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ABSTRACT 
During the spring of 2020, teaching laboratories worldwide were closed and teachers quickly prepared 

online substitute activities. This study investigates the students’ experience of the substitution of 10 

laboratory teaching with theoretical activities in an instrumental analytical chemistry course in the 

students’ second year of study. 12 students were interviewed about their experience of the online 

teaching activities and their perspectives on what happens to their learning experience when the 

laboratory disappears and is replaced with theoretical online activities. Interviews were conducted 2-3 

weeks after the lockdown of the teaching laboratories. Transcripts were analyzed with inductive 15 

interpretative thematic analysis with a focus on students’ conceptions of the role of laboratory 

teaching in quality learning. The results show that the laboratory experience and the close connection 

to teachers in the laboratory setting plays an important role for the scaffolding of students’ learning 

through dialogue and feedback. The analysis is informed by the description of the laboratory as a site 

for text production. It shows the role of the teaching laboratory in shaping embodied understanding of 20 

the scientific knowledge production process through series of transformations.  

KEYWORDS 
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INTRODUCTION 

Since the 19th century laboratory teaching has been a part of the university science curriculum. 25 

Experimentation is a central part of science and therefore many consider it self-evident that engaging 

in laboratory work should be a part of science education1. However, it is important to distinguish 

between doing science and teaching science. Evidence for the quality of teaching and learning in the 



  

Journal of Chemical Education 12/12/22 Page 2 of 22 

laboratory is ambiguous2,3. The reported learning outcomes from laboratory experiences are 

multimodal and manifold, so are the stated aims of laboratory teaching and learning3,4. Broadly, 30 

laboratory teaching at the university level is conceived to contribute to developing students’ subject 

learning as well as providing students with practical skills, scientific skills and general skills, but 

these potentials are not realized automatically4. Some studies show that students in laboratory 

courses did not perform any better on examinations than students who did not participate in 

laboratory courses5 and clarity of goals and appropriate assessment formats seem to be a condition for 35 

realizing the potentials. Much research on outcomes of laboratory work have focused on secondary 

education and at university level the focus has been on teachers’ goals for laboratory teaching6 and 

not on the actual student outcomes.  

In a recent systematic literature review7 on students’ learning outcomes from university laboratory 

courses in the chemical sciences, the multidimensional and diverse learning outcomes are confirmed 40 

also for university teaching. The analysis of empirical research studies generated evidence for five 

clusters of learning outcomes including experimental competences, disciplinary learning, higher-order 

thinking, transversal competences and affective outcomes. However, the problem about this 

multidimensionality is that the aims of laboratory courses are conceived differently by different 

teachers and this leads to confusion and misalignment between students’ expectations and faculty 45 

goals8. Further, laboratory exercises are not always well designed; often they are packed with exercises 

and become for the students a “hands-on” activity without the necessary time for “minds-on” 

reflection. Laboratory courses are expensive compared to many other teaching formats such as 

lectures or classroom teaching. To legitimize the amount of staff-hours, chemicals, equipment and 

space needed for laboratory teaching, authors call for more evidence for the importance of laboratory 50 

courses1,9.  

In the spring of 2020, a rather unwelcome opportunity presented itself as COVID-19 closed the 

universities. At the time, we were engaged in a longitudinal study of students’ conceptions and 

approaches to laboratory teaching and for the remainder of the semester all teaching, including 

laboratory teaching, was changed to online formats.  55 
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The students we followed in our longitudinal study, participated in an analytical chemistry course. 

The data previously produced in the laboratory by the students themselves was now replaced by data 

delivered by the teachers via the Learning Management System (LMS). At the time of lockdown, the 

students had participated in about half of the course and had gained familiarity with the laboratory. 

The unusual situation opened an unexpected opportunity to expand our study with additional 60 

interviews with students on how they experienced the difference between learning from laboratory 

teaching and a teaching format where the laboratory experience was missing. Thus, our interest in 

students’ conceptions of and approaches to laboratory work could now be supplemented with 

students’ perspectives on the contrast experienced between doing laboratory work and working with 

the subject matter in “dry” settings – and students would be able to elaborate on their perspectives on 65 

the role played by laboratory work for their learning. 

