market success. We relate the success factors to the different 
phases of the technology life cycle. The importance of these factors will be 
assessed by interviewing experts. In the discussion section we will argue 
how the importance of certain factors may change and which new factors 
pop up in an increasingly globalized and digital world. This should provide 
a basis for future research on market success of standards in this new 
context. 

1 Introduction 
Many markets are characterized by increasing returns to adoption resulting in single dominant 
standards. Due to market mechanisms, such as indirect and direct network externalities [1, 2], 
the standard that has an initial lead in installed base can build upon that lead and establish 
dominance [3, 4]. Companies that can set dominant standards can benefit from the sales of 
products in which the standards are applied. That is why, often, fierce ‘standards battles’ are 
fought in these markets [5, 6]. Various technology management scholars have studied such 
battles including, e.g., VHS vs Betamax [7, 8] and Blu-ray vs HD DVD [5, 9]. They attempt 
to explain the outcome of these battles by defining various factors that affect the build-up of 
an installed base [10-13]. However, these scholars predominantly focus on the period from 
initial introduction of the first product that implements the standard until one standard has 
achieved dominance. Yet, the technology dominance process involves other phases before and 
after this phase that have received relatively little attention. For example, before the first 
product in which the standard is implemented is introduced in the market, prototypes of that 
product may have been developed and after standard dominance, within standard competition 
takes place. The research question of this paper is: what is the importance of factors for 
standard dominance during each phase of the technology dominance process? The phases of 
the dominance process as defined by Suarez [12] will be applied. In order to give an answer to 
the research question, we apply the BWM method to structure expert opinions [14, 15]. 
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The paper contributes to the literature on standards and dominant designs by assigning 
weights to factors for standard dominance in each phase of the dominance process as defined 
by Suarez [12]. It shows how companies can influence the outcome of the standards battles to 
their advantage.  

2 Theory 
The processes and mechanisms that lead to single de-facto standards or dominant designs has 
been studied by numerous scholars from a diverse range of backgrounds. Evolutionary 
economists tend to believe that standards get established in the market after a period of radical 
change and experimentation which is referred to as the fluid phase [16: 45, 17]. After the 
dominant standard has been set, the era of incremental change sets in. They argue that 
technological change is cyclical and technological discontinuities will emerge eventually 
resulting in a period of radical change and the establishment of a dominant design [18]. These 
scholars argue that firms cannot influence the outcome of the standards battle per se and the 
technological discontinuity does not necessarily become the dominant standard in the industry 
[19]. 
In the 1980s, industrial economists and network economists have explored the notion of 
network externalities; a mechanism that results in technology increasing in value the more it 
is being adopted by users [1, 2]. For example, the value of a mobile phone to users when it is 
not part of a mobile telecommunications network is equal to its technological stand-alone 
value. When it becomes part of a mobile network, users can call other users and the value of 
the mobile phone will increase with a factor of ½n(n-1), n being the number of other users 
that can be reached thanks to having adopted the same mobile telecommunication standard. 
Network economists have come up with factors for standard dominance such as installed base 
and various factors that can influence installed base such as setting low prices for products in 
which the standards are incorporated (penetration pricing) [20]. 
Technology management scholars have studied various examples of standards battles and 
have studied whether it is possible to explain and even predict their outcome [10, 11, 21, 22]. 
They borrowed the idea from network economists that installed base is crucial for setting 
dominant standards and they have explored ways of increasing that installed base [3]. By for 
instance applying fierce marketing campaigns, expected and anticipated installed base can be 
positively influenced [23]. And as expectations count for a lot in standards battles [4], these 
subjective components of installed base affect actual installed base positively [23]. Other 
scholars point to the importance of following an open standards strategy[24, 25]. This 
basically entails that patents are applied as few as possible in standards so the cost of applying 
the standards in products decreases. This enhances the chances of standard dominance, as in 
the case of SUN’s Java standard programming language [25]. Suarez distinguishes between 
five phases of the technology dominance process [12]. The first phase, R&D buildup, starts 
with a firm that conducts research and development. According to Suarez this can be seen as 
the start of the ‘technological field’. A new phase, technological feasibility, starts when the 
first working prototype has been developed. The third phase, creating the market, starts when 
the first working product has been developed. The fourth phase, decisive battle, starts when 
‘an early front runner’ emerges. The final phase, post-dominance, starts when a standard has 
achieved dominance [12].  
Standardization scholars that focus on market-based standardization have mainly focused on 
attempting to explain and predict standard dominance in the fourth phase; the actual standards 
battle[26, 27]. They have developed frameworks consisting of factors for standard success 
[10, 12, 28] and they have applied these factors to various cases [5, 6, 21, 29]. The framework 
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developed by Van de Kaa et al. [13] is considered as the most complete framework. It has 
been applied in various contexts and for various cases both to explain and to predict the 
outcome of standards battles [27, 30, 31]. However, this framework needs to be connected to 
the phases distinguished by Suarez [12], as suggested by Den Uijl [32]. This is what we 
intend to do in this study. We focus on the firm level factors from Van de Kaa’s model as 
these factors can be directly influenced. 

3 Method 
In order to determine the importance of factors for standard success per phase of the 
dominance process two studies were conducted. In the first study, to determine the relevant 
factors for standard dominance during the subsequent phases, both secondary and primary 
sources were analysed.  
For the secondary data analysis we first conducted a backwards search on Suarez [12], to find 
cases that studied factors for standard success in different phases of the technology dominance 
process. Furthermore, we conducted a backwards search on Van de Kaa et al. [13] to search 
for papers that applied the framework that they have developed.  
The primary source included an interview with an expert. This expert is a professor of 
standardization and management who works at a university and who has studied dozens of 
standards battles during each phase of the technology dominance process. He can therefore be 
considered as having comprehensive knowledge about the topic under investigation; standard 
dominance factors per phase of the technology dominance process. A factor is considered 
relevant in this research if it is mentioned in the studied literature and/or if the factor is 
mentioned to be relevant by the interviewee.  

The selection of the standard with the highest chance of success can be treated as a multi-
criteria decision-making (MCDM) problem. The decision-maker is challenged to select the 
best alternative from a set of all feasible alternatives ������ � � � ��� . These alternatives are 
compared on several relevant evaluation criterion ��� ��� � � � � ��  by assigning a score, denoted 
by ��� , to the performance of alternative � on criterion �. This can be simply interpreted as a 
matrix: 

����������������������� �� ��� ����

� �
��
��
�
��

��� ��� � ���
��� ��� � ���
� � � �

��� ��� � ���

 3-1 

In order to select the best, in this case the standard with the highest chance of becoming 
dominant, the alternative with the highest overall value needs to be determined. Each criterion 
will be assigned a weight ��� ��� � � � ��� , for which �� � �, and the sum of all the weights 
equals 1. The value of alternative��, denoted as ��, can be found with an additive weighted 
value function: 

�� � �����
�

���
 3-2 

 
The methodology used to analyse the relevant factors and determine their corresponding 
weight is the best-worst method (BWM) developed by Rezaei (2015, 2016). This is a multi-
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criteria decision making (MCDM) method that uses pairwise comparison to effectively 
compare criteria. It has been successfully applied to other cases of MCDM such as airline 
baggage handling systems [33] and offshore outsourcing adoption [34]. Compared to other 
common used methods for establishing weights in a MCDM problem such as Analytic 
Hierarchy Process (AHP), the BWM requires less comparison data whilst still deriving highly 
reliable weights (Rezaei, 2015). Therefore, BWM is chosen as the method for this research. 

In each comparison, the best and worst criteria will be identified and compared to the 
other criteria. The weights of the criteria can subsequently be determined by formulating and 
solving a maximin problem. The reliability of the comparison is indicated by a consistency 
ratio for the BWM. 
Linear BWM can be completed in five steps (Rezaei, 2015, 2016): 

1. Determine the set of decision criteria. ��� ��� � � � � ��  
2. Identify the best (e.g. most desirable or important) and the worst (e.g. least desirable or 

important) criteria. 
3. Determine the preference of the best criterion over all the other criteria using a number 

between one and nine. Resulting in the Best-to-Others vector:  

�� � �������� � � � �����  3-3 

With ��� indicating the preference of the best criterion B over criterion j. 
4. Determine the preference of all criteria over the worst criterion using a number between 

one and nine. Resulting in the Other-to-Worst vector: 

�� � ��� ���� � � � � ���� �  3-4 

 

With ���indicating the preference of the criterion j over the worst criterion �. 

5. Find the optimal weights � ���� ��� � � � �� �� . This can be done by minimizing the 
maximum absolute differences, considering the conditions of non-negativity for the 
weights and the sum of all weights being equal to 1. This results in the following minmax 
model: 

�������� �
��
��

� ��� �
��
��

� ���  3-5 

�� �� 3-6 

�� � �
�

 3-7 

�� � �� ��������� 3-8 

The minimax model is then transferred to:  

���� 
3-9 

�� �� 
3-10 

��
��

� ��� � �� ��������� 3-11 
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��
��

� ��� � �� ��������� 3-12 

�� � �
�

 3-13 

�� � �� ��������� 3-14 

By solving this problem, the optimal weights and � � are obtained, whereas � � indicates the 
reliability of the weights based on the consistency of the comparisons. The closer this value is 
to zero, the higher the consistency and thus the reliability. The best (e.g. most desired) 
criterion can then be selected by comparing the overall values of each alternative as achieved 
with equation 4-2, whereas a higher value is better.  

The expert was asked to rank the factors on importance by means of a questionnaire. The 
factors were clustered into four categories derived from the framework of van de Kaa et al. 
(2011). The respondent was asked to first rank these four categories by means of pair-wise 
comparison, resulting in weights of the categories. Then he was asked to make pair-wise 
comparisons for the factors within the four categories, resulting in the local weights. By 
multiplying the local weights of the factors with the weight of its corresponding category, the 
global weight of the factor was obtained. This process was repeated for each phase of the 
dominance process as defined by Suarez [12]. 

4 Results 
The first study started with a secondary data analysis. Some relevant papers were found. First, 
studies that used the Suarez model for factors for standard dominance in different phases. 
These were found through backwards searching Web of Science on Suarez’ 2004 paper and 
scanning the abstracts. A paper written by Amankwah-Amoah [35] on standards for the 
mobile data storage (floppy disks) discusses the importance of technological superiority 
during the 3rd, 4th  and 5th phases as defined by Suarez but it primarily focuses on the demise 
of the standard. Den Uijl and De Vries [9] have studied the battle between Blu-ray and HD-
DVD and address all subsequent phases of the technology dominance process. This paper 
seemed to be the most relevant one. Dao and Zmud [36] addressed our topic of interest but 
did not conduct a case study. Finally, Bakker, Van Lente, and Meeus [37] have studied 
standards for hydrogen passengers cars. They primarily focus on the first phases of the 
dominance process. We also conducted a backwards search on Van de Kaa et al. [13] and 
found various papers that used their framework to evaluate the importance of factors for 
standard dominance [26, 27, 30, 31, 38-44]. These papers primarily focus on the fourth phase 
of the dominance process. 
From study 1 it appeared that all factors mentioned in van de Kaa et al. [13] were found to be 
relevant in one of the phases of the technology dominance process. The results are presented 
in table 1. It shows that the literature focuses on factors in the phase of the Decisive battle 
whereas the expert considers these factors to be relevant during most other phases as well. 
The factors are elucidated in table 2. 
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Table 1: results of study 1 

Phase R&D Build up Technical feasibility Creating the market Decisive battle Post-dominance 
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Characteristics of the 
format supporter                

1 Financial 
strength  X X  X X  X X [9, 40, 41, 45] X X  X X 

2 Brand 
reputation and 
credibility 

 X X [9] X X  X X [26, 27, 41, 45] X X    

3 Operational 
supremacy  X X [9, 37] X X  X X [9, 39, 40, 45] X X    

4 Learning 
orientation [9] X X [9, 37] X X  X X [27, 40, 41, 45] X X  X X 

Characteristics of the 
format                

5 Technological 
superiority [9] X X [9, 37] X X [9, 35] X X [9, 26, 27, 35, 39-

41, 45] X X [9, 35] X X 

6 Compatibility [9] X X [9] X X  X X [26, 27, 39-41, 45] X X  X X 
7 Complementary 

goods  X X [9] X X [9] X X [9, 26, 27, 41, 45] X X  X X 

8 Flexibility  X X [9, 37] X X  X X [26, 27, 39, 40, 45] X X  X X 
Format support 
strategy                

9 Pricing strategy [9] X X [9] X X [9] X X [9, 26, 27, 39-41, 
45] X X [9] X X 

10 Appropriability 
strategy  X X [9] X X  X X [9, 26] X X  X X 

11 Timing of entry  X X [9, 37] X X [9]  X [26, 27, 39, 45]  X    
12 Marketing 

communications  X X [9, 37] X X [9] X X [9, 26, 41, 45] X X  X X 

13 Pre-emption of 
scarce assets  X X  X X  X X  X X    

14 Distribution 
strategy     X X  X X [27, 40, 45] X X  X X 

15 Commitment  X X [9, 37] X X  X X [9, 26, 27, 41, 45] X X    
Other stakeholders                
16 Current 

installed base       [9] X X [9, 27, 39, 45] X X  X X 

17 Previous 
installed base  X X     X X [26, 40, 45] X X  X X 

18 Big fish  X X  X X  X X [27, 45]  X    
19 Regulator  X X [9, 37] X X  X X [27, 39-41] X X    
20 Judiciary [9]  X [9]  X  X X  X X    
21 Suppliers  X X [9, 37] X X  X X [26, 27, 45] X X  X X 
22 Effectiveness of 

the standard 
development 
process 

 X X [9] X X    [26, 40]  X    

23 Diversity of the 
network [9] X X [9, 37] X X  X X [9, 26, 27, 40, 41, 

45] X X [9] X X 

The factors are shortly explained in table 2 which was adopted from Van de Kaa and de Vries 
[26]. 

Table 2: Description of relevant factors (adopted from Van de Kaa and De Vries [26]) 
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The second study resulted in BWM results for one core expert. The BWM was used to 
determine the weights of each of these factors in the different phases of the technology 
dominance process. To evaluate if the expert’s answers are consistent this method uses the 
consistency ratio. In the table 3 the consistency ratio of each evaluation done by the expert is 
presented. The lower this ratio, the more reliable the answers of the expert. As all consistency 
ratios are below 0,25 the results are very reliable. 

