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 CAN SCIENTIFIC KNOWLEDGE BE MEASURED BY NUMBERS? 

Hanne Andersen, University of Copenhagen 

 

Introduction 

Scientific knowledge is an important basis for our society. But not all scientific knowledge 

is equally important, and not all scientists are equally good scientists. In deciding which 

scientists to hire, which journals to acquire for a library, or which publications to read, 

various numerical indicators are often used to measure quality, impact, or relevance. This 

chapter provides a short overview of the most popular indicators, such as the h-index and 

the journal impact factor, and describe how they have been developed. On this basis, I 

discuss what the various indicators actually measure, where and to what extent it makes 

sense to draw on such numerical indicators, and where they may lead us astray.  

 

Economic indicators 

Over the last century, science has become increasingly important to society. Today, most 

countries allocate a substantial amount of their state budget to the production of new 

scientific knowledge and to the education of new generations of scientists.1 As public 

investment in science has increased, politicians, taxpayers, agencies and managers have 

                                                 

1 Data on R&D expenditure for individual countries as well as aggregated world averages can be found at the 
web page of the World Bank: https://data.worldbank.org/indicator/GB.XPD.RSDV.GD.ZS. 
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become increasingly interested in how the funds allocated for research are spent, and what 

society gets in return. 

Interest in measuring research and development activities (R&D) can be found already in 

the first half of the 20th century (Godin 2002). But it was especially after WWII that policy 

makers began seeing a strong linkage between economic performance and performance of 

science and technology. This linkage was explicitly expressed in the seminal report Science: 

The Endless Frontier that science advisor Vannevar Bush delivered to US President Truman 

shortly after the end WWII. There, Bush described how  

Advances in science when put to practical use mean more jobs, higher wages, 

shorter hours, more abundant crops, more leisure for recreation, for study, for 

learning how to live without the deadening drudgery which has been the burden 

of the common man for ages past. Advances in science will also bring higher 

standards of living, will lead to the prevention or cure of diseases, will promote 

conservation of our limited national resources, and will assure means of defense 

against aggression (Bush 1945).  

In order to achieve these objectives, Bush concluded that the flow of new scientific 

knowledge had to be both continuous and substantial. 

Seeing science as a major driver of economic growth, it became important to monitor 

national and international performance. During the 1950s, many countries began making 

surveys of their R&D activities, but differences in the concepts and methods employed made 

comparisons difficult. By the late 1950s, the Committee for Applied Research of the 

European Productivity Agency began discussing various definitions and methods, and by 

the early 1960s this developed into the so-called Frascati Manual that outlined a set of 

standardized definitions of how to understand research and development, distinguish 
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between different sectors, and how to measure personnel and expenditure devoted to these 

categories (de la Mothe 1992).2 

Much emphasis in these attempts at monitoring national performance in science and 

technology has been on input indicators, especially the financial and human resources 

devoted to R&D. Hence, the Frascati Manual stipulated how to define basic research, applied 

research, and development of products and processes; and how to measure the allocation 

of monetary and human resources by disciplines or industrial sectors. This focus on input 

fits well with a science policy that expected increased activity in science to lead more or less 

automatically to an increase in economic performance and improved standards of living 

(Godin 2005 ch. 7.). 

Output indicators, on the other hand, were more difficult to define. One of the first attempts 

at measuring the outcome of science came from the historian of science Derek de Solla Price. 

In his two monographs Science Since Babylon (Price 1961) and Little Science, Big Science (Price 

1963), Price wanted to develop a science of science; to find the underlying principles and 

laws that could guide science policy. For example, examining a variety of variables, 

including the number of journals, the number of published papers, the number of graduates, 

the operating energy of particle accelerators, or the number of discovered chemical 

elements, he concluded that science grew exponentially. But this result also included a dire 

warning for the future. As Price graphically pointed out, "To go beyond the bounds of 

absurdity, another couple of centuries of 'normal' growth of science would give us dozens 

of scientists per man, woman, child and dog of the world population" (Price 1961, p. 13). 

Hence, similar to many phenomena in biology and epidemiology, Price predicted the future 

development of science to follow a sigmoid or logistic curve. According to this view, future 

experiences of shortage in manpower or funding would not be an "incidental headache" that 

                                                 

2 For the current version of the Frascati Manual, see https://www.oecd.org/sti/inno/Frascati-Manual.htm. 
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could be easily cured. Instead, Price warned, "We must not expect such growth to continue, 

and we must not waste time and energy in seeking too many palliatives for an incurable 

process" (Price 1961 p. 117). 