RESEARCH QUESTIONS 
The aim of this study is to explore the students’ experience of the change from laboratory 

teaching to online theoretical teaching with respect to the origin of data, data handling, report writing 

and feedback. We are interested in how the students experienced the change from onsite laboratory 70 

teaching activities to online teaching activities and what this can tell us about the students’ 

perceptions of the teaching laboratory. Thus, we want to answer the following research questions: 

• How do students experience the replacement of laboratory teaching with theoretical teaching? 

• How can these experiences shed light on the role of laboratory teaching in the students’ perception 

of quality learning? 75 

THEORETICAL FRAMEWORK 
The present study was highly explorative in nature and we sought to understand the student’s 

experiences. From our analysis we found that the laboratory is important for the students in two ways. 

On the one hand it provides students with an epistemological perspective on how knowledge is created 

as part of a scientific work process and on the other a pedagogical perspective related to how the 80 

student’s understanding develops and is supported in the process through feedback. To theorize our 

understanding of the epistemological importance we have based our analysis on a description of the 

research laboratory as a place for text production and transformation of texts as described below. 
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Further, to understand the pedagogical importance we have built our analysis on theories of feedback 

and scaffolding. 85 

The laboratory as a place for text production for explanation and deeper understanding 
The sociologists of science Latour & Woolgar10, have provided a thoughtful anthropological 

account of the workings of a research laboratory. They describe how researchers alternate between 

laboratory workbench and literature studies in the offices and how material samples brought into the 

laboratory undergo transformations and are represented in different ways as part of the experimental 90 

process, aided by the use of measurement apparatus and technological tools. The data the scientist 

are considering stem from operations such as assays, reactions, and different measurements. These 

are manipulated further by the scientists to demonstrate relations to theoretical models, literature 

findings etc. The data output from measurement devices is described by Latour & Woolgar as literary 

inscriptions and take the form of numerical or graphical outputs, e.g. data points, peaks, marks, and 95 

numbers. The instruments producing the literary inscriptions are referred to as inscription devices. 

Thus, they describe the laboratory as a site of text production in which a series of transformations of 

texts take place. The texts produced in the laboratory comprise a broad group of representations of 

phenomena such as pictures, numbers, tables, figures, graphs and prose texts. Together, the series of 

texts produced in the laboratory provide support for the comprehensive arguments in the journal 100 

articles that the scientists produce. In order for the arguments in these articles to be convincing, the 

literary inscriptions and interpretations of these must reflect somehow the phenomenon under 

scrutiny. Thus, when a literary inscription is produced, it retains – at least in the minds of the 

scientists - a strong causal link to and significance of the sample under scrutiny. 

We have transposed Latour and Woolgar’s description of a research laboratory as a site of text 105 

production and transformation of texts to the teaching laboratory. In both cases the production and 

transformations of texts are supported by inscription devices and literary inscriptions. Like the 

scientists in the research lab, the students in the teaching laboratory are involved in similar series of 

transformations of “texts”, while maintaining the “causal connection” to the phenomenon studied. 

Obviously, their resulting work are not presented to anonymous peer-reviewers in journal, but their 110 

reports are also presented for assessment to experts: their teachers.  



  

Journal of Chemical Education 12/12/22 Page 5 of 22 

Feedback and scaffolding 

The laboratory is a special learning environment where there is much potential for formative 

feedback to the students. For formative feedback to be of high quality the timeliness of formative 

feedback is considered to be of great importance11. When the feedback is not timely, it interrupts the 115 

workflow, becomes time consuming and may be conceived as irrelevant. Further, timely feedback and 

elaboration on the answers is important. Only providing the students with knowledge on the answer 

was correct or incorrect can lead to demotivation, rather elaborating on the answers is important in 

providing formative feedback12,13. Time to engage in dialogue is important, as dialogue is important to 

support effective formative feedback14. The interaction that occurs in a dialogue plays an important 120 

role in scaffolding the students’ learning15. Scaffolding can be described as the help and guidance 

necessary for learning. Scaffolding is closely related to the theory of the zone for proximal development 

introduced by Lev Vygotsky16. If the comfort zone, representing the already acquired knowledge and 

skills, is seen as the center of three concentric circles, the second circle is the zone for proximal 

development, and the third circle represents a zone out of reach for the learning. To learn, the student 125 

must move from the comfort zone into the zone of proximal development. Hence, scaffolding is used to 

describe instructional techniques teachers or peers apply to help students to move into the zone for 

proximal development and thereby achieve a stronger understanding and a greater independence in 

the learning process17. When the students do not understand the given feedback or do not receive the 

proper help or guidance, they are not reaching their full learning potential18. Proper scaffolding 130 

demands that the teacher understands the gap between the students’ present and expected level of 

knowledge/competence19. 
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CONTEXT OF STUDY 135 