Table 3:  Consistency Ratio Result 

�� R&D 
Build up 

Technical 
feasibility 

Creating 
the market 

Decisive 
battle 

Post-
dominance 

��
������	� #*+2� #)0.� #)/.� #)/.� #*)/�
�������������������������������������� #*,2� #)12� #)-1� #*)0� #)))�
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����������������������!� #).*� #)//� #)0+� #)02� #)/.�
������������������� #)01� #)1+� #)//� #++2� #)0*�

 
Table 4 the weights resulting from the BWM are presented. Local weights for categories and 
factors are shown for each phase of the technology dominance process. In table 5 the global 
weights are shown. 

Table 4: Local Weights of factors for standard dominance per phase of the technology dominance 
process 

Factors 

  

R&D Build 
up 

Technical 
feasibility 

Creating the 
market 

Decisive 
battle 

Post-
dominance 

Characteristics of the 
format supporter .248 .545 .179 .081 .136 

Financial strenght   .164 .144 .238 .071 .167 
Brand reputation and 
credibility   .061 .078 .238 .143  

Operational supremacy   .091 .144 .429 .607  

Learning orientation   .684 .633 .095 .179 .833 
Characteristics of the 
format   .615 .207 .268 .268 .572 

Technological superiority   .054 .200 .179 .196 .089 

Compatibility   .207 .200 .268 .196 .196 

Complementary goods  .155 .400 .472 .518 .196 

Flexibility   .094 .200 .081 .089 .518 

Format support strategy   .054 .155 .472 .179 .226 

Pricing strategy   .372 .084 .206 .148 .472 

Appropriability strategy  .212 .139 .082 .111 .179 

Timing of entry   .106 .353 .030 .032  
Marketing 
communications   .106 .139 .340 .364 .268 

Distribution strategy   .041  .111 .081 
Pre-emption of scarce 
assets  .064  .137 .148  

Commitment   .141 .105 .069 .089  

Other stakeholders   .083 .094 .081 .472 .066 
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Current installed base     .353 .229 .518 

Previous installed base    0,369  .139 .229 .089 

Big Fish   0,149 .153 .139 .065  

Regulator   0,064 .115 .105 .076  

Judiciary  0,032 .033 .041 .076  

Suppliers   0,089 .230 .139 .114 .196 
Effectiveness of the 
standard development 
process  

0,149 .377  .057  

Diversity of the network  0,149 .092 .084 .153 .196 

 

Table 5: Global weights of factors for standard dominance per phase of the technology dominance 
process 

Factors R&D 
Build up 

Technical 
feasibility 

Creating the 
market 

Decisive 
battle 

Post-
dominance 

Financial strenght 0,041 0,078 0,043 0,006 0,023 
Brand reputation and credibility 0,015 0,043 0,043 0,012   
Operational supremacy 0,023 0,078 0,077 0,049   
Learning orientation 0,170 0,345 0,017 0,014 0,113 
Technological superiority 0,033 0,041 0,048 0,053 0,051 
Compatibility 0,127 0,041 0,072 0,053 0,112 
Complementary goods 0,095 0,083 0,126 0,139 0,112 
Flexibility 0,058 0,041 0,022 0,024 0,296 
Pricing strategy 0,020 0,013 0,097 0,026 0,107 
Appropriability strategy 0,011 0,022 0,039 0,020 0,040 
Timing of entry 0,006 0,055 0,014 0,006   
Marketing communications 0,006 0,022 0,160 0,065 0,061 
Distribution strategy           
Pre-emption of scarce assets 0,003   0,065 0,026   
Commitment 0,008 0,016 0,033 0,016   
Current installed base     0,029 0,108 0,034 
Previous installed base  0,031   0,011 0,108 0,006 
Big Fish 0,012 0,014 0,011 0,031   
Regulator 0,005 0,011 0,009 0,036   
Judiciary 0,003 0,003 0,003 0,036   
Suppliers 0,007 0,022 0,011 0,054 0,013 
Effectiveness of the standard 
development process 0,012 0,035   0,027   
Diversity of the network 0,012 0,009 0,007 0,072 0,013 
 
The rationale for the importance of factors for standard dominance is presented in table 6. 
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4.1. R&D Build Up 

Table 7: Global Weights of factors for standard dominance during R&D Build up 

Factors Global 
weight 

Learning orientation 0,170 
Compatibility 0,127 
Complementary goods 0,095 
Flexibility 0,058 
Financial strenght 0,041 
Technological superiority 0,033 
Previous installed base  0,031 
Operational supremacy 0,023 
Pricing strategy 0,020 
Brand reputation and credibility 0,015 
Big Fish 0,012 
Effectiveness of the standard development 
process 0,012 
Diversity of the network 0,012 
Appropriability strategy 0,012 
Commitment 0,008 
Suppliers 0,007 
Timing of entry 0,006 
Marketing communications 0,006 
Regulator 0,005 
Pre-emption of scarce assets 0,004 
Judiciary 0,003 

 
Global weights of factors for standard dominance during the R&D build up phase order by 
importance are presented in table 7. The most important factor appears to be learning 
orientation. Indeed, the eventual dominant design is based upon knowledge that is 
accumulated through R&D during this phase. This occurs from within the 
company/consortium but also from outside. It also refers to learning by doing. The second 
most important factor is compatibility. The choice whether or not to be backwards compatible 
should be made during this phase already. Backwards compatibility puts constraints to the 
development of superior technologies, but allows to benefit from the previous installed base. 
Compatibility to complementary goods is already relevant at this phase as well. Therefore, the 
third most important factor is complementary goods which directly relates to product 
positioning. And maybe these complementary goods have to be developed in parallel. 

4.2. Technical feasibility 

Table 8: Global Weights of factors for standard dominance during technical feasibility 

Factors Technical 
feasibility 

Learning orientation 0,345 
Complementary goods 0,083 
Financial strenght 0,079 
Operational supremacy 0,079 
Timing of entry 0,055 
Brand reputation and credibility 0,043 
Technological superiority 0,041 
Compatibility 0,041 
Flexibility 0,041 
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Effectiveness of the standard development 
process 0,035 
Suppliers 0,022 
Appropriability strategy 0,022 
Marketing communications 0,022 
Commitment 0,016 
Big Fish 0,014 
Pricing strategy 0,013 
Regulator 0,011 
Diversity of the network 0,009 
Judiciary 0,003 

 
Global weights of factors for standard dominance during the technical feasibility phase order 
by importance are presented in table 8.  Again, Learning orientation is the most important 
factor and by far more important than the other factors. The rational is that design 
improvements are based on knowledge – from within the company / consortium and from 
outside). Also learning by doing is important, and learning from feedback on the prototype. 

4.3. Creating the market 

Table 9: Global Weights of factors for standard dominance during Creating the market 

Factors Creating the 
market 

Marketing communications 0,161 
Complementary goods 0,1276 
Pricing strategy 0,097 
Operational supremacy 0,077 
Compatibility 0,072 
Pre-emption of scarce assets 0,065 
Technological superiority 0,048 
Financial strenght 0,043 
Brand reputation and credibility 0,043 
Appropriability strategy 0,039 
Commitment 0,033 
Current installed base 0,029 
Flexibility 0,022 
Learning orientation 0,017 
Timing of entry 0,014 
Previous installed base  0,011 
Big Fish 0,011 
Suppliers 0,011 
Regulator 0,009 
Diversity of the network 0,007 
Judiciary 0,003 

 

Table 9 shows global weights of factors for standard dominance during the Creating the 
market phase.  The most important factor is marketing communications: in this phase it is 
crucial to attract early adopters. Earlier empirical research by the expert suggests this is the 
most important factor in this phase. 
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4.4. Decisive battle 

Table 10: Global Weights of factors for standard dominance during decisive battle 

Factors Decisive 
battle 

Complementary goods 0,139 
Current installed base 0,108 
Previous installed base 0,108 

Diversity of the network 0,072 
Marketing communications 0,065 

Suppliers 0,054 
Technological superiority 0,053 

Compatibility 0,053 
Operational supremacy 0,049 

Regulator 0,036 
Judiciary 0,036 
Big Fish 0,031 

Effectiveness of the standard 
development process 0,027 

Pricing strategy 0,027 
Pre-emption of scarce assets 0,027 

Flexibility 0,024 
Appropriability strategy 0,020 

Commitment 0,016 
Learning orientation 0,015 

Brand reputation and credibility 0,012 
Financial strenght 0,006 
Timing of entry 0,006 

 
Global weights of factors for standard dominance during the decisive battle phase ordered by 
importance are presented in table 10. The top three of most important factors are interrelated, 
these have to do with network externalities that may lead the standard that is ahead of the 
competition to become the winner. The fourth factor is about further extending the installed 
base with new markets – this may further increase the success of the winning standard but it 
may be also an escape for another standard if its functionalities are better fit for one or more 
new markets.  

4.5. Post-dominance 

Table 11: Global Weights of factors for standard dominance during Post-dominance 

Factors Post-
dominance 

Flexibility 0,296 
Learning orientation 0,113 
Compatibility 0,112 
Complementary goods 0,112 
Pricing strategy 0,107 
Marketing communications 0,061 
Technological superiority 0,051 
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Appropriability strategy 0,041 
Current installed base 0,034 
Financial strenght 0,023 
Suppliers 0,013 
Diversity of the network 0,013 
Previous installed base  0,006 

 

In the Post-dominance phase, less factors remain (see table 11). The most important factor is 
flexibility: maybe a modified version may target new markets. The challenge is too benefit as 
long as possible from the technology for which all important investments have been done 
already, aiming at making it a cash cow. 

5 Discussion and conclusion 

5.1 Theoretical contributions and practical implications 

This paper relates factors for standard dominance specified by Van de Kaa et al. to the 
different phases of the technology dominance process as defined by Suarez. It shows that 
most of these factors are relevant during all phases but that their relative importance differs. 
This is the first study to attach weights to these factors. We contribute to the literature on 
standards battles in two ways. First, this is one of the first times that empirical research has 
been conducted on factors for standard dominance in the different stages of the dominance 
process (an exception being [9]). We show that it appears that most factors mentioned in Van 
de Kaa et al. [13] are not only relevant in the actual standards battle but also before and after. 
In standards-based markets, the uncertainty that is attached to choosing for one or the other 
standards can be very high. This study decreases that uncertainty by providing an indication to 
managers which factors are important during which phase of the technology dominance 
process. By applying our results, companies can evaluate their position with respect to each 
factor in each phase of the dominance process and they might adjust their strategy by 
influencing certain factors and might win the standards battle – or conclude that they have no 
serious chance of winning, the latter can be an important insight as well.  

5.2 Limitations and future research recommendations 

The method used makes use of pair-wise comparisons by a core expert. Other experts may 
have different experiences and insights. Therefore, the approach should be replicated with 
other experts – both from industry and academia. The method allows to combine all 
assessments in one set of weights for factors. Involving them will not be easy, however, 
because the number of real experts is limited and making the comparisons took the expert 
several hours so it is uncertain if other experts will be willing to spend the time. They would 
need even more time if they also would comment on qualitative assessment matrix (table 5), 
but this would be great because it would provide the story behind their assessments.  

A next step could be to re-study existing cases – using the findings of our study or, even 
better, also using findings from replication studies, would allow not only to better understand 
those historical cases but also to test our model [46].   
Another question is if these factors and their weights develop during the years. On the one 
hand our approach can be used to investigate old standards battles like the ones between direct 
and alternating current or between different railway gauges. On the other hand, the digital 
revolution leads to complex systems for which standards are indispensable and for which 
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standards battles will continue to occur but as argued by Wiegmann et al. [47], these systems 
will increasingly rely on multi-mode standardization: standards battles in the market are 
combined with standards development in committees and governmental standardization. 
Success factors for the committee and the government mode are an underexplored area of 
research and the combination of modes makes it even more intriguing. As Wiegmann [48] 
shows using the case of a radical innovation in heating systems for which existing, new and 
modified standards are needed, standard development alternates between the different modes 
during the technology life cycle, – partly sequential, partly in parallel, sometimes totally 
intertwined. Based on such cases, our model needs to be further extended.  
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Abstract: Emerging Technologies like Artificial Intelligence (AI) are 
technology disruptors which are responsible for the creation of new products 
and services in the digital economy. International Standards Development 
Organisations (SDOs) and Standard Setting Organisations (SSOs) publish 
standards documents which provide guidance on how best to build 
interoperable platforms and tools utilising AI uses cases to provide context for 
agreeing best practice. In this paper the author investigates AI as an emerging 
technology and discusses how the associated standardization can contribute 
significantly to achieving the United Nations Environmental SDGs. 
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1 Introduction 
The 17 Sustainable Development Goals (SDGs) of The United Nations (UN) were 
published in September 2015. As part of the UN 2030 Development Agenda, these 
Environmental, Societal and Economic SDGs are a strategic initiative for achieving 
sustainability [1]. Standardization bodies, ISO (International Organization for 
Standardization), IEEE (Institute for Electrical and Electronic Engineers), and ITU 
(International Telecommunication Union) all have strategy papers on how to achieve the 
UN SDGs and improve our society and environment in the process. 

Emerging Technologies like AI are not mentioned in the SDGs, but the ICTs, in general, 
can substantially increase progress and bridge the digital divide across communities [2]. 

In this paper, the author will explore ISO, IEEE and ITU ICT standards contributing to 
the Environmental SDGs. In particular for emerging technologies, like Artificial 
Intelligence, where the standardization process is in its early stages, use cases which 
employ Artificial Intelligence will be used to demonstrate impact on sustainability. 

To date, no comprehensive empirical study has been carried out to try to identify and 
measure the impact of emerging technologies standardization and such a study requires a 
critical assessment of the strategies of the international standardization bodies and sound 
scientific research to extract evidence-based insights impacting on the SDGs. Artificial 
Intelligence technologies themselves could provide the basis for an investigation of the 
link between sustainability and standardization. 