While Price's work was groundbreaking in its attempt at measuring the growth of science, 

it also illustrated that the output and outcome of science could be understood in many 

different ways. Nevertheless, science policy makers who wanted to ensure that the 

investment in science was made in a way that maximized the returns to society needed some 

kind of indicators to measure output and outcome. Hence, countries and organizations 

began supplementing the input indicators on expenditure and manpower with indicators 

of the direct results of the scientific activity, such as patents, as well as the effects that science 

had on society, such as high-technology trade or balance in payment for patents, licenses, 

and know-how.3 

 

Bibliometric indicators 

Whereas science policy focuses on the economic indicators, the primary interest within 

academia itself is typically on bibliometric indicators, based on publication numbers and 

citation counts. Methodologically, there is a major difference in the accessibility of these two 

indicators. An author can always count the number of publications that he or she has 

authored and document this number by presenting a publication list with the bibliographic 

information of each publication. In contrast, citations of a publication may be made by many 

different people and through many different channels, and so there is no unique overview 

of these in the same way an author has an overview of his or her own publications.  

                                                 

3 See Godin (2005), chapter 7 for a detailed account. 
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Citation databases 

An important prerequisite for indicators that involve the number of citations is databases 

that track citations of academic publications. In creating such databases, the ideal of making 

an exhaustive database that includes all of the world's academic journals and books needs 

to be balanced against what is feasible. Decisions on what to include or not to include will 

depend on the intended use of the database. If the aim is to use citations as an indicator of 

overall influence, it is desirable to include as many journals as possible for as long as 

possible. If, instead, the aim is to use citations as an indicator of the expected use of a journal 

in a library, it may suffice to include only the major channels. Especially before the digital 

age, when building a database of citations required going through the print volumes of each 

issue of each journal and manually creating a record for each citation, pragmatic decisions 

needed to be made about which journals to include and for how many previous years. 

Once such a database is established, individual publications can be uniquely identified by 

bibliographic information, and the number of citations of each publication can be counted. 

However, since there may be multiple authors with identical names, it is difficult to identify 

authors in a unique way. In most cases, they can be distinguished from one another by 

adding the institutional affiliation to the identifier, but that also requires a procedure for 

keeping track of changes in affiliations as people change jobs. Before the digital age, this 

could be challenging, but now services such as ORCID (Open Researcher and Contributor 

Identifier) offers solutions to name ambiguities by assigning unique identifiers to authors 

(Haak et al. 2012). 

The first attempt at producing a database of scientific citations was the Scientific Citation 

Index (SCI), created by Eugene Garfield in the late 1950s and launched as a commercial 

product by a company called the “Institute for Scientific Information” in 1964. From the 

outset, the index was developed as a tool for assessing journals as well as scholars and 

publications, and this came to influence the construction of the database in important ways.  
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Initially, Garfield had seen the index as an "association-of-ideas" index that provided a 

complete listing of all the publications that had ever referred to a particular publication 

(Garfield 1955). In Garfield's view, this would minimize the risk of drawing on fraudulent, 

incomplete, or obsolete research. However, this use of the index was later downplayed, and 

the ideal of exclusiveness relinquished. 

Instead, to make the creation of the database practically feasible, Garfield followed the 

pragmatic approach of the existing subject indexing services that analyzed only those 

journals that were considered most important within a particular discipline. Garfield 

justified this selectivity by empirical studies showing that about 20% of the journals covered 

by the database received about 80% of the indexed citations, while about 40% of the journals 

published about 80% of the indexed publications (Garfield 1990, 1996). Based on these 

results, he argued that even if the database were limited to the top 500 journals, it would 

still provide a comprehensive coverage of the most important publications.4  

In making decisions about which journals to include in the database, Garfield argued that 

citation data, expert judgment, and journal standards should all be taken into account. Of 

these factors,  the most basic criterion that a journal must fulfill in order to be included in 

the index is that it is published according to schedule. Garfield's argument for this criterion 

was that it was "unethical and unacceptable for publishers to allow journals to appear 

chronologically late" (Garfield 1990). This is not a criterion based on the quality of the 

content. But because average citation rates over a strict 2-year window was the basis for the 

                                                 

4 In their description of the journal selection process for the Web of Science, Clarivate still refers to Garfield's 
Law of Concentration as a principle stating that the core literature for all scholarly disciplines may be 
concentrated in a relatively small number of journals (https://clarivate.com/essays/journal-selection-process/; 
accessed October 20, 2018). However, it should be noted that since citation practices vary considerably 
between fields, a core literature defined from citations risks overlooking small and specialized fields whose 
research results are published primarily in specialized journals. 