The curriculum of the Pharmacy education at University of Copenhagen (UCPH) includes 

several laboratory courses in the bachelor education; about a third of the students’ scheduled 

activities is laboratory teaching. The study object is a course in Pharmaceutical Analytical Chemistry 

which is followed by the students in their second year. The course focuses on drug analysis based on 

instrumental methods. Details on the course are presented in Box 1. In the laboratory setting, two 140 

classes of approximately 25 students are present at the same time and each class is followed by a 

teacher. At least one of the two teachers present is an experienced associate professor. During the 

laboratory exercises, the students have ample time for preparation, reporting and answering study 

questions for the reports. Thus, next to the work benches are study tables where students can work in 

Box 1. Description of the course Pharmaceutical Analytical Chemistry 
 

Placement: 4th semester compulsory course (approx. 200 students in 8 classes) 
Scope: 7,5 ECTS  
Format: 19 lectures, 72 hours of laboratory work (16x4 hours sessions in groups of 2-3) 
Assessment: 3 h written exam, laboratory work is marked passed or not passed based 
on 8 reports 
 
Course material: English textbook, Danish laboratory instructions, Danish summary of 
core content.  Available on learning management system (LMS): Lecture videos - lecture 
slides, compulsory quizzes, and report schemes (for recording measurements, study 
questions etc.) 
 
Analytical Methods worked with in the course: Liquid chromatography (HPLC), gas 
chromatography, UV-VIS spectrophotometric detection, - mass spectrometry 

 
Content: Analytical principles, quantitative determinations, validation, data analysis, 
critical assessment of results, plan experiment from pharmacopoeia 
monography/standard 

 
Central learning objectives for the course:  Choosing appropriate methods of analysis 
for pharmaceutical problem and conducting experimental analysis using appropriate 
calibration method. Adjusting experimental conditions and validating method employed. 
Critical data treatment and precise reporting. 
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groups on analysis of their findings, study questions etc. The teachers are available for help with 145 

practicalities, answering questions, and discussion. Corrected reports from previous exercises are 

handed back in the laboratory and oral feedback is given concerning students’ answers and 

discussions can be initiated either by students or the teacher. In the online format during lockdown, 

students wrote their reports in groups, based on data from the exercises provided by the teachers on 

the LMS. Extra explanatory material in video format was provided, explaining how the data should be 150 

understood. Students handed in the reports by e-mail and teachers returned the reports with written 

feedback as comments (and/or proposals on where to find theoretical explanations) in the document.  

DATA AND ANALYSIS 
Twelve students were interviewed online in Microsoft Teams during April 2020. The students 

had experienced the ordinary teaching from the beginning of February until the lockdown in mid-155 

March. The focus of the interviews was the students’ experience of the online teaching situation 

compared to the regular teaching in the laboratory they had experienced. All students had given 

informed consent to participating according to the GDPR rules of UCPH. Prior to the interview, 

students filled in a short survey to inform the interviewer about their progress in the course and 

whether they had received feedback on the reports. The interviews were semi-structured20 and focused 160 

on the themes: preparation for lab, support, group-work, feedback on reports, the experience of 

learning outcomes, and experienced variation in their everyday life. Survey questions and interview 

guide are provided in the supporting information. 

The interviews were recorded, transcribed and then coded using inductive interpretative 

thematic analysis21. The first step was to familiarize our self with the data; after reading the 165 

transcripts, initial themes were determined between the authors. The first author then coded all 

transcripts after these codes. To secure agreement between the authors, the codes were discussed 

among the authors after re-consulting the transcripts. This discussion lead to a redefinition of three 

overarching themes followed by a re-coding of the transcripts into these themes by the first author. 

One theme was concerned with the general experience of the lockdown and is not reported here. Two 170 

overall important themes were discerned: “contact to the teacher” and “when lab is missing”. Compared 

to the previous interviews we had conducted, it was striking how similar the students’ experiences of 
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the change in teaching mode were and how they were overall in agreement about the detrimental effect 

on their learning experience. Hence, our focus in the analysis was to elucidate general experiences 

caused by the change in teaching format (as a result of the laboratory closing) and the variety within 175 

the overall themes considered. With our research questions in mind and through several iterations of 

analysis and refining, we arrived at the resulting themes. All interviews were conducted in Danish, so 

the quotes presented are translated from Danish. The translations have focused on providing an 

accurate rendering of conceptual meaning expressed in the interviews. Further, the translations have 

been discussed among the authors in relation to the full interviews until consensus on the English 180 

wording was reached. 