Artificial Intelligence and the wider technological ecosystems cross cut so many sectors 
that projects and use cases are identifiable employing the technologies that have a clear 
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and tangible impact on the Sustainable Development Goals. The rapid evolution and 
development of Artificial Intelligence applications requires standardization, regulation 
and certification to ensure progress is made not just economically and socially but 
environmentally as well. 

2 The Environmental SDGs 
The Environmental Sustainable Development Goals are SDG6:Clean Water and 
Sanitation, SDG7:Affordable and Clean Energy, SDG11:Sustainable Cities and 
Communities, SDG13 Climate Action SDG14 Life Below Water and SDG15: Life on 
Land. Environmental sustainability is achieved by standards that support environmental 
management systems, measuring and reducing greenhouse gases and energy 
consumption. 

2.1 SDG 6: Clean Water and Sanitation 

“If we want to solve climate change, water governance is our blueprint” 
Will Sarni, Founder and CEO,  
Water Foundry Callie Stinson,  

World Economic Forum 

Extreme temperatures combined with drought have contributed to unprecedented 
wildfires in many parts of the world. Weather events like severe monsoons in South Asia 
and tropical storms in East Africa are examples of risks linked to water that cause great 
damage to the environment and loss of life. The World Economic Forum’s 2018 Global 
Risks Report [3], states that risks like financial crisis and chronic diseases emerged and 
disappeared but water has stubbornly remained. 

With over 2 billion people on the planet without access to modern sanitation facilities 
(see Figure 1), sustained effort and innovation in this area is required to achieve SDG 6.     

Stakeholders groups are converging to explore how emerging technologies can help with 
water and sanitation challenges [4]. The Urban Water Resilience Initiative investigates 
how Artificial Intelligence, Big Data Analytics, Blockchain and IoT sensors can deliver 
smart water management, while the World Bank’s Water Global Practice [5] wants to 
scale groundwater assessment solutions involving Fourth Industrial Revolution 
technology in emerging economies. 

“As the world’s largest multilateral source of financing for water in developing countries, 
the World Bank is working closely with partners to achieve ‘A Water-Secure World for 
All’ by sustaining water resources, delivering services and building resilience.” [6] 
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Figure 1. Access to Sanitation (Source: World Bank) 

The AI Water project [7], detects dangerous bacteria and harmful particles in the water 
using AI technology. Run continuously in real time this enables cities to install IoT 
devices across different water sources to monitor water quality as well as contamination 
continuously. According to an ITU report [8] , as a consequence of the increasing global 
population, the health and food security and sanitation of the population will be seriously 
impacted . Safe hygiene practice and proper toilets are required to combat the danger of 
deadly and contagious diseases outbreaks. 
 

"Imagine smart toilets in the future that will be analyzing human waste in real ime every 
day. You don't need to be going to visit a physician every six months. 

Sanjay Mehrotra, Micron CEO 

ISO 24521 provides guidance on on-site domestic wastewater systems, making use of 
alternative technologies using local resources. Standards in this field include the 
upcoming ISO 30500 [9], Non-sewered sanitation systems-Prefabricated integration 
treatment units – General safety and performance requirements for design and testing. 

ITU-T Y.4901/L.1601. Recommendation ITU-T L.1601 gives a general guidance to cities 
and provides the definitions of key performance indicators (KPIs) related to the use of 
information and communication technology (ICT) in the context of Smart Sustainable 
Cities (SSCs). Specific physical infrastructure dimension mentioned are 

� D6.1 Infrastructure/connection to services – piped water  
� D6.2 Infrastructure/ connection to services – sewage 

IEEE published its book on the IEEE Global Initiative on Ethics of Autonomous and 
Intelligent Systems [10] in which A/IS technologies relevant to the SDGs, such as 
geographic information systems are among the AI technologies needed in disaster 
prevention, emergency planning, and disease monitoring. 
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2.2 SDG 7: Affordable and Clean Energy 

Health and climate change are being affected by unsustainable energy practices making 
equality in economic development more difficult. Modern sustainable energy policies and 
systems are the core of achieving SDG7. UN University focuses on efficient use of 
natural resources and on boosting sustainable energy sector expertise [11]. 

ICT technologies have contributed towards economic growth, especially in emerging 
economies, but created challenges in disposing of tech products which have reached end 
of their life cycle. E-waste incorporating electronic device components and related 
materials is abandoned or discarded. Accumulation of e-waste in soil and water can cause 
serious medical issues. 70% of the hazardous waste reaching landfills worldwide is 
represented by e-waste [12]. 

ISO standards provide guidelines and requirements for solutions to energy efficiency and 
renewable sources. Governments can use them as a basis to create policies to achieve 
their national and international energy objectives. ISO 50001 focuses on the development 
and implementation of an energy management system, while the ISO 52000 series helps 
the construction industry attain energy efficiency improvements in energy performance of 
buildings. 

Emerging technologies like AI and Big Data analytics support projects in achieving 
SDG7 by smart monitoring and control of water systems, sanitation systems, renewable 
energy producing plants and smart manufacturing using circular economy objectives. 
Digital technologies through smart metering applications in buildings and car sharing 
systems enable greater energy efficiencies to be achieved [13]. Autonomous cars will be 
a major disruptor in energy consumption and digitalisation enables the transformation of 
energy systems by opening up energy sectors through interoperability, smart demand 
response, variable renewable energy sources, smart charging and better coordination of 
distributed electricity resources to better serve the 990 million people without electricity 
access today. Scandinavian countries are leading in the conversion to renewable forms of 
energy (See Figure 2) but with the EU average of renewable sources at 20% of the gross 
final energy consumption, there is still a long way to go. 
 

 
Figure 2. European Renewable Energy by Member State 

(Source: EuroStat) 
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ISO has more than 200 standards related to energy efficiency and renewables, enabling 
the transition to renewable energy sources and opening up markets for innovations that 
address the global energy challenge. (ISO 50001, Energy management systems) 

IEEE has more than 100 standards and standards in development relevant to smart grid, 
including the over 20 IEEE standards named in the NIST Framework and Roadmap for 
Smart Grid Interoperability Standards, Release 1.0. (IEEE 2030-2011 IEEE Guide for 
Smart Grid Interoperability of Energy Technology) 

ITU-T Study Group 5 (SG5) [14] investigates methodologies for evaluating ICT effects 
on climate change and publishes advisory documents on how eco-friendly ICT use. The 
environmental mandate SG5 contains design methodologies to mitigate adverse 
environmental effects of ICTs through measures such as recycling of facilities and 
equipment. 

2.3 SDG 11: Sustainable Cities and Communities  

U4SSC (the United for Smart Sustainable Cities Initiative) consists of 16 UN bodies 
aiming to “Make cities and human settlements inclusive, safe, resilient and sustainable” 
and achieve SDG11. 
100 cities have been participating to evaluate sustainability using the U4SSC KPIs which 
enable planners to assess how ICTs have improved economic, environmental and social 
aspects of their cities. ITU-T SG20 IoT and smart cities leverage IoT technologies to 
address urban development challenges. The KPIs are based on ITU Y.4903/L.1603 “Key 
Performance Indicators for Smart Sustainable Cities to assess the achievement of 
Sustainable Development Goals” [15], international standard. The KPIs for Smart 
Sustainable Cities (SSC) are founded in 91 indicators. Each U4SSC KPI captures a city’s 
performance in three dimensions: Economy, Environment and Society and Culture 
providing an integrated view of a Smart Sustainable City.  

Resource management, preserving the environment and improving the well-being of 
citizens are addressed by ISO technical committee ISO/TC 268, Sustainable cities and 
communities, and their standard ISO 37101 helps communities deliver their strategies to 
achieve their sustainable development objectives. 

ISO standards on intelligent transport systems, water management, business continuity 
and community resilience, are designed to make communities safe adaptable and 
sustainable. Examples are ISO 22313 (business continuity management systems), ISO 
22326 (emergency management), ISO 22395 (guidelines for supporting vulnerable 
people in emergency situations) and ISO 24526 (water efficiency management systems). 
The IEEE Standard P2784 - Guide for the Technology and Process Framework for 
Planning a Smart City [16] , provides a framework for planning the evolution of a smart 
city. Smart Cities require technology standards for IoT to ensure interoperability, 
scalability and sustainability. 

Emerging technology-based systems utilising AI, Big Data and IoT to collect vital data, 
will ensure that planned city development and management will realise more liveable and 
sustainable cities. 

2.4 SDG 12: Responsible Consumption and Production  

E-waste is seen as one of the ICT industry’s biggest global challenges as mentioned on 
SDG11, and this creates a challenge in recycling strategies. Electronics supply chains are 
not known for transparency or sustainability. The T-Mobile, Samsung and Dutch social 
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enterprise Closing the Loop [17], implemented a circular service now commonly known 
as ‘One for One’, where a customer buys a new phone, a small fee is added which is used 
by Closing the Loop to collect the phone when obsolete in a developing country, such as 
Ghana. The scrap phone is bought in a small shop (creating jobs and income while 
reducing pollution) and then sent to Europe for recycling where 10 rare and precious 
metals are extracted. Addressing e-waste supports the achievement of the Sustainable 
Development Goals, playing a big contribution to addressing SDG 3, 8, 9, 11, 12 and 13. 

Juniper research (technology market research specialist) advises that there is US$14 
billion savings to consumers to be made if programmes for the development of smart 
grids are prioritised [18]. Deployment of smart grids will be accelerated not least because 
of the increasing cost of carbon capture and falling cost of energy such as solar and wind. 

Volvo will cease production of cars with internal combustion engines in 2020 , the 
number of either hybrid or all-electric vehicles is increasing and the demand for power to 
recharge them will not be met unless action is taken. By reducing the amount of private 
transport on city streets, traffic congestion and pollution, could be reduced. Individuals in 
some cities resist parting with their cars but in Beijing and Jakarta immediate action is 
required. 

The use of renewable sources of energy, reduction of environmental impact and 
responsible purchasing decisions by standards, contributes to sustainable consumption 
and production. ISO 20400, Sustainable procurement–Guidance [19], helps organizations 
incorporate sustainability into their procurement function. Sustainability is highly 
relevant to construction technologies, processes and materials. ISO 15392, Sustainability 
in building construction [20], contains principles for sustainability in buildings and 
construction throughout the life cycle. 
ISO 20245, Cross- border trade of second-hand goods [21], has minimum screening 
criteria for internationally traded goods and drives this alternative consumption by 
reducing waste and impact on the environmental. 

In the IEEE Sustainable ICT Initiative White Paper [22], Network complexity and 
exponential increase in network data volumes require a combination of Artificial 
Intelligence and Big Data algorithms to provide an efficient and sustainable networks 
framework . The intersection of Smart Networks and IoT advance the capability of the 
Autonomous Vehicles and Smart Infrastructure to the point where human-based driving 
is in question. 

ITU-T Y.4903/L.1603 gives general guidance to cities through KPIs to help cities 
achieve the SDGs by benchmarking and disseminating best practices to enhance cities' 
sustainability. 

2.5 SDG 13: Climate Action 

`“Let us work together to turn the digital revolution into a climate action revolution.”[23]. 

Figure 3 tracks the global temperature change with data spanning 140 years, going back 
as far as pre-industrialization.  

Malcolm Johnson, ITU Deputy Secretary-General The UN agency for ICT is utilizing the 
potential of AI and other emerging technologies to mitigate effects of climate change 
through monitoring and adaptation. Carbon footprints of digital ecosystems are growing, 
so international standards for sustainability through technology are necessary to create a 
circular economy[24]. 
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Figure 3 Global Temperature Increase (1880-2020) 

The UN Focus Group on “Environmental Efficiency for Artificial Intelligence and other 
Emerging Technologies”[25] investigates how to optimize environmental efficiency with 
AI and “United for Smart Sustainable Cities,” [26] coordinated by ITU, UNECE and UN-
Habitat strives to make cities and settlements inclusive, safe, and sustainable. 
Digital technology innovation can help in the battle against factors causing climate 
change and as the ITU Secretary-General, Houlin Zhao said, we are in the grip of two 
deep transformations, emerging technologies (AI, Big Data, IoT, 5G) disrupting 
governments/business and climate change which disrupts ecosystems [27].  
THE ITU-T Focus Group to optimize environmental efficiency with Artificial 
Intelligence [28] is identifying new aspects of environmental efficiency to benefit from 
ITU international standards. The Focus Group investigates environmentally efficient 
emerging technologies and their influence on the ICT ecosystem. 
After the withdrawal of the United States from the Paris Agreement [29] on climate 
change, in which 195 countries agreed to combat greenhouse-gas-emissions, the global 
community needs an independent organization to provide leadership in regulating and 
mitigating the impact of climate change and encouraging greater use of renewable 
energy, coordinating research and other activity. ISO standards help to monitor climate 
change, measure greenhouse gas emissions and promote good practice in managing the 
environment. ISO 14080, intends to give organizations a framework to develop 
consistent, comparable and improved methodologies in the fight against climate change 
[30], and ISO Guide 84, Guidelines for addressing climate change in standards [31], is 
aimed at those involved in standards development. 
Also ISO standards committees for IoT, AI, 5G and Smart Cities have an important 
contribution to measuring, monitoring and generating intelligent efficiencies in human 
production systems. 
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2.6 SDG 14: Life Below Water 
Seawater drives global systems that make the Earth habitable. for humankind. Rainwater, 
drinking water, weather, climate, food, and even the oxygen are all products of the sea. 
International governance mechanisms for responding to food and nutrition issues require 
iterative, bottom-up, problem-solving efforts to achieve the SDGs [44]. 

An innovative ocean-cleaning technology Seabin [32], it collects rubbish floating in bays, 
estuaries and ports while producing valuable data on pollution levels to inform strategies 
for cleaning our seas and oceans. Seabin also creates awareness about water pollution and 
disseminates that message to citizens attempting to energise support to combat ocean 
pollution. 
Peter Kohler of Plastic Tide harnesses emerging technologies in drones [33] to measure 
and monitor in the battle against plastics. Thousands of aerial photos train an AI 
algorithm to distinguish between plastic trash and shells, jellyfish or plastic bags. 400 
Seabins in 23 countries including Spain, Finland and the USA contributes to gathering 
vital intelligence on the ocean’s plastic pollution. 