Page 7 of 24 

 

index assessment of journals, timely publication was crucial for the reliability of this 

measure.  

Originally, the SCI covered only the natural and medical sciences, while an Arts and 

Humanities Index as well as a Social Science Index were later added to what is now known 

as the Web of Science (WoS). Journals from these fields have only gradually been added to 

the database, and coverage in the WoS is still much stronger in the natural and biomedical 

sciences than in the humanities and social sciences.  

In recent years, various alternatives to the WoS have emerged, such as Scopus provided by 

the publishing house Elsevier. Different databases may differ in which journals they cover, 

how far in the past they go to draw content to index, whether they index books, which 

publishing houses they cover, and whether they index additional types of publications such 

as conference series. This means that different databases may yield very different citation 

counts for the same publication or the same author. Similarly, as a database includes, for 

example, new types of material, or extends its historical coverage, additional citations may 

be added.  Hence, when two consecutive searches in a citation database show an increase of 

citations of a particular publication or author, this does not necessarily reflect new citations 

but may instead reflect recent additions of old citations to the database. 

Citation databases such as the WoS or Scopus have detailed policies for which publication 

channels to include or exclude. This is different from Google Scholar that uses automated 

software to index publications found on websites, including preprint servers, university 

repositories, personal web pages, etc. In most fields, Google Scholar provides a much 

broader coverage than the standard citation databases, however what has been covered is 

less transparent. It is therefore a matter of debate whether citation counts from Google 

Scholar bear the same claim to legitimacy as citation counts from the WoS or Scopus. On the 

one hand, Google Scholar includes citations of a non-academic nature, such as those from 
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blogs, preprint servers, and similar venues. On the other hand, such citations may still 

indicate a relevant form of impact.5   

 

Studies of citations and stratification 

Since the emergence of the SCI, it has been a matter of debate as to how far citations can be 

used as indicators for the impact or quality of individual researchers. When the SCI first 

emerged, sociologists of science interested in stratification and reward soon began 

investigating correlations between authors' numbers of publications and citations and their 

recognition as reflected by, for example, their having received prestigious awards or 

positions, or being widely known among peers. For example, studying a population of 120 

physicists, the sociologists Cole and Cole examined whether the doctrine of “publish or 

perish” actually holds, i.e. whether scientists who publish many trivial papers are rewarded, 

while scientists who publish only a few high quality papers are not (Cole and Cole 1967). 

Comparing publications and citations to rewards and recognition they found that awards, 

prestigious positions, and being well-known to peers was more strongly correlated with the 

number of citations than the number of publications, especially for scholars employed at 

prestigious institutions. Cole and Cole therefore argued that citations seemed to be a better 

indicator of researchers' overall success than the sheer number of publications.  

However, the overall correlation between citations and reward varied considerably, 

depending on reward type. Hence, citations can be useful for examining overall 

stratification patterns in a population, but when applied to the individual, predictions of 

                                                 

5 Some empirical studies indicate that citation analyses conducted using Scopus, Google Scholar and the WoS 
produce equivalent results. (Harzing and Alakangas 2016; Meho and Yang 2007; Harzing 2013). On the other 
hand, it has also been shown how Google Scholar can be manipulated to report very high h-indexes by creating 
a web site with a large number of short articles citing each other; see Labbe (2010) or 
http://bibliometrie.wordpress.com/2011/05/12/ike-antkare-i-dont-care, accessed Nov 20, 2018. 
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recognition from the number of citations are quite uncertain. Some sociologists of science 

who used citation data to study stratification therefore at the same time warned against 

using citation data in promotion and hiring processes (Wouters 1999, 102).  

Nevertheless, bibliometric tools have become increasingly popular in assessing individual 

researchers, and a plethora of different metrics have been developed. The following section 

therefore describes some of the most popular indicators, before returning to various points 

of criticism. 

 

Individuals' productivity and impact 

The most basic measure in assessing individual scientists is the number of authored 

publications. Usually, this is seen as an indicator of the individual researcher's productivity. 