ICTs are also helping moderate the impact of climate [34] change on human citizens as 
well as on wildlife. Images taken of the earth from satellites record environmental 
changes in temperature, sea level or land use while data about the seafloor is captured by 
sensors on internet cables. Emerging technologies enable us to capture, store and process 
this information, predict trends, and also recommend changes. 
Traceability of fish and management of marine resources are the focus of ISO/TC 234 
[35], ISO’s technical committee for fisheries and aquaculture, creating opportunities for 
development of fisheries and aquaculture mindful of sustainable development. ISO/TC 8, 
Ships and marine technology [36], has 250 sustainability-related standards for building 
and marine environmental matters related to shipbuilding. Their Subcommittee 2, Marine 
environment protection, has standards related to the environmental impact of ships and 
marine technology. 

Ocean observatory from satellite imagery, open data when couple with AI systems allow 
us to process massive amounts of data and is timely in protecting life under water. 

Global Fishing Watch [37] uses satellite imagery to track fishing vessels and analyse 
boats’ movements with AI to determine if they are fishing vessels. 

2.7 SDG 15: Life on Land 

Technology developers in Skopje’s are mapping air pollution [38] using mobile 
technologies, open source data, sensors and IoT so citizens avoid areas with serious air 
pollution. For World Environment Day [39], the UN is highlighting the need to beat air 
pollution. 

 “If you can empower local people to innovate based on local knowledge, that is a really 
powerful way of driving forward the Sustainable Development Goals,” 

Sam Greene,  
International Institute for Environment  

and Development (IIED). 
Internet and social media applications are helping to protect wildlife [40] with apps such 
as WildScan, used to fight illegal wildlife trading in places such as Thailand and 
Vietnam. Project Noah allows citizen scientists to share data on wildlife spotting around 
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the world. Kenya has grown its population of endangered black rhinos by 100% in just 10 
years by using drones. Combining smart surveillance, GPS tracking and AI technology 
with local participation helps save the rhinos from poachers. 

Systems that contribute to sustainable land ecosystems and combat illegal poaching are 
possible through pattern recognition and game theory tracking land-animal migration, 
population levels, and hunting activities. Drones, AI and Satellite monitoring are the new 
best friends of conservation of endangered species. 

Protecting and promoting life on land through better use of resources is the objective of 
hundreds of ISO standards. ISO 14055 Series [41], Environmental management – 
Guidelines for establishing good practices for combating land degradation and 
desertification, part of the ISO 14000 family of standards for environmental management 
and sustainable forestry. ISO 38200, Chain of custody of wood and wood- based 
products, promotes sustainable sources and traceability in the wood supply chain helping 
to combat illegal deforestation. 

3 AI : The Accelerator 

Emerging technologies such as AI and Big Data, IoT, blockchain, 5G [42] have the 
capability of accelerating progress towards the United Nations SDGs but ICT and ICT 
policy must be closely monitored for inclusivity, fairness and diversity to prevent an even 
greater digital divide. The UN High Level Panel[43] on Digital Cooperation report 
recognised the potential and implications of digital technologies toward the achievement 
of all 169 targets of the 17 Sustainable Development Goals. AI is a cross-cutting 
technology and enables the applications of the “smart” economy. These intelligent 
applications that put the smart in  Smart Cities, Smart Health, Smart Manufacturing, 
Smart Agriculture, Smart Buildings, Smart Cards and Smart Phones etc. are all pervasive. 
AI in the loop accelerates progress to the environmental Sustainable Development Goals 
by monitoring for and detecting contaminated water and poor sanitation; by increasing 
efficiencies for agriculture, manufacturing and power generation and storage; by 
improving the efficient production and use of clean, green and renewable sources; by 
reducing consumption of non-renewables, production of greenhouse gases, consumption 
of electricity, by removing pollutants and toxins from our environment and finally be 
reducing wasteful consumption of materials, water and food. International 
standardization of AI applications and technologies provides the globally agreed 
solutions by consensus for international trade  

4 Analysis and Conclusion 

The publication of the UN SDGs in 2015 did not make reference to Artificial Intelligence 
specifically but they recognised how ICTs could impact on large scale challenges and 
opportunities economically, socially and environmentally. As AI systems are applied to 
more sectors and verticals, sustainability, fairness, safety, security, interoperability, 
inclusiveness, transparency, efficiency, and usability appear as priorities. Emerging 
technology standardization and the work of the international SDOs and SSOs is crucial to 
provide the open, diverse and sustainable habitat that our citizens deserve. Innovation and 
technology evolution through standards allows stakeholders to engage at the cutting- 
edge of technology for sustainability. The Environmental SDGs use cases examined in 
this paper illustrate where Artificial Intelligence and the Standardization of Emerging 
Technologies are key to the survival of our habitat and by extension our species. 
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Future work to empirically measure the contribution of AI standardization to each of the 
environmental SDGs will provide a more detailed picture of the impact of the 
standardization on technology adoption and by extension it’s environmental impact. Such 
a research project is beyond the scope of this paper which uses specific use cases as 
exemplars and demonstrators of AI applications, technologies and services being used 
today in the battle to save our planetary habitat.   
Standardization is the international language through which the world can communicate 
innovations for the greater good of our people, our societies and our environment. 
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Ecosystems consist of a number of self-interested parties that jointly create value. 
In order to create this value, ecosystem members need to create alignment. This 
alignment structure does not only determine how the ecosystem creates value, but 
also who can capture this value and who can wield influence over the ecosystem. 
Despite alignment being core for ecosystems, literature provides few insights into 
how it comes about. This paper takes the standardisation literature as a starting 
point to study this process. It provides preliminary insights from a case study of the 
European In-Vitro Diagnostics Ecosystem, which currently faces new regulation 
that challenges the ecosystem’s existing alignment structure. These preliminary 
insights point towards standardisation being a key to achieving alignment, and 
open up perspectives for further research. 

1 Introduction 
Innovation increasingly occurs in ecosystems where various actors jointly contribute to 
delivering value that is larger than the sum of the parts that each player contributes (e.g. 
Adner, 2017; Adner and Kapoor, 2016, 2010; Bogers et al., 2019; Dattée et al., 2018; 
Jacobides et al., 2018). For example, renewable energy generation can only deliver its full 
potential if there are complementary changes by actors in the electricity grid, energy storage 
systems, and other related areas. This implies that members of an ecosystem need to align on 
a number of issues, such as who contributes what, how relationships between members are 
defined, and how captured value is distributed among ecosystem members (e.g. Adner, 2017; 
Adner and Kapoor, 2016, 2010; Jacobides et al., 2018; Teece, 2018). Such alignment between 
actors is the backbone of well-functioning ecosystems, yet its occurrence is not self-evident. 
During the emergence of an ecosystem, its prospective members may first of all need to settle 
on a commonly understood value proposition (Dattée et al., 2018). Additional issues that need 
to be resolved in the process of building an ecosystem include, for example, how the created 
value is distributed among members, how the ecosystem is governed, and how the ecosystem 
fits into the context where it operates (e.g. Adner, 2017; Jacobides et al., 2018; Teece, 2018; 
Walrave et al., 2018). As ecosystem members are primarily driven by their own self-interest 
(Bogers et al., 2019), these alignment processes are also likely to include an element of vying 
for power and influence over the ecosystem. Altogether, alignment in ecosystems is therefore 
a question of both how a balance between individual members’ interests is achieved, and how 
this balance enables or hinders an ecosystem to create value. 
The existing ecosystems literature largely focuses on the second part of this question, but 
neglects the dynamics and processes that precedes a well aligned ecosystem. Standardisation 
literature provides a useful angle for approaching this topic. Similarly to seeking alignment in 
ecosystems, standardisation addresses situations where multiple actors aim to find a common 
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solution to a problem while attempting to shape this solution according to their individual 
interests. The fundamental dynamics that are at play when different actors need to settle on 
joint standards (see e.g. Wiegmann et al., 2017) are therefore likely to also apply when they 
need to set up an ecosystem so that they can jointly create value. A number of findings from 
standardisation research may therefore also pertain to ecosystems. These findings include, 
e.g., who has decisive influence (e.g. Leiponen, 2008; Schilling, 2002), what kinds of actions 
are considered legitimate (e.g. Botzem and Dobusch, 2012; Tamm Hallström and Boström, 
2010), how ‘battle-of-the-sexes’ and ‘war-of-attrition’ type situations are addressed (e.g. 
Belleflamme, 2002; Farrell and Saloner, 1988), how contextual factors (e.g. regulation) are 
related to finding common solutions (e.g. Borraz, 2007; Büthe and Mattli, 2011; Wiegmann, 
2019; Wiegmann et al., 2017), and how to ensure consistent technology development (e.g. 
Featherston et al., 2016; Ho and O’Sullivan, 2017). Standards are not only about solving 
‘coordination problems’ (see de Vries, 1999), but enshrine balances of interests and power 
between the involved parties (see e.g. Botzem and Dobusch, 2012; Wiegmann et al., 2017). 
One may even go as far as conceptualising alignment within an ecosystem as a coherent set of 
implicit and explicit standards that jointly define aspects like the activities that certain parties 
are expected to carry out, and the relationships between these ecosystem members. 
Conceptualising alignment in this manner allows research on the development of ecosystems 
to benefit from the rich insights that the standardisation literature already offers. Yet, it 
remains unclear which findings apply to the ecosystems context and which ones do not. 
My ongoing project investigates the context of regulated ecosystems from a standardisation 
perspective. Many ecosystems that contribute to solving the grand societal challenges operate 
in highly regulated fields (e.g. healthcare, energy, mobility). Such environmental factors are 
likely to impact on an ecosystem (Walrave et al., 2018), but much of the mainstream 
ecosystem literature (e.g. Adner, 2017; Jacobides et al., 2018) ignores the particular impact of 
regulation. Previous standardisation research shows that governments can have substantial 
(often even deciding) influence on coordination (e.g. Borraz, 2007; Büthe and Mattli, 2011, 
2010; Wiegmann et al., 2017). Yet, it remains unclear how ecosystems react to changes in 
regulation (which can constitute an external shock, see Fligstein and McAdam, 2012) that 
may put their existing alignment structures into question. My ongoing research project 
therefore addresses the following interrelated research questions: How do regulated 
ecosystems react to the need for re-alignment caused by changes in regulation? To what 
extent does this present an opportunity or threat for value creation and capture in the 
ecosystem? 

As my research on this topic is still ongoing, this paper does not yet answer these questions. 
In this paper, I present a literature review, and preliminary findings from the case of the in-
vitro diagnostics (IVD) ecosystem. The remainder of this paper is structured as follows: After 
a literature review in Section 2, Section 3 explains the case selection and methods of my IVD 
case study. Section 4 provides an overview over the IVD ecosystem. This paper reports work 
in progress, meaning that the case description focuses on presenting the ecosystem, its many 
aspects that require strong coordination, and the effect of regulation on the existing 
arrangements in the ecosystem. The paper does not yet fully answer the research questions 
outlined above. Section 5 provides a preliminary discussion and some conclusions, including 
an outline of the subsequent steps needed to fully answer the research questions of this 
project. 
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2 Literature Review 
This paper’s literature review consists of two parts. Section 2.1 provides background 
information on ecosystems. It situates the concept in literature, defines key terms, and 
highlights the coordination challenges that actors in ecosystems face. Subsequently, Section 
2.2 discusses the insights into coordination that have been provided by the standardisation 
literature, and relates them to the challenges introduced in Section 2.1. 

2.1 Background on Ecosystems 
Academic literature identifies a range of interorganisational relationships (IORs) that allow 
firms to reach common objectives, including networks, alliances, and buyer-supplier 
relationships (e.g. Gulati and Singh, 1998; Kale and Singh, 2009; Parmigiani and Rivera-
Santos, 2011; Provan et al., 2007). Among these IORs, ecosystems represent a distinct way of 
jointly creating value that relies neither completely on market-based nor completely on 
hierarchical coordination (Jacobides et al., 2018). Ecosystems are complex webs of 
relationships, where cooperative, competitive, and hierarchical links between members exist 
in parallel (Adner, 2017; Jacobides et al., 2018). Actors in ecosystems are motivated by their 
self-interest, yet rely on others for complementary products and services that increase the 
value of their own offerings (Adner, 2017; Bogers et al., 2019; Jacobides et al., 2018). 
Consequently, Bogers et al. (2019, p. 2) define ecosystems, based on an extensive review of 
available definitions, as “interdependent network[s] of self-interested actors jointly creating 
value”. 

Within these networks, individual firms’ strategic options are constrained by their relative 
positions (e.g. in terms of whether they depend on complementors, upstream, and/or 
downstream actors) and the flows that occur between themselves and other players (Adner 
and Kapoor, 2010). Each ecosystem member depends on other parties that create 
complementary goods and/or services which add to the value enjoyed by end-users, or enable 
it altogether (Jacobides et al., 2018; Teece, 2018). In order to create this joint value, “the 
search for alignment” is at “the heart of ecosystem strategy” (Adner, 2017, p. 49). The term 
“alignment” refers to whether ecosystem members have a common understanding of their 
relative positions in the network, and how their activities relate to each other (Adner, 2017; 
Bogers et al., 2019). Whether alignment is achieved or not underlies the ecosystem’s ability to 
create value, and therefore its success or failure (Adner, 2017; Jacobides et al., 2018). This 
alignment is initially created in a dynamic process, where both the ecosystem’s value 
proposition and the contributions by individual parties are subject to revisions until a 
‘working ecosystem’ has emerged (Dattée et al., 2018; Talmar et al., 2018). 

The mainstream ecosystem literature’s discussion of alignment is mainly inwards looking, i.e. 
it emphasises how actors within the ecosystem interact. However, this may be insufficient to 
understand ecosystems’ development, as they also must adapt to the environment in which 
they operate (Walrave et al., 2018). To address this issue, Walrave et al. (2018) suggest 
viewing ecosystems through a sociotechnical systems lens. In this view, the sociotechnical 
regime (which includes, e.g. infrastructure, policy, and cultural norms) is aligned with certain 
technologies (e.g. Geels, 2004, 2002; Geels and Schot, 2007; Smith and Raven, 2012). 
Regimes tend to be stable, but may change as a result of external influences or concerted 
action (ibid.). Regime changes may then create opportunities for new technologies and/or 
threaten existing ones (ibid.). Walrave et al. (2018) extend this view to ecosystems, which 
equally need to be facilitated by the regime to survive outside small niches. This implies that 
actors developing ecosystems need to align with the existing regime around the ecosystem 
and/or attempt to alter the regime so that it facilitates the ecosystem (ibid.). 
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2.2 Coordinating through Standardisation 
As discussed in Section 2.1, the ecosystems literature recognises the importance of 
coordination between actors to achieve alignment (both within an ecosystem, and with 
regimes around an ecosystem). Standards offer coordination (among other things). They are 
developed in standardisation process where multiple actors, who recognise the need for a 
common solution to a problem but have different preferences, settle on one solution (e.g. de 
Vries, 2010, 1999; Wiegmann et al., 2017). Although some authors (e.g. Bogers et al., 2019; 
Jacobides et al., 2018; Teece, 2018) have mentioned the relevance of standardisation for 
ecosystems, I am not aware of any studies that deeply incorporate findings from the 
standardisation literature into understanding ecosystems. This is surprising, as the 
standardisation literature offers insights on a number of topics that are relevant for 
understanding how coordination processes are likely to unfold in the ecosystems context. 
These topics include the basic coordination mechanisms behind standards’ emergence (e.g. 
Belleflamme, 2002; Büthe and Mattli, 2010; de Vries, 2010; Farrell and Saloner, 1988; 
Wiegmann et al., 2017); the interaction between standardisation and innovation (e.g. Blind et 
al., 2017; Blind and Gauch, 2009; Dahl Andersen, 2013; Swann and Lambert, 2017; 
Wiegmann, 2019); the interplay between regulation, regulators, and standardisation (e.g. 
Blind et al., 2017; Ho and O’Sullivan, 2019; Wiegmann, 2019), and how to plan 
standardisation for complex technological systems (e.g. Featherston et al., 2016; Ho and 
O’Sullivan, 2019, 2018, 2017). Altogether, the standardisation literature offers broad insights 
into how actors establish a balance of power and interests, how and when this balance may be 
challenged, and how individual parties may act strategically to increase the value that the 
capture (e.g. Teece, 2018; Wiegmann et al., 2017). 

Although these studies were not specifically conducted in ecosystem contexts, research is 
needed to establish whether their results can be transferred without adaption to this new 
context. Nevertheless, standardisation literature can help focus research on alignment 
processes in ecosystems – even if contextual ecosystem factors mean that these findings do 
not apply unrestrictedly. For example, Wiegmann et al. (2017) identify three coordination 
modes in standardisation (committee, market, government) and provide theories about 
dynamics and strategies in their concurrent occurrence. This lens may sharpen attempts to 
understand how ecosystem members interact in trying to reach alignment. Approaches to 
ecosystems could, e.g., also be based on extant findings about standards and innovation (e.g. 
Dahl Andersen, 2013; Swann and Lambert, 2017) as a starting point for studying how an 
ecosystem’s alignment structure (see Adner, 2017) affects further innovation by ecosystem 
members. The standardisation literature therefore offers a rich library of ideas, concepts, and 
theories which can help focus research on ecosystems’ alignment (both the process of creating 
alignment and the resulting alignment structures), and which may ultimately explain how they 
create and capture value. 

3 Case Selection and Methods 
To gain insights into the alignment and coordination issues that ecosystem actors face when 
creating joint value in the face of regulation, I conduct an in-depth qualitative theory building 
study (see e.g. Eisenhardt, 1989; Yin, 2009). I found a case which is suitable both from a 
theoretical point-of-view, and from the practical data access perspective: The in-vitro 
diagnostics (IVD) field in Europe, which can be considered an ecosystem based on the four 
defining features identified by Bogers et al. (2019, p. 2): In this field self-interested actors 
(e.g. medical laboratories, equipment and test manufacturers, quality assurance organisations) 
are organised in a network (various relationships between ecosystem members are described 
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in Section 4.1). These actors are interdependent on each other (e.g. because the complexity of 
the technology makes it impossible for any one party to deliver value on its own, and because 
errors made by one party have direct consequences for others) in order to jointly deliver value 
(the provision of medical diagnostics). Furthermore, this ecosystem can be characterised by 
(1) the high level of regulatory oversight and government involvement as a part of the 
healthcare sector, and (2) ongoing fundamental changes of the ecosystem’s regulatory 
framework (see Section 4.2) which challenge existing alignment structures. These 
characteristics make this case highly suitable for my purpose of studying how ecosystems 
react to changes in regulation, and how this affects their alignment structure and subsequent 
value creation. 
The information presented in this paper was collected from a variety of sources. Firstly, I had 
a number of unstructured interviews with actors from across the ecosystem (including 
representatives of diagnostics manufacturers, researchers in clinical chemistry and health 
policy, participants in standardisation, representatives of IVD quality assessment 
organisations). Overall, I had eight interviews with nine contacts in the time between March 
and December 2019. These discussions provided me with an initial overview of the ecosystem 
and how the main parties in it perceive its workings as well as upcoming challenges for it. 
Secondly, I attended three meetings of ecosystem actors related to changes resulting from new 
legislation in the field (two stakeholder information sessions at the Dutch Ministry of 
Healthcare and at the Dutch national standardisation body NEN, and a meeting of the Dutch 
national ISO mirror committee for IVD standardisation). These sessions provided me with a 
good overview of the discussions about the upcoming regulatory changes that are taking place 
within the ecosystem. Thirdly, I studied a broad range of documents pertaining to 
coordination questions in the IVD field, including academic articles in clinical chemistry 
journals, official policy documents, and non-academic articles about ongoing developments 
(the most relevant of these sources are referenced in Section 4). Altogether these data 
provided me with a good overview over the IVD ecosystem and the coordination challenges 
that actors in it face. 
Based on the collected information, I wrote the case description presented in Section 4. This 
case description provides an overview over the ecosystem and its coordination challenges and 
summarises the current state of the project. It can therefore serve as a reference on which to 
base further research. To ensure the accuracy of the case description, I validated it by asking 
two knowledgeable contacts with central positions in the field for feedback (in line with the 
procedure suggested by Yin, 2009). Based on this feedback, I added important nuances that 
had been missing from the original case description, meaning that the present version is a 
valid description of the ecosystem and the main challenges faced by it. 

4 The In-Vitro Diagnostics Ecosystem 
In-vitro diagnostics (IVD) are used in medical diagnosis and treatment to analyse samples 
taken from a patient’s body (World Health Organization, 2019). They cover a large number of 
medical tests (ranging across chemical – e.g. tests for calcium, immunochemical – e.g. tumour 
markers, to genetic – e.g. genetic biomarkers of cancer), which need to deliver valid and 
reliable results to diagnose patients and inform their treatment. Invalid and/or unreliable 
results would potentially have severely adverse effects on patient care (e.g. because they may 
lead to diseases not being diagnosed, or to wrong diagnoses causing over-treatment). Beyond 
adverse effects on patients’ health, this would also cause high costs for the healthcare system, 
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and society. Well-functioning in-vitro diagnostics therefore offer very high value to patients 
and society.1 
To deliver this value, a well-functioning complex ecosystem is required. Due to the 
complexity of the technology, no one party is able to conduct all activities needed to provide 
diagnostics to patients. Furthermore, parties in the ecosystem strongly depend on each other, 
e.g. because they rely on the quality of each other’s contributions to the value (e.g. 
laboratories can only deliver valid and reliable test results if they receive high quality material 
from test manufacturers and there is a suitable quality control system in place). The 
ecosystem can therefore only deliver its value if all actors and activities in the ecosystem are 
well aligned. 
In Section 4.1, I provide an overview over the activities that are needed to create value in this 
ecosystem, and the numerous interdependencies that they imply for ecosystem members. 
Section 4.2 briefly discusses the upcoming new European In-Vitro Diagnostics Regulation 
(IVDR), which imposes new requirements on the ecosystem and challenges current 
arrangements about actors’ positions in the system, their relationships, and ultimately the way 
in which the ecosystem currently creates value. Finally, Section 4.3 provides an outlook on 
the further research that I plan to conduct in this project. 

4.1 Activities Needed to Create Value in the IVD Ecosystem 
The IVD ecosystem consists of various actors (e.g. medical laboratories, producers of medical 
tests, patient care providers, notified bodies, scientific researchers, professional bodies) who 
perform many interrelated activities (e.g. manufacturing reagents, carrying out tests, 
processing patient samples, quality control) which all contribute to the ecosystem’s value 
proposition. Below, I outline these activities and the parties involved in performing them. 

4.1.1 Comparability and Traceability of IVD Tests 
A key issue in the IVD field is ensuring comparability of test results over time and space (i.e. 
ensuring that tests taken at different times and/or laboratories produce consistent results) (e.g. 
Cobbaert, 2017; Miller et al., 2011b; Plebani, 2013). To do so, all widely used IVD tests 
should be traced back to SI-units2 in a standard that is then used across tests conducted in 
different laboratories (ibid.). This implies that substantial effort must be invested in creating 
and implementing these standards. 
While such activities are ongoing (mainly at the International Federation of Clinical 
Chemistry and Laboratory Medicine – IFCC, and ISO/TC 212/WG2), practitioners in the IVD 
field still identify a substantial lack of standards in this area. This may be due to a lack of 
awareness in the field (Cobbaert, 2017), but also due to other factors like economic interests 
of some involved parties. Currently, comparability of test results therefore remains limited. 

4.1.2 Provision of Laboratory Equipment and Test Kits 
Medical laboratories (which can be part of a hospital, or stand-alone organisations) use testing 
platforms provided by laboratory equipment manufacturers (e.g. Roche or Siemens). These 
testing platforms allow automating a large range of frequently used tests, thereby providing 
capacity to carry them out at large scale. 

                                                
1 Recently, this value has attracted the public attention due to the large-scale need for tests detecting the new 
Coronavirus and diagnosing the disease COVID19. 
2 Units according to the International System of Units, which provides standardised measurements of 
fundamental physical units. 
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The provision of these platforms locks laboratories into relationships with the platform 
provider: (1) Laboratories often lease the equipment from the manufacturer including service 
contracts to limit their capital investment and optimise the total cost of ownership. (2) Lease 
costs are often subsidised through prices for test kits (consisting of reagents and calibrators3) 
that are provided by the same manufacturers. Generally, test kits are only compatible with 
specific platforms, meaning that a laboratory’s choice of platform creates lock-in with 
vendor(s) of compatible test kits. This lock-in is amplified in connection with the issue of 
comparability between tests (see Section 4.1.1), since switching a laboratory to a new 
platform is likely to disrupt comparability of tests conducted in the laboratory at different 
times. 
In addition to tests provided by external suppliers, laboratories sometimes also produce their 
own test kits (lab-developed tests, LDTs). However, the new European IVD regulation (see 
Section 4.2) raises the question to what extent this will still be possible in the future. 

4.1.3 Quality Control of IVD Testing 
Quality control in the IVD system involves various stakeholders, including test 
manufacturers, reference laboratories, External Quality Assessment (EQA) organisations, and 
the Joint Committee for Traceability in Laboratory Medicine (JCTLM). JCTLM is a 
consortium of public and private-sector organisations that aims to promote global 
standardisation of test results (JCTLM, 2020). 

Test manufacturers (see Section 4.1.2) are obliged to document the metrological traceability 
of their products for to demonstrate regulatory compliance (European Commission, 2018). To 
do so, they need to value assign their products using JCTLM documented reference methods, 
reference materials and/or reference laboratories if available. These reference laboratories 
have been designated on national or international levels to verify manufacturers’ claims 
regarding a specific class of IVD tests. 

Furthermore, EQA organisations may assess the metrological traceability of IVD products 
and the quality of laboratories that carry out the tests. Different EQA schemes by different 
organisations vary according to (1) commutability of sample materials, (2) how they establish 
target values (consensus vs. reference laboratory-based), and (3) the nature of their tolerance 
limits (educational, minimal, optimal, or intended-use based) (Jones et al., 2017; Miller et al., 
2011a). Consequently, establishing such EQA schemes requires agreement between the 
involved parties. 
Once EQA schemes have been established, there are permanent relationships between EQA 
organisations and other actors in the ecosystem. For example, in the Netherlands, the 
Foundation for Quality Assurance of Laboratory Diagnostics (‘Stichting Kwaliteitsbewaking 
Medische Laboratoriumdiagnostiek’ – SKML) provides commutable samples with value 
assignment in reference laboratories to laboratories and assesses whether laboratories reports 
meet analytical performance specifications based on the allowable error (Thelen et al., 2017). 
This system serves both as a feedback and evaluation mechanism for laboratories, and as a 
contribution to safeguarding comparability of test results across Dutch laboratories (SKML, 
2020). 

In addition to the Dutch example, various other EQA schemes exist in Europe. In some 
countries these EQA systems also serve different purposes. For example, in Germany 

                                                
3 Reagents and calibrators are chemicals needed to carry out IVD tests. Production of these kits is highly 
complex in itself, and implies relationships and a need of alignment between manufacturers and further parties, 
such as reference laboratories and regulators (also see Section 4.1.3). 
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successful participation in the national EQA system is obligatory for laboratories’ cost 
reimbursement from health insurances. As a consequence, the performance goals are minimal, 
allowing laboratories to meet these goals rather than orienting the EQA system based on 
suitable or intended use. 
4.1.4 Handling and Processing Patient Samples 

Samples taken from a patient (typically at a hospital or a doctor’s practice) need to be 
transported to a laboratory and processed there before they can be tested. This so-called pre-
analytical phase is responsible for the greatest part of all laboratory variation and error. 
Aspects of this handling process (e.g. time between sampling and testing, temperature, 
vibration during transport) may potentially influence the outcomes of tests. The value created 
by the ecosystem therefore also relies on standardised procedures in handling and processing 
samples. Efforts to standardise these procedures are taken, e.g. at ISO/TC 212/WG1 (Lippi 
and Simundic, 2018; Plebani, 2016). 