However, if understanding productivity as efficiency in converting input into output, the 

number of publications needs to be seen in relation to the amount of time that has been 

spent on producing the publications. Further, many studies document how variation in time 

expenditure and research output are influenced by such factors as gender, parental status 

or ethnicity, and how such differences may affect the career patterns of underrepresented 

groups (Bellas et al. 1999). 

Second, publications vary in kind. Agencies and institutions interested in assessing 

researchers may therefore request publication numbers to be divided into different 

categories according to their particular interpretation of publications as research output. 

How different types of publications are weighed against each other may vary from field to 

field of from institution to institution. For example, monographs tend to play an important 

role in the humanities and social sciences (Ochsner et al. 2016; Williams et al 2018), while 

conference publications tend to have a high status in computer science (Freyne et al. 2009).  
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Third, many publications have several authors who have shared the workload of producing 

them. To adjust for this, a single-author equivalent number of publications can be computed 

by dividing each publication by the number of authors and then summing the fractional 

author counts (Carbone 2011). However, this assumes that labor has been uniformly 

distributed among all co-authors. Alternatively, a weighted fractional output (WFO) can be 

computed by weighing each author's fraction of the paper according to the institutional 

distribution of the authors and their order on the byline (Abramo, D’Angelo, and Rosati 

2013a, Abramo, D’Angelo, and Rosati 2013b).6 Yet, this measure also builds upon fixed 

assumptions about the distribution of labor between different types of authors and 

collaborations, where, in practice, this varies considerably from case to case. 

Sometimes, co-authors may be included on the byline although their contribution to the 

publication has been only marginal or even non-existent. Such gift authorship are often 

granted as a favor or out of courtesy, such as, for example, when the head of a laboratory is 

listed as co-author on all papers produced by employees at the lab. Sometimes gift 

authorships are granted in an attempt to increase the visibility of a paper by adding a 

famous scholar as co-author. However, in both cases gift authorships make it unclear who 

is responsible for the research reported in the publication, and it confers credit to people 

who have not earned it. Gift authorships are therefore considered questionable research 

practice. In an attempt to promote responsible authorship practices, the International 

Committee of Medical Journal Editors (ICMJE) have issues a set of guidelines that stipulates 

what is required to be listed as co-author to an academic paper. According to these 

guidelines, authorship should "be based on the following 4 criteria: 

                                                 

6 Abramo and collaborators define the weights such that “if first and last authors belong to the same university, 
40% of the publication is attributed to each of them; the remaining 20% are divided among all other authors. 
If the first two and last two authors belong to different universities, 30% of the publication is attributed to first 
and last authors; 15% of the publication is attributed to second and second-last author; the remaining 10% is 
divided among all others” (Abramo, D’Angelo, and Rosati 2013b, 201). 
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• substantial contributions to the conception or design of the work; or the acquisition, 

analysis, or interpretation of data for the work; and 

• drafting the work of revising it critically for important intellectual content, and 

• final approval of the version to be published and  

• agreement to be accountable for all aspects of the work in ensuring that questions related 

to the accuracy or integrity of any part of the work are appropriately investigated and 

resolved" (ICMJE 2017, p. 2). 

These guidelines have gradually been adopted by many journals, also outside the 

biomedical disciplines. However, studies also show that the Vancouver guidelines are often 

violated. For example, in a survey conducted by Martinson et al (2005) among more than 

3000 US scientists 10% reported to inappropriately assigned authorship credit. Similarly, in 

a survey among hyperprolific authors, Ioannidis et al. (2018) found that more than 2/3 of 

the respondents failed to meet all the criteria stipulated by the Vancouver guidelines more 

than 25% of the time, and some of the respondents argued that there should be different 

levels of authorship.  

The measures of productivity described above are all based on treating publications as an 

output parameter. But ideally, the output of research is new knowledge, or new ideas. 

Publications are merely a dissemination channel for this knowledge, and how much new 

knowledge individual publications present varies considerably. Sometimes authors may 

distribute their recent results into several separate papers instead of a single, comprehensive 

publication, or they may publish the same article more than once. Such practices, often 

referred to as salami publication and duplicate publication, are often considered 

questionable research practice.7  

                                                 

7 The perception of these practices have varied over time. For example, before the digital age, when it could 
be much more difficult than it is today to locate literature on a particular topic, it was in many fields seen as a 
legitimate practice to publish the same result in similar forms for different audiences. Today, this may still be 
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Since a large output of publications is not necessarily equivalent to a large output of new 

knowledge, additional measures are needed in order to assess whether a scientist has 

contributed something of value. Often, the number of citations is used for this purpose. 