4.1.5 Innovation and New Scientific Discoveries 
Scientific discoveries, e.g. about new biomarkers of diseases, create many opportunities for 
innovations in the IVD field. One prominent case is the use of ‘-omics’ technologies in the 
development of personalised medicine (European Commission, 2013). To harness the 
potential of such innovations, they must not only be sufficiently developed from a 
technological point of view (e.g. in terms of providing valid and reliable diagnoses) and 
comply to regulation (see Section 4.1.6). 
They must also fit into the existing ecosystem, e.g. in terms of procedures and processes at the 
care provider and the laboratory (taking patient samples, using diagnostic information for 
patient treatment, processing of sample material, testing on existing laboratory platforms, 
etc.), and in terms of financial compensation provided to actors working with the innovation. 
This is particularly challenging for innovations developed by start-ups who often only have 
the technological expertise, but may be blindsided by the ‘ecosystem-component’ of their 
products. 

4.1.6 Regulatory Compliance and Liability 
As a technology used for healthcare, many aspects of IVD are heavily regulated. Actors in the 
ecosystem need to prove compliance to regulatory requirements, and face high liability risks 
if they do not comply. Some actors in the ecosystem (e.g. notified bodies, regulators) focus on 
supporting this aspect of the ecosystem’s value creation. Other members of the ecosystem 
(e.g. test manufacturers, laboratories) interact in various ways with these actors to ensure 
regulatory compliance. The exact nature of the regulatory oversight under which IVD 
ecosystems operate also differ between countries. For example, French regulators require 
laboratories to follow standards developed by the formal standardisation system (ISO and its 
member bodies) where available. This substantially increases the importance of standards, 
and subsequently also the stakes when participating in standardisation, for actors in the 
French IVD ecosystem. 

4.1.7 Interactions with the Wider Medical Field 
Beyond its internal interactions, the IVD ecosystem also is subject to interactions with the 
wider medical field, including e.g. the use of diagnostic information provided to doctors. A 
potentially interesting area of attention in this context is the development of electronic patient 
records, which collect patient information in central national databases, and require valid and 
reliable data. Another potentially interesting topic in this context is the potential link between 
IVD tests and diagnostic data collected by patients using wearable devices. Furthermore, 
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developments in the wider medical field, such as the recent outbreak of COVID19 and the 
associated need for diagnostic tests, may place new demands on the IVD ecosystems. These 
and similar developments are then also likely to have implications for the internal dynamics 
of the IVD ecosystem. 
The interactions with the wider medical field also imply that IVD ecosystems in different 
countries differ in terms of their specific setup, so that they align with their respective 
country’s healthcare system. The variation in quality control systems and regulatory oversight 
(see Sections 4.1.3 and 4.1.6) are examples of this. 

4.2 The New European IVD Regulation 
As of 26 May 2022, the new European In-Vitro Diagnostics Regulation (IVDR) will come 
into effect (European Commission, 2017). This regulation poses new regulatory requirements 
for in-vitro diagnostics. These requirements include CE-marking by notified bodies for a 
substantially larger share of tests (instead of self-declaration by manufacturers), and a ban on 
using non-CE-marked tests if CE-marked alternatives are commercially available. The 
regulation also introduces new requirements regarding information that has to be provided to 
users, and/or reported to central databases. As a result of these new requirements, several 
activities that are core to the IVD ecosystem (as outlined in Section 4.1) are coming under 
pressure and will most likely need to be adapted. The changing regulation therefore acts as a 
trigger to new alignment processes among ecosystem members. Below, I outline three 
examples of such activities that have already transpired at this stage of the study: 
First, the increasing need for third-party assessment will give notified bodies a more 
prominent role in the ecosystem, for which they need to be prepared in time for the IVDR’s 
introduction. This preparation includes aspects like finding qualified staff, establishing valid 
certification procedures, and obtaining accreditation. 
Second, the required investment for third-party CE marking may cause manufacturers to 
remove some tests from the market due to the involved costs. Simultaneously, the 
requirement to use CE-marked commercially available tests that are suitable for the intended 
use may force laboratories to abandon many LDTs or get them approved by a notified body. 
This leads to the paradoxical situation that laboratories are likely to face a higher threshold for 
using LDTs while the need for them grows. Consequently the share of laboratories and 
manufacturers in value capture and creation is likely to shift. The exact nature of this shift 
will most likely only be known after the IVDR comes into force, since manufacturers are not 
yet publishing information about which tests will remain available. 

Third, the increased information requirements cause new and/or strengthen existing 
dependencies in supply chains (e.g. manufacturers – importers – laboratories – care 
providers). For fulfilling new legal obligations, these parties depend on information being 
shared both upstream and downstream, as they may be liable for not disclosing information 
that they themselves have not received from other parties. This therefore introduces new 
coordination problems that need to be solved for the ecosystem to be able to deliver its value. 

These examples are only the result of a very preliminary analysis. However, they already 
illustrate the scope of the new legislation’s potential effect on the IVD ecosystem. The extent 
of these changes has naturally triggered extensive discussions among IVD actors, seeking 
new alignment that allows them to continue offering value to patients and society. These 
ongoing discussions are taking place in venues, such as SSOs and professional societies, and 
are subject to further research as outlined in Section 4.3. 
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4.3 Outlook on Further Research 
The research conducted so far provides me with a good overview over the current functioning 
of the IVD ecosystem, as well as the challenges it faces due to the upcoming changes to its 
regulatory framework. To answer the project’s research questions, the next steps will 
investigate how the IVD ecosystem’s members react to the changes in regulation, what types 
of interactions between the ecosystem and regulators this causes, and how the ecosystem 
members will establish a new alignment structure that reflects the new conditions in which the 
ecosystem operates. 
First insights suggest that standardisation in standardisation committees (see Wiegmann et al., 
2017) is key to establishing this new alignment. The case description in Section 4.1 already 
shows that a major share of the current alignment structure has been established through work 
in formal standardisation committees and standardisation consortia (e.g. comparability of 
tests, quality assurance, handling of samples). The same committees are now leading the 
discussions in the field on how the ecosystem may need to adapt to reflect the new regulatory 
requirements. However, first insights also suggest that the importance of these committees 
also depend on a number of contextual factors. For example, the Dutch IVD ecosystem has a 
strong tradition of relying on some ecosystem members to take the lead by engaging in 
standardisation and establish common practices in the field. This role of standardisation is 
even stronger in France due to the quasi mandatory status of standards in regulatory 
compliance (see Section 4.1.6), which raises the stakes in standardisation and consequently 
causes the involvement of a broad set of ecosystem members. On the other hand, Belgium 
appears not to have an active standardisation culture in the IVD field, meaning that the 
Belgian IVD ecosystem needs to rely on other ways of finding alignment. 

The next steps of my project will therefore focus on these three examples (Netherlands, 
France, Belgium) to identify the dynamics of re-aligning these national ecosystems to the new 
European regulatory framework, and establish how these dynamics affect value creation in 
the ecosystem. 

5 Preliminary Discussion and Conclusions 
This paper reports on an in-progress study of how ecosystems adapt their alignment structures 
to new regulatory environments, and whether such changes present an opportunity or threat 
for value creation in ecosystems. 
In Section 2, I conceptualised ecosystems, and highlighted how issues raised in the 
ecosystems literature, such as the need to align parties in the network in order to jointly create 
and capture value (see e.g. Adner, 2017; Jacobides et al., 2018; Teece, 2018), relate to topics 
that have already been addressed in the standardisation literature. The standardisation 
literature provides a broad range of insights into how actors may balance their interests when 
they need to find common solutions (see e.g. de Vries, 2010, 1999; Wiegmann et al., 2017). 
Projects, such as this one, need to establish to what extent insights from the standardisation 
literature can help answer questions around how actors in ecosystems achieve alignment that 
have been raised but not answered by the ecosystems literature. Potentially relevant insights 
from the standardisation literature relate, e.g., to the coordination mechanisms used in 
ecosystems, the balance of power and interests that is established in ecosystems’ alignment 
processes, when and how this balance may be challenged, and how individual parties may use 
these processes strategically to increase their share in the value that can be captured through 
the ecosystem. 
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The current preliminary findings from the IVD case already point towards standardisation 
potentially being key for aligning actors in ecosystems. Section 4.1 outlines several activities 
in the ecosystem, where standardisation in various forms (e.g. through formal SDOs, 
consortia and/or with government involvement) is or has been used to align ecosystem 
members. The case also points to additional parallels between ecosystems and 
standardisation. In line with the theory put forward by Walrave et al. (2018), the IVD 
ecosystem is highly dependent on its environment, in this case e.g. due to changes in 
regulation and interdependencies with the wider health care system which cause a need for 
extensive re-alignment. This is similar to standardisation, where interactions with the wider 
context also have fundamental implications for the development of new standards (see e.g. 
Blind et al., 2017; Ho and O’Sullivan, 2019; Wiegmann et al., 2017). These external 
influences on the ecosystem may also challenge existing alignment structures. The case 
therefore shows that dynamic alignment processes in ecosystems do not only occur when an 
ecosystem is just being newly developed (as argued by Dattée et al., 2018). Also in this 
respect, alignment in ecosystems resembles standards which are only stable as long as no 
influential actor challenges them (see Wiegmann et al., 2017). 
While the IVD case offers an excellent opportunity to study the project’s research questions 
posed at the outset4, the research done so far does not answer them yet. In doing so, the 
further research on the case can benefit from the standardisation concepts identified earlier in 
this paper, e.g. by specifically focusing on whether and how actors in various European 
countries rely on different coordination mechanisms. Doing so permits to set up the study as a 
natural experiment, where potentially relevant differences in handling the same external shock 
(new IVDR) are identified a-priori. Comparing the ecosystems of multiple countries in this 
way may reveal new insights into how value creation and capture is distributed in ecosystems. 
For example, these insights may show what strategies the self-interested actors in ecosystems 
use to re-shape the ecosystem according to their preferences following an external shock (see 
Fligstein and McAdam, 2012) in the form of new regulation. The final results may therefore 
also show under which circumstances regulatory action that challenges an ecosystem’s set-up 
can pose an opportunity and/or a threat to its members who may aim to increase their share in 
value capture. 
In doing so, the study can make a threefold contribution to theory on ecosystems. Firstly, it 
directly contributes to a better understanding of how companies can profit from their 
innovations (see e.g. Teece, 2018). Secondly, it will provide new insights into how alignment 
in ecosystems comes into existence and evolves over time. Some authors (e.g. Dattée et al., 
2018; Talmar et al., 2018) have already touched on this on this question in the context of 
setting up new ecosystems. Although the standardisation literature (e.g. Wiegmann et al., 
2017) shows that such settlements of coordination issues can be challenged, I am not aware of 
literature that considers such challenges and the ensuing dynamics in the ecosystems context. 
Thirdly, this study – through its focus on regulation – will contribute to the better 
understanding of how ecosystems interact with their environment that Walrave et al. (2018) 
call for. 
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Abstract: Firms tend to promote inter-organizational collaboration in 
standardization through standards alliances. In standardization cooperation, 
technical standards alliances (TSAs) networks serve as a collection of TSAs 
between stakeholders organized for a common goal: the development, revision and 
promotion of technical standards together, which helps firms gain external 
knowledge and increase their influence on the standard-setting process. However, 
although TSAs qualify as a specific form of strategic alliances, most available 
studies on alliance networks focus on other strategic alliances rather than this 
context. In order to fill this gap, a comprehensive literature review is undertaken to 
integrate social network theory, organizational learning theory and the knowledge-
based view in this paper. We introduce knowledge absorptive capacity and 
environmental uncertainty into the relationship between TSA networks and firm 
performance. By analyzing the relationship between these variables, we put 
forward four research hypotheses and construct a conceptual framework.  

Keywords: technical standards alliances, alliance networks, knowledge absorptive capacity, 
environmental uncertainty, firm performance, literature review 

1 Introduction   
As the cost and complexity of innovation increase, firms tend to promote inter-organizational 
collaboration in standardization through standards alliances (Kamps et al., 2017). In recent 
decades, standardization studies have highlighted the benefits of a firm’s involvement in 
technical standards alliances (TSAs) (Blind and Mangelsdorf, 2012; De Vries and Veurink, 
2017). Through cooperating with other stakeholders to draft a common standard, a firm can 
better meet its own standard-related needs, share and gain knowledge (Kamps et al., 2017), 
get access to markets (Blind and Mangelsdorf, 2016), and learn from other participants 
(Wakke et al., 2015; Blind and Mangelsdorf, 2012), thereby not only increasing its 
competitiveness, but also influencing the interoperability, quality and safety enabled by 
technical standards towards its own preferred specifications (De Vries, 2013). As a collection 
of TSAs between stakeholders organized for common goals (De Vries, 2006), a successful 
TSA network is supposed to serve as a fruitful platform for standard-setting cooperation so 
that a firm can access external sources of knowledge relevant for innovation (Blind et al., 
2012).  

Standardization is a coordination mechanism (Kwak et al., 2011). The firm’s TSA network 
covers a set of relationships formed by cooperation among stakeholders included in the 
development, revision and promotion of technical standards (De Vries et al., 2003). By 
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developing standards or technical specifications for open use, technology and market 
developments in specific areas could be coordinated. Essentially, most standards are socially 
constructed during complex and lengthy interactions, and firm performance could be better 
understood by examining embedded network relationships (Van den Ende et al., 2012). 
Alliance members with similar interests contribute the knowledge they possess in 
standardization process and articulate their preferences in the design of technical standards. 
Despite a set of impressive results, effectiveness of alliances management has aroused 
increasingly attention (Gomes et al., 2016), because sometimes technical standards developed 
by a TSA failed to provide proper solutions to the matching problems.  