Sometimes the number of citations of a publication is seen as a measure of the publication's 

quality. However, scientific results can be of a very high quality without necessarily gaining 

a high number of citations. There are several reasons for this. First, they may not be 

discovered by other scientists, for example because they are published in a publication 

channel that only a few libraries subscribe to. Second, their importance to other areas of 

science may not be discovered until a long time after they were published. Third, they may 

be brilliant within a very small field, with only a few other researchers to produce citations.  

Citations can also be seen as reflections of influence on subsequent research, or impact. On 

this interpretation of citations, the number of citations to publications that a researcher has 

authored or co-authored is seen as an indicator of the researcher's total impact. However, 

impact on subsequent research can mean many different things, and these are not 

necessarily valued in the same way. For example, a methodological refinement may be 

widely adopted and therefore receive a very high number of citations, but it is often seen as 

less important than, for example, new conceptual developments. 

Whether the number of citations is seen as an indicator of quality or impact, it has been 

argued that ranking scientists by citation numbers alone does not distinguish between 

scientists who have published just a few highly cited publications and scientists who have 

a stable production of well-cited publications. The so-called h-index was introduced to 

distinguish between these two situations (Hirsch 2005). The h-index is defined as the 

number of publications, n, that an author has published which have each been cited at least 

n times. The n most cited papers are called the author's h-core. Thus, if an author has an h-

                                                 
legitimate, but there has been an increased focus on the importance of making such duplications transparent 
through appropriate cross-referencing.  
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index of 25, this means that his or her 25 most cited publications each have 25 citations or 

more.  

However, as argued by Gingras (2014b), heterogeneous indicators combining characteristics 

often fail to be sensitive to variations in the phenomenon that these indicators purport to 

measure. For example, a researcher who has published ten papers that have each received 

ten citations, a researcher who has published hundred papers that have each received ten 

citations, and a researcher who has published ten papers that have each received hundred 

citations will each have an h-index of ten – although they are quite different with respect to 

their productivity and impact, and will probably not be ranked as equal in an assessment. 

The difficulty in including both productivity and impact in the same indicator is reflected 

by the plethora of alternatives that have been proposed in order to represent some particular 

aspect of productivity and impact that the h-index seems to ignore.8  

First, the h-index ignores citations outside the h-core, so an author who has published ten 

publications that have each received ten citations and an author who has published ten 

publications that have each received hundreds of citations will have the same h-index. Some 

alternative indicators therefore grant more weight to highly cited papers. This includes the 

g-index (Egghe 2006) that is defined as the largest number, g, for which the g most cited 

publications from an author have together received at least g2 citations, and the e-index 

(Zhang 2009) that is defined as the square root of the excess citations of the publications 

included in the author’s h-core.  

Second, since the h-index is purely cumulative, it favors researchers who have published 

many papers over a long time. The m-quotient (Hirsch 2005) adjusts for academic age by 

dividing the h-index by the number of years that have passed since the author’s first 

                                                 

8 For an overview of the many different measures that have been proposed in reaction to the H-index, see e.g. 
(Garner et al. 2017; Bornmann, Mutz, and Daniel 2008; Harzing 2016; Bornmann et al. 2011) 
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publication appeared, while the hIa-index (Harzing, Alakangas, and Adams 2014) adjusts 

for both co-authorship and career length by normalizing citations for each paper by dividing 

the number of citations by the number of authors for that paper, calculating the h-index 

from these normalized citation numbers (called the hI-norm), and then dividing by the 

number of years that the author has been publishing. In this way, the m-quotient and the 

hIa-index both attempt to adjust for the length of the author's career, but by doing so they 

also penalize authors who published their first paper very early in their career.  

As this brief description of just a few of these alternative indicators indicates, there is no 

unique way of balancing productivity and impact that fits with all intuitions of how 

researchers compare to one another.  

 

Measuring scientific literature 

Bibliometric indicators are not only used to measure researchers, but they are also used to 

measure scientific literature. Most visibly, citations are used to compute the so-called journal 

impact factor (IF) that is used to rank scientific journals. Less visibly, citations are also used 

to rank individual publications when searching for literature in academic databases or by 

using Google Scholar to search for literature on the internet. 

 

Citations and the Journal Impact Factor 

The journal impact factor is computed by the WoS as the average number of citations per 

article over the last two years. In this way, the IF can be seen as an indicator of the average 

impact of publications in the journal, but sometimes the IF is also interpreted as an indicator 

of the journal's importance or quality. Rankings of journals within a field according to their 

IF, e.g. offered by the WoS, contributes to this image of the IF as an instrument for journal 
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quality assessment. This interpretation also sometimes causes authors to flag the IFs of the 

journals in which they have published. However, the IF merely conveys a computed 

average for the entire journal and cannot be used as an indicator of the impact or quality of 

an individual publication (McNutt 2014). 

Impact factors vary considerably across fields. First, citation practices vary from field to 

field. In some fields it is important to cite a broad range of recent literature, while in others 

it is valued to cite only a few classic publications. Second, how quickly published articles 

are cited varies, and therefore the fixed two-year window favors some fields over others. 

Further, citations are only counted from journals included in the WoS, and this favors 

English-language publications over non-English language publications, as well as the 

natural and health sciences over the humanities and social sciences. This all contributes to 

the differences in what is considered a high or a low impact factor. For example, in medicine, 

some journals have IFs above 50; in philosophy of science, they rarely exceed 1.9 

The impact factor can also be manipulated in several different ways (Falagas and Alexiou 

2008; Archambault and Larivière 2009). Increasing the share of review articles, publishing 

those articles that are most likely to receive citations in the first issue of a volume, or having 

articles online for a long time before print publication and final volume assignment are all 

editorial strategies that can be used increase the impact factor of a journal. Encouraging 

authors to cite recent papers from the journal is another way in which editors may improve 

the impact factor of their journal. 

                                                 

9 Several attempts have been made to provide journal rankings that can adequately include journals in the 
humanities and social sciences, including the European Reference Index for the Humanities (ERIH). However, 
the validity and reliability of this categorization of journals have been questioned (Adler and Harzing 2009), 
and a large number of journals in the history of science protested against the ERIH ranking when it was first 
introduced (Andersen 2009). On a national scale, similar attempts at ranking journals into two or three tiers 
have been made in Norway and Denmark, but a comparison between the categorizations made in the two 
systems reveals substantial differences in how individual journals are categorized.  
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Citations and literature searches 

Citation numbers have also come to play a crucial, but largely invisible, role with respect to 

how scientific literature is located. When an electronic database or search engine is used for 

searching for scientific literature, the results of this search need to be displayed in some 

order. This holds whether the results come from a search engine that searches the internet 

broadly, such as Google Scholar, or search functions in specific databases covering, for 

example, a specific academic publisher or publications within a particular discipline.  

Many databases allow the user to choose between different ranking algorithms, for example 

whether they want results sorted by publication date, number of citations, number of 

downloads, or relevance. However, relevance is an elusive concept. Although most 

databases offer to rank results according to relevance, they rarely describe how the measure 

of relevance is computed. This leaves opaque for the user the basis on which individual 

publications have acquired their position on the list. For example, on the “About Google 

Scholar” web page (https://scholar.google.com/intl/en/scholar/about.html) it is stated that 

“Google Scholar aims to rank documents the way researchers do, weighing the full text of 

each document, where it was published, who it was written by, as well as how often and 

how recently it has been cited in other scholarly literature”. No further information is 

provided about how these various factors enter the ranking algorithm. Computer scientists 

attempting to reverse-engineer Google Scholar’s ranking algorithm have found that citation 

counts had the highest weight among the potential factors they examined, and that other 

factors included whether the search term occurred in the title and whether the article was 

published recently (Beel and Gipp 2009). On this basis, they concluded that Google Scholar 

is more suitable for finding standard literature than for finding recent trends or for finding 

publications advancing alternatives to mainstream views. 

https://scholar.google.com/intl/en/scholar/about.html
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As for other bibliometric measures, these rankings can be manipulated. For example, Beel 

and Gipp (2009) concluded from their studies of Google Scholar’s ranking algorithm that an 

article will be more retrievable in Google Scholar if its authors refrain from a strict 

terminology and instead alternate between as many synonyms as possible. 