A TSA qualifies as a specific form of a strategic alliance (Blind and Mangelsdorf, 2016). 
However, most available studies on alliance networks focus on other strategic alliances such 
as R&D alliances, industry-university-research alliances and technology alliances (e.g. Cohen 
and Caner, 2016; Rojas et al., 2018; Phelps, 2010), rather than TSAs. It is unclear to which 
extent theory developed for alliances also applies to TSAs. In this way, there is still an 
important literature gap surrounding the research context of alliance networks. Specifically, 
the issue how a firm’s TSA network shapes its performance is still a largely untapped 
territory, which requires further studies to expand network research to the TSAs situation. 
Most available standardization studies aim at macro or meso perspective instead of micro-
level, such as partnering firms, and at a positive impact of standards rather than evaluating 
participation in standards development (De Vries and Veurink, 2017). Also, there is limited 
empirical evidence that reveals the antecedents of a participating firm’s performance, merely 
verifying the direct impact of other alliance networks on firm performance (e.g. Lee and Kim, 
2011; Xie et al., 2016). Thus, this study tries to fill these gaps by examining the mechanism of 
a TSA network's impact on performance at the firm level. 
Some recent studies have taken a knowledge-based view (KBV) in their strategic alliances 
research (Grant, 2015). In the KBV, as the importance of internal R&D activities is declining, 
the acquisition and utilization of external knowledge resources are often associated with the 
improvement of organizational performance (Martin and Javalgi, 2019). On this basis, many 
studies focus on knowledge absorptive capacity (e.g. Santoro et al., 2018; Gkypali et al., 
2018), which contributes to the accumulation of knowledge within a firm (Pedro et al., 2018), 
and this may be relevant to TSAs as well (Blind and Mangelsdorf, 2012). In particular, firms 
embedded in networks can gain access to knowledge and technology from alliance partners, 
this has been a focus in network studies. In TSA networks, influencing standard-setting is 
core but acquiring knowledge from other involved stakeholders is another important reason to 
participate (Blind and Mangelsdorf, 2016). For both, knowledge absorptive capacity is 
important (Tsai, 2001). Higher levels of knowledge absorptive capacity help a firm identify 
and gather knowledge resources from partners more efficiently (Andrawina et al., 2009). 
Recent research addresses the consequences of knowledge absorptive capacity (Xie et al., 
2018), but it fails to reveal its role between alliance networks and firm performance. 
Therefore, this paper incorporates such capacity into the mechanism of how a firm’s TSA 
network affects its performance, and explores whether it plays a moderating role. Inter alia, it 
partly explains why participants who are exposed to the same external knowledge resources 
within a network differ in the benefits they get. 

At the beginning of a standardization, project the standard’s contents is uncertain, not only 
because of the process within the committee but also due to technical and market 
developments competition outside the network. Therefore, environmental uncertainty is 
expected to play a moderating role in the inter-organizational collaboration (Krishnan et al., 
2016). An organization’s capabilities (such as marketing, technology, learning, and operation 
capability) and success rely on the external environment (Su et al., 2010). Technical standards 

358



determined by a TSA are expected to decrease the risks of technology and market (Blind and 
Mangelsdorf, 2016), so technical standards should be kept in line with market requirements 
(Keil, 2002). During the standardization trajectory, the pressure of environmental uncertainty 
is likely to promote a firm’s motivation to re-evaluate its resource disadvantages and seek 
unique resources and capabilities for future actions. Hence, the relationship between 
knowledge absorptive capacity and firm performance is inevitably affected by environmental 
uncertainty, which necessitates organizational flexibility (Luo and Yu, 2016).  

Following this reasoning, this study examines the relationship between the TSA network and 
firm performance by discussing the role of knowledge absorptive capacity and environmental 
uncertainty. Theoretically, we integrate social network theory, organizational learning theory 
and the knowledge-based view, introducing knowledge absorptive capacity and 
environmental uncertainty into the relationship between the TSA network and firm 
performance, in order to build an integrated theoretical framework of the TSA with internal 
and external linkages. We take a process perspective on the impact of the TSA network on 
firm performance, which will deepen and broaden the research context of alliance networks to 
TSAs. Practically, our research may help firms explore and exploit heterogeneous knowledge 
resources from other stakeholders within a TSA network, and cultivate a more trusting and 
shared relationship among alliance members by learning from each other, providing 
guidelines for a firm to better achieve its goals/objectives in standardization cooperation. 

The remainder of the paper is organized as follows. Section 2 presents a review of related 
literature on general alliances and TSAs in order to provide theoretical evidence in favor of 
the role of alliance networks in this context. Then, through analyzing the relationship between 
variables, several research hypotheses are proposed. The paper concludes with the study 
conclusions of policy and managerial implications in Section 3.   

2 Literature Review and Research Hypotheses 

2.1 Literature on the Alliance in General 
In the past decades, the attention for networks has gradually increased in business practice as 
well as in the literature. Strategic alliances have become popular in an environment where 
rapid access to the latest technologies and emerging markets is more important than ever (Lin 
and Darnall, 2015), referring to the interfirm cooperative agreements characterized by the 
commitment to pursue a mutual goal that requires the pooling of their resources and activities 
(Das and Teng, 2003; Grant and Baden-Fuller, 2004). In forging direct inter-organizational 
relationships with partners, a firm becomes part of strategic alliances, and reduced transaction 
cost is an insufficient reason to explain this phenomenon (Eisenhardt and Schoonhoven, 
1996). Beyond that, alliance networks enable a firm to seek heterogeneous resources, to 
reduce search costs for alliance partners, and to develop a new technology (Gomes et al., 
2016) since joining an alliance network helps a firm with different knowledge stock levels to 
learn external knowledge and skills from other interested participants. Thus, there is 
increasing recognition that strategic alliance networks play a key role in achieving superior 
firm performance, some scholars even see networks among stakeholders as the main 
determinant of firm performance (Macaulay et al. 2018).  
Taking networks of R&D alliance as an example, Caner et al. (2014) developed an interactive 
model around knowledge transfer, centrality in R&D alliance networks, and innovation 
output. Using panel data from 287 biopharmaceutical firms, it was confirmed that the center-
invention output depends on the level of knowledge transfer within and outside the firm. 
Cohen and Caner (2016) discovered that heterogeneous knowledge acquired in a firm's R&D 
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alliance network contributes to the number of breakthrough innovations, and involving 
participants with heterogeneous knowledge enhances the positive role of exploitative 
inventions to breakthrough innovations for a firm’s production. Lin et al. (2012) pointed out 
that key benefits of R&D alliances are information transfer and learning. They used empirical 
data to confirm that R&D alliance networks provide various benefits needed for new 
technologies creation, and a firm with a high level of absorptive capability gains more 
benefits from the alliance. Rojas et al. (2018) focused on the multiplicity of R&D alliance 
networks, and empirical findings indicated that structural characteristics of networks have a 
positive impact on innovativeness.    

Moreover, researchers also have focused on networks in other alliances. For instance, by 
investigating telecommunication equipment manufacturers, Phelps (2010) explained the 
impact of a firm’s network structure and composition on its exploratory innovation, and 
network density among alliance members promotes the impact of technological diversity on 
exploratory innovation. Gilsing et al. (2008) described the importance of novelty creation and 
efficient absorption for technology-based alliances, and the role of alliance networks is 
analyzed in terms of technological distance, network centrality and network density. Xie et al. 
(2016) explored the relationship between collaborative innovation networks and knowledge 
transfer performance using fuzzy-set Qualitative Comparison Analysis (fsQCA), revealing the 
scale, connection strength and centrality of networks determine the level of knowledge 
transfer performance. 
In brief, the previous literature explores the role of alliance networks in firm performance 
from a wide range of perspectives. However, the black box of the impact of alliance networks 
on performance has not been fully opened, and whether such benefits apply to TSAs remains 
unclear. 

2.2 Literature on the Technical Standards Alliance 
TSAs are defined as the firms develop, promote and maintain technical standards together 
(Blind and Mangelsdorf, 2012; Blind and Mangelsdorf, 2016; Kamps et al. 2017). Essentially, 
a TSA has unique features compared with other strategic alliances. First, in addition to 
innovation and new technology development (Gilsing et al., 2016), the main purpose of a 
TSA is to develop and promote technical standards (Axelrod et al., 1995). Participants are 
expected to contribute to this common achievement (Blind and Mangelsdorf, 2012). Second, 
the function of TSAs often has broader scope than other alliances. A technical standard 
developed by a TSA may adopt the technology innovation output from one or more 
technology alliances or in the form of R&D-oriented alliances and pre-competitive research 
alliances. Third, firms are supposed to play a key role in the standardization process. A 
limited number of companies and sometimes also other stakeholders develop technical 
standards within a TSA while a huge number of firms advocate these standards as adopters 
(Keil, 2002; Oshri and Weeber, 2006), covering R&D, production, inspection, sales and other 
fields. Sometimes there is government involvement as well, e.g. to ensure alignment between 
stakeholders and regulation. 
Earlier studies on technology and society may help us analyze standard-setting process 
whereby the economic connection between organizations in the TSA is a manifestation of a 
social network (West, 2014) with the aim to establish an available standard to solve matching 
problems and obtain benefits (De Vries, 2008). Technical standards arise not only from 
resources that can be developed within a single company, but also from resources and 
capabilities possessed by other partners, and that the firm itself is linked to through a TSA, so 
the TSA network is formed by stakeholders (De Vries, 2006).  
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Technical standards setting includes several levels (e.g. international, national, industrial 
level), so firms may participate in one or more standard-setting alliances at these levels 
(Axelrod et al., 1995), although they may play a proactive role in only a few of them. Besides, 
cooperation is also being carried out among various TSAs to align activities and stimulate 
adoption of technical standards (Delcamp and Leiponen, 2014), which makes standardization 
processes more complex, with more diversified and overlapping stakeholders. Participants 
with similar or complementary capabilities and resources play different roles (such as 
technological or market experts, and design coordinators) within a TSA network, and focal 
firms provide other partners with their specification and hope that it will become the 
dominant standard by winning their approval (Oshri and Weeber, 2006). However, some 
partnering firms lack the necessary power or resources to make continuous contributions, so 
they may have little or no influence in the end.  
TSAs are assumed to be market-oriented (Keil, 2002). Partnering firms develop and agree on 
specific technology specifications to benefit the interested parties. Owing to this cooperation, 
TSAs send positive signals about potential winners in technology and market competition, or 
provide access to learn how to design new services or products from partners (Lyytinen and 
King, 2006), so that they are able to gain knowledge spillovers and reduce costs of 
implementing technical standards.  
Resource flow is an important driving force for firms to enter an alliance in general (Xia et 
al., 2018). For alliance members, networks contain a large number of heterogeneous 
knowledge resources (Grant and Baden-Fuller, 2004). A TSA can be seen as a platform for 
knowledge exchange and sharing as well. Such knowledge is needed anyhow for developing 
common standards, so it is important for a firm to share knowledge and learn from each other 
within a TSA network, which may conduce to higher profits to be derived (Blind et al., 2012).  

In standardization cooperation, a firm’s technology standardization capabilities (such as R&D 
capability, resource capability and management capability) (Hesser et al., 2010) required to 
achieve the goals of a TSA are improved thanks to learning-by-doing. On the one hand, 
participants exchange knowledge which facilitates the implementation of these technical 
standards, providing value to firm performance. On the other hand, firms and other main 
stakeholders (such as governmental agencies, research institutes, and manufacturers) (De 
Vries, 2006) establish cooperative relationships characterized by mutual trust and support, 
thus reducing the transaction cost of technical standards development. This cooperation 
should result in the win-win situation of achieving respective goals (De Vries and Verhagen, 
2016).  

Summarizing, other alliances do not develop or disseminate standards, TSAs do. The 
mechanism of how a TSA network affects firm performance is not clear. This is because a 
TSA has its own characteristics different from other networks. We are unable to draw 
conclusions from the existing literature on whether the mechanism of the TSA network on 
organizational performance is consistent with other strategic alliances, or what differences 
exist. Therefore, this paper expands alliance networks literature to TSAs, and research 
hypotheses are proposed and verified in the following parts. 

2.3 Hypotheses Development 
2.3.1 TSA Networks and Firm Performance 

According to social network theory, centrality and relationship strength may explain how 
firms capture social capital from embedded resources (Granovetter, 1973; Freeman, 1979), 
which is essential to inter-organizational coordination. This is expected to be relevant to 
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TSAs as well (Van den Ende et al., 2012). Firms occupying a central position and maintaining 
close connections to other participants in a TSA network have more access to external 
knowledge resources and achieve a better understanding of other alliance members’ interests. 
Thus, they could have more influence in the knowledge transformation from tacit to explicit 
knowledge. The latter is laid down in the common standard, standards are a form of explicit 
knowledge (De Vries and Van Delden, 2011). The social dimension of standardization is 
relevant to the parties involved, who must reach consensus on a solution. That is to say, such 
involvement leads to solutions to matching problems that are most beneficial to participants 
(Slowak, 2008). 

(1) Network Centrality   
In general alliance literature, centrality reflects the structural positions of partnering firms in 
the cooperative network (e.g. Lee and Kim, 2011; Lai and Weng, 2013; Macaulay et al., 
2018). Freeman (1979 defines centrality as the locations of positions or points in a network, 
including control, independence and activity. On this basis, Wang and Fang (2012) suggest 
that centrality represents the degree to which a firm has fast and independent access to other 
participants in the network. Caner et al. (2014) define centrality as the extent to which a focal 
company connects with other partnering members in the network. According to Macaulay et 
al., (2018), network position reflects the status, power and linkage of an alliance member in 
its network. They agree that centrality represents positional advantages in leadership, power 
and linkage.  
The question is to which extent the above applies to TSAs as well. Some standardization 
studies indeed adopt social network analysis (Chellappa and Saraf, 2000). Standard-setting is 
influenced by a firm’s position in a TSA network (Maggetti and Gilardi, 2011; Leiponen, 
2008). We consider that centrality refers to competitive positions of the firm in a particular 
TSA network with quick and independent access to other firms. First, centrality may refer to 
its access to knowledge that is essential for the content of technical standards (Blind et al., 
2012). Second, centrality may refer to the company’s role in the negotiation process: the 
bargaining power to shape the standard according to their proprietary interests (Delcamp and 
Leiponen, 2014). Third, centrality refers to power to make a difference in market adoption of 
the standard through a better understanding of future changes (Chellappa and Saraf, 2000; 
Axelrod et al., 1995). It could also influence the standard’s approval and the legitimacy of the 
standardization activities (Baloglu et al., 2010).  
Companies closer to the center appear to hold more power to influence standard-setting 
outcomes (Delcamp, 2005; Kamps et al., 2017; Delcamp and Leiponen, 2014), this suggests 
that the distribution of power in a TSA network is asymmetric (Delcamp and Leiponen, 
2014). Central firms with richer alliance experience tend to have specialized functions, which 
may provide opportunities to dominate the standard-setting activities. Compared with 
marginal firms, central firms are more likely to influence the standards’ contents in the way 
most profitable to them (Blind et al., 2012; Kamps et al., 2017; Leiponen, 2008).  

Centrality may have the visible form of providing the chairman or secretary of a 
standardization committee. (S)he has to seek a balancing of the needs of the parties involved. 
It can be difficult for other participants to avoid this influence. The chairman is assumed to 
have a neutral position, and this may hinder proposing arguments that favor his/her firm’s 
position. However, in the case of chairman’s firm that has a special interest in the standards to 
be developed as well, sometimes (s)he may tip the committee’s balance in its direction (De 
Vries and Simons, 2006). In standardization committee discussions, this firm may gain more 
tacit knowledge as well (Wakke et al. 2015). Thus, a focal firm is positioned better to 
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influence the content of technical standards in line with this firm’s interests better than 
peripheral firms. 
Centrality in a TSA network for a participant may also be associated with a combination of 
certain knowledge and skills shared by alliance members (such as academic level, 
standardization expertise, strategic vision). A TSA network provides central firms with more 
access to unique resources, information and social connections than other members have, 
which, in turn, shapes a better position to provide support for partners' technical and other 
proposals (Slowak, 2008). Some partnering firms are in a position closer to the center than 
other actors because of owning patents, knowledge or technology bottlenecks (Blind et al., 
2012).  
Seen in this way, we assume that a central position of a firm within a TSA network may 
contribute to the firm’s influence on standards output (the contents of standards developed by 
a TSA), leading to a higher firm performance (Chellappa and Saraf, 2000). Consequently, the 
following hypothesis is proposed: 
Hypothesis 1a: The closer a firm is to the center of a TSA network, the better firm 
performance will be. 

(2) Network Relationship Strength 

As an antecedent variable, relationship strength is associated with alliance performance. 
Granovetter (1973) introduces the notion of the strength of ties as the combination of four 
elements: time, emotional intensity, intimacy, and reciprocal services. As a social mechanism 
for coordinating different actors, the network relationship strength describes the ties (ranging 
from weak to strong) among participants. Also, relationship strength is made up of two 
distinct aspects, time spent in a relationship and the depth of the relationship (Marsden and 
Campbell, 2012). Focusing on cluster performance, Eisingerich et al. (2010) define the 
network strength as a function of the frequency, intensity, stability of interactions and levels 
of trust between cluster members.  
Relationship strength is a relevant feature of social networks (Lee and Kim, 2011) so it may 
be relevant in TSA networks as well. Coordination between the participants is a prerequisite 
for fruitful standardization. In line with De Vries (2006), we argue that in a TSA network, 
relationship is defined as a set of linkages between firms and other manufacturers, consumers, 
governmental agencies, research institutes, and other stakeholders in the standard-setting 
process. At the TSA level, “strength” refers to the frequency of interaction (Granovetter, 
1973). Based on their experience in international standardization, De Vries and Simons 
(2006) argue that for participants in standardization committees it is essential for being 
effective to attend all meetings. 

The design of technical standards by alliance members emerges from co-participation ties 
within the TSA (Maggetti and Gilardi, 2011): a technical standard is the technical 
specification established in cooperation and approved by interested parties involved in the 
TSA network. The collaboration within a TSA network aims at a win-win outcome, which is 
conducive to cooperative and deliberative interactions (Maggetti and Gilardi, 2011). The 
formulation and promotion of technical standards requires high-frequency contribution for 
that purpose from alliance members (Blind and Mangelsdorf, 2012). On top of that, network 
relationships provide an opportunity for close R&D cooperation, rather than just develop and 
promote a specific standard (Delcamp, 2005). It provides participants with access to 
heterogeneous knowledge sources beyond the scope of a single firm (Ranganathan and 
Rosenkopf, 2014).  
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Moreover, a cohesive network may help alliance members carry strong expectations of on-
going commitment, trust, and common understanding among stakeholders (Kamps et al., 
2017; Baloglu et al., 2010), leading to reach an agreement in social interaction by exposing 
mutual independencies and obligations (Kenis and Knoke, 2002). It reduces the likelihood of 
opportunistic behavior among participants (Eisingerich et al., 2010). Ideally, the technical 
standards developed will fulfill requirements of all actors by making a consensus-based 
decision based on acknowledging shared goals (De Vries et al. 2017; Kamps et al., 2017). 
Most notably, the efficiency of standardization may be enhanced by promoting the interaction 
of alliance members (Delcamp and Leiponen, 2014), which has a positive impact on 
improving the common benefits of alliance members. These findings suggest the following 
hypothesis: 

Hypothesis 1b: The stronger the relationship among alliance members, the better firm 
performance will be. 

2.3.2 Knowledge Absorptive Capacity and Firm Performance 
Knowledge-based resources are considered to be the most vital sources to explain firm 
performance (Blind and Mangelsdorf, 2012). Absorbing external knowledge has become an 
indispensable element in the firm's innovation and adaptation to changes in its competitive 
environment (Camisón and Forés, 2010; Liu et al., 2018), so knowledge absorptive capacity 
enhances firm performance (Flatten et al., 2011) because it enables them to leverage external 
relevant knowledge resources.  
Cohen and Levinthal (1990) define knowledge absorptive capacity as the dynamic capacity of 
a firm to identify and evaluate the value of new external knowledge, and promote the 
development of the organization by digesting, absorbing and integrating it. Flor et al. (2018) 
pointed out that knowledge absorptive capacity includes two dimensions: the potential 
absorptive capacity of the organization to acquire and assimilate new external knowledge, and 
the realized absorptive capacity of transforming and exploration new knowledge. Gkypali et 
al. (2018) provide empirical evidence that knowledge absorptive capacity does not only 
promote innovation output directly, but also enhances knowledge value through R&D 
cooperation. Xie et al. (2016) suggest that knowledge absorptive capacity is closely related to 
an enterprise's knowledge strategy, so it has a significant impact on firm performance. With 
the improvement of knowledge absorptive capacity, firms may gain more benefits from 
alliances (Lin et al., 2012). 
In standardization practice, it seems difficult to find a participant with all the knowledge and 
skills necessary for the standardization process, because standardization is considered as a 
knowledge-sharing and knowledge-creating activity (Blind et al., 2012). For developing 
technical standards, a combination of standardization knowledge, market knowledge and 
technical knowledge is necessary. The participating firms use knowledge resources in 
preparing technical standards, and they learn from each other as well.  
Participants in standardization may differ in terms of their interest but also resources, 
capabilities and the level of absorptive capacity differ. As a result, they will differ in the 
effectiveness of their participation and thus to its performance (Blind et al., 2012; Santoro et 
al., 2018). This performance partly relates to the standard itself – to which extent will it meet 
the company’s requirements – and partly relates to other corporate interests such as 
innovation and marketing. Accordingly, the following hypothesis is proposed: 
Hypothesis 2: Increased firm’s knowledge absorptive capacity leads to increased firm 
performance. 
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2.3.3 Interaction between TSA Networks and Knowledge Absorptive Capacity  

Knowledge absorptive capacity is closely related to the characteristics of social networks 
(Pedro et al., 2018; Jiang et al., 2018). A diverse set of knowledge resources, including all 
kinds of skills or experiences, enhances innovation potential (Gilsing et al., 2008). Actually, a 
TSA network broadens external knowledge sourcing, and provides a firm with more 
opportunities to facilitate its knowledge base (Srivastava et al., 2015). Participation in a 
network encourages firms to enhance absorptive capacity to exploit absorbed knowledge (Lin 
et al., 2012), and convert it into the value output of technical standards in the process of 
knowledge exchange.  

The interaction between alliance network and absorptive capacity plays a critical role in 
knowledge sharing within organizational networks (Tsai, 2001). A productive TSA network 
gives companies more opportunities for collaborative learning, contributing to balance the 
distribution of knowledge resources among stakeholders and enabling a firm to develop 
cutting-edge technical standards (Jiang et al., 2018). However, strong complementarities with 
external knowledge sources require significant absorptive capacity to increase firms’ own 
knowledge base through exploiting the absorbed or co-generated knowledge (Blind et al., 
2012). The better a firm's knowledge absorptive capacity, the more it may apply external 
knowledge to standardization activities in future, increasing its corporate intelligence and 
improving its standardization ability (Blind et al., 2012). Therefore, the interaction between 
TSA networks and knowledge absorptive capacity may contribute to competitive advantages. 
According to the KBV, social networks promote the creation of new knowledge between 
organizations (Grant, 2015). Focal firms that occupy a central position in a TSA network have 
more unparalleled access to new standardization-related knowledge and practices of other 
alliance members (Srivastava et al., 2015). Meanwhile, close connectedness among alliance 
members provides the benefit of acquiring external knowledge. Although a firm gains new 
opportunities and knowledge by connecting with other stakeholders, the knowledge is 
distributed unevenly within a TSA network. By establishing extensive cooperative linkages 
with other alliance partners, firms may further consolidate their status and power through 
knowledge asymmetry that allows a firm to locate itself in a knowledge-rich position (Lai and 
Weng, 2013). In general, TSA networks provide access to resources for the realization of 
alliance members' initial goals and objectives, but the outcome of knowledge transfer across 
organizations is different. If a partnering firm lacks enough capacity to fully absorb and 
utilize these new knowledge resources, they will be less able to improve their innovation 
performance (Wakke et al., 2015). Thus, firms with a certain level of absorptive capacity to 
learn, implement and disseminate new knowledge internally, are likely to apply new resources 
to gain more benefits (Cohen and Levinthal, 1990). 
As explained above, a firm's knowledge absorptive capacity can be put down to its existing 
knowledge base (Gilsing et al., 2008), which includes technical specifications, commercial 
products, etc. A firm may be at disadvantage if it lacks sufficient absorptive capacity to 
internalize the generated knowledge and codify this in standards (Blind et al., 2012). It 
includes a lack of expertise and other resources necessary for a proper implementation of 
standards (De Vries et al., 2009). A partnering firm with a certain level of knowledge 
absorptive capacity may be likely to benefit more from the knowledge sharing, not only 
making active use of opportunities presented but also boosting effects of standardization 
(Wakke et al., 2015). Accordingly, the following hypotheses are proposed: 

Hypothesis 3a: The centrality of a firm’s position in a TSA network is more positively related 
to firm performance when the firm has a high knowledge absorptive capacity than when the 
firm has a low absorptive capacity. 

365



Hypothesis 3b: The relationship among participants in a TSA network is more positively 
related to firm performance when the firm has a high knowledge absorptive capacity than 
when the firm has a low absorptive capacity. 

2.3.4 The Moderating Effect of Environmental Uncertainty 
Environmental uncertainty is a core concept in literature on strategy and organization. 
Following Miller and Friesen (1983), it can be defined as the unpredictability of future events. 
It describes the inability to forecast fast changes, and has been recognized to be closely 
related to organizational performance (Wang and Fang, 2012). Two primary sources of 
environmental uncertainty are markets (Chu et al., 2018; Doley and Sharma, 2019) and 
technology (Gelderman et al., 2016; Su et al., 2010). It is difficult to anticipate these changes 
outside a network (Krishnan et al., 2016; Song et al., 2016).  

Knowledge absorptive capacity is closely related to the external environment (Tseng et al., 
2011). Knowledge created in the firms’ external environment becomes the main source for 
them to explore and appropriate new knowledge. A firm's adaptive responses to the 
environment depend on their internal conditions, especially the resources they control. In a 
stable environment, the knowledge resources that firms pay attention to are similar to their 
existing knowledge base and the need to survive is less urgent. However, when environmental 
uncertainty is high, firms may be more active in learning about new technologies and the 
potential evolution of markets from external resources (Slowak, 2008), because they may find 
themselves lacking the broad range of skills and resources needed to remain competitive in 
the changing environment (Srivastava and Frankwick, 2011). Without such capacity, the firm 
is hardly able to enhance resources or improve responsiveness. 
TSAs are associated with technology risks as well (Delcamp and Leiponen, 2014). Technical 
uncertainty refers to the inability of a firm to predict the trend and speed of technical change 
accurately, which is mainly manifested in the rapid change of technology, and new products 
generated by breakthroughs in the development of new technologies in the industry 
(Gelderman et al., 2016). Standards provide stable solutions so they mitigate risks but 
changes in standards are another source of uncertainty. Participation in TSAs allows firms to 
know about new standards from the horse’s mouth, and to influence their development. This 
creates valuable opportunities for firm survival and development (Marhold and Kang, 2017). 
In a dynamic environment, firms are required to absorb more external knowledge within a 
network to reshape their knowledge base, so as to improve the accuracy of judging emerging 
opportunities to overcome technology barriers and minimize technology distance (Wakke et 
al., 2016).  
In brief, changes offer opportunities that may enhance and extend the interorganizational 
network and contribute to a standard’s success by modifying it (Van den Ende et al., 2012), 
leading to more exploration of best applications for their standards (Kamps et al., 2017). That 
is, superior absorptive capacity improves the firm's ability to catch opportunities proactively 
rather than passively in a dynamic environment. When partnering firms lack the necessary 
resources and skills, they have to develop a higher absorptive capacity to obtain them from 
the external environment in order to overcome resources constraints or take the most from 
opportunities. Accordingly, the following hypothesis is proposed: 
Hypothesis 4: The positive effect of a firm’s knowledge absorptive capacity on its 
performance is moderated by environmental uncertainty; as the extent of uncertainty 
increases, the positive effect of firms’ knowledge absorptive capacity on its performance is 
strengthened. 

366



Based on the above theoretical analysis and hypotheses, the conceptual framework of this 
paper is shown in Figure 1, which describes the relationship between alliance networks, 
knowledge absorptive capacity, environmental uncertainty and firm performance. 

 
Figure 1 Conceptual framework and hypotheses. 

3 Conclusion 
In this paper, a theoretical model of the relationship between TSA networks, knowledge 
absorptive capacity, environmental uncertainty and firm performance is constructed through a 
comprehensive literature review. Most notably, we expand the research field of alliance 
networks to the TSAs context, from which we analyze the positive impact of alliance 
networks and knowledge absorptive capacity on firm performance, and discuss the 
moderating effect of knowledge absorbing capacity between alliance networks and firm 
performance. Besides, the moderating role of environmental uncertainty between knowledge 
absorptive capacity and firm performance is also revealed. Based on this, we put forward 
corresponding research hypotheses. The next step will be to test these empirically.  
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