 

Criticism of bibliometric indicators 

Indicators are variables used to measure a phenomenon by means of proxies when the 

phenomenon itself cannot be measured directly (Lazarsfeld 1958). In designing an indicator, 

it needs to be clear what phenomenon the indicator purports to measure, and the indicator 

must be sensitive to variations of the phenomenon being measured (see Gingras 2014a, b for 

details). However, for bibliometric indicators this has turned out to be highly complex. 

As described in previous sections, it is not well defined what the number of publications 

and citations measure. Although the number of publications is related to productivity in 

some sense, at the same time, as a measure of productivity, it has two important 

shortcomings: first, it focuses on quantity regardless of quality, and second, if productivity 

is to be understood as efficiency, it is unclear how to adjust for time or workload spent in 

producing the output.  

Similarly, although the number of citations is related to impact, importance or quality in 

some sense, at the same time, as an indicator it also has a number of shortcomings. First, 

citations indicate reception. In contrast, the quality of a publication or of a scholar is often 

understood as inherent quality that is independents of whether the publication has been 

received or the scholar has been noticed by others. Citations should therefore be seen as an 

indicator of impact rather than of quality. Second, even if understanding citations as an 

indicator only of impact, it is important to remember that impact reflects how scientific 

achievements are received. It is therefore also dependent on the recipients. For example, a 
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result that is ahead of its times may remain more or less uncited for a long time. Third, some 

achievements which have a high impact, such as, for example, new laboratory techniques 

or new experimental procedures, may have a very high impacts, but not necessarily be as 

highly regarded as new theoretical or conceptual developments. 

In general, indicators that correlate to some degree with the phenomenon they purport to 

measure may be useful for vindicating other observations regarding the phenomenon, or 

for investigating the phenomenon statistically in a large population. Their real shortcoming 

are their probabilistic nature when applied to the individual case. For example, the number 

of publications and citations may be used to investigate gender differences in how rewards 

are distributed within a population (see e.g. Wennerås & Wold 1997; Larivière et al. 2013), 

but it is difficult to use the number of publications and citations to prove bias in the 

individual case – although examples of such cases have been seen (Wade 1975).  

A separate line of criticism concerns the adverse effects of using bibliometric measures to 

assess scholars. The increasing focus on the number of publications and citations when, for 

example, distributing research grants or selecting candidates for positions, produces a 

strong incentive for scholars to boost these numbers. The resulting "publish or perish" 

culture is often seen as a driver for questionable research practices such as salami 

publication, duplicate publications, and gift authorships (Anderson et al. 2007; Franzoni et 

al. 2011), or for participation in "citation rings" in which authors mutually credit each other's 

work (Biagioli 2016). For some, this just calls for metrics that are more detailed. For example, 

examining the increase in the number of authors who publish more than one publication 

per week on average, Ioannidis et al. (2018) have argued that "if adding more authors 

diminished the credit each author received, unwarranted multi-authorship might go down". 

Others seek solutions in which qualitative information is brought back into the assessment 

procedure. For example, some research foundations and agencies ask applicants to 

supplement the traditional publication lists with a selected list of the 5-10 most important 
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papers, or to provide a description of the most important scientific achievements that a 

scholar has produced during his or her career.  

Due to these shortcomings of bibliometric indicators, scholars from history and philosophy 

of science (e.g. Gingras 2014a), from mathematics and statistics (e.g. Adler et al. 2009), and 

from scientometrics, science policy and related fields (e.g. Hicks et al. 2015; Stephan et al. 

2017) call for caution in using bibliometrics for the assessment of individual researchers or 

individual institutions. Finally, in reaction to the increasing use of bibliometrics in hiring 

and promotion cases, scholars from various fields have taken initiatives to produce 

recommendations and guidelines that institutions can accede. Thus, the San Fransisco 

Declaration on Research Assessement (DORA) presents a set of recommendations for 

agencies, institutions, and researchers regarding the use of metrics in research assessment, 

including being explicit about the criteria used in evaluating the productivity of individuals, 

using a broad range of impact measures and considering the value of all research outputs, 

and highlighting that "the scientific content of a paper is much more important than 

publication metrics or the identity of the journal in which it was published" (see sfdora.org). 

Similarly, the Leiden Manifesto for Research Metrics present ten principles to guide research 

evaluation, including that indicators should never substitute informed judgement, but that 

quantitative evaluation should be used primarily to support qualitative, expert assessment 

(Hicks et al. 2015). 
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