RESULTS  
The students generally expressed a feeling of missing out on something when they were not in 

the laboratory and did the experiments themselves. The importance ascribed to the laboratory 

teaching falls in two categories which we describe as pedagogical and epistemic importance, 185 

respectively. In the following presentation and analysis, we present quotes from the interviews followed 

by analysis.  

Pedagogical importance of laboratory activities for learning: The quantity and quality of feedback  
The students describe that the close and informal contact with the teachers is lost in the online 

teaching activities, because the teachers were less available for questions, feedback and discussions 190 

compared to the face-to-face laboratory teaching activities, where they are available for questions and 

guidance throughout the day. Assistance for progress in the report writing was not available when 

needed and the barrier for seeking help was perceived as challenging. The experienced barrier 

concerned both the accessibility of the help, but also the conceptual difficulty of asking the proper 

questions. While the instruments are producing data in the lab, students have time to start their 195 

report writing, answer the “study questions” in the report scheme, and teachers are accessible for 

help. When changing the laboratory teaching to online theoretical activities, communication with the 

teacher become delayed and asynchronous. The experience is described by these students: 

“[..] when you are in the lab you can just ask [the teacher] right away and then you get an 
answer right away. But when you write an email and then maybe get an answer a couple of hours later, 200 
or the next day, then maybe you have forgotten… When you are in the situation, you have a clear sense 
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of what you don’t understand – but when you read it again the day after, then you have to understand it 
anew, and then it takes a long time, right?” (D07) 

 
“But it is as if you don’t get the help in the same way, because it is just not as accessible.” (D05) 205 
 
When the help is delayed, the quantity of feedback provided to the students decreases because 

of the limited the accessibility of the teacher; not least because the students are not seeking the 

feedback to the same degree. The first quoted student expresses frustration related to the delayed 

response from the teacher highlighting the importance of timeliness.  210 

The second aspect of the experienced barrier for getting help is concerned with the students’ 

ability to formulate questions. This is described by this student:  

“I think everyone in the group feels that it is harder to make the effort to write to a supervisor. 
You really feel you have to phrase it right and really know exactly what it is you want to ask. [..] I don’t 
know many who’d like to do that, compared to when you’re in the lab where you’d just ask. In the lab I 215 
feel it is much more normal just to go and ask [the teacher].” (D09)  
 

In the teaching laboratory, communication between teacher and students occurs also through 

body language and gestures used to designate what one does not understand. Thus, it is not 

necessary to ask eloquently formulated questions. The student might simply point to something and 220 

have the teacher elaborate on what is being seen. In the ensuing discussion, the teacher can help to 

formulate the question. In the online teaching environment, the students are deprived of  this help in 

formulating questions and this may keep students from asking questions that they would have raised 

in the laboratory setting. This may also keep students from following up on the written feedback they 

received on the reports:   225 

“Obviously we can always write back [to the teacher] and ask questions but you just don’t do it 
because perhaps you don’t know which questions to ask, if your report it just ‘passed’. But it is a pity 
that you don’t get more elaborate feedback on your work.” (D09) 

 
The student here describes that feedback from the teacher may be available, but the possibility 230 

is not used. This also touches upon the quality of the feedback. The students experience that the 

formative feedback on their reports is not sufficiently elaborated in the online format. When teachers 

give back the corrected reports in the laboratory, written feedback can be supplemented by a 

discussion of the students’ answers and the rationale behind and students have the opportunity to 

ask questions, regardless of the pass or fail status of the report. In the online format the students get 235 

primarily summative feedback, supplemented with correct answers or references to theory. If the 
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report is marked passed, the students do not follow up on the comments the teacher has written and 

hence do not go into details of their answers.  

This student describes the process of the feedback situation in the laboratory setting:  

“There were some specific questions [the teacher] had selected, that we talked about and [the 240 
teacher] asked what we thought and what else you could have done and so on. So, you got to talk about 
it instead of just writing it down. It gives you a better understanding of the subject to put your thoughts 
into words, or at least I think so. And also to unfold the thoughts behind the answers we have given. 
And then the discussion goes back and forth until [the teacher] [..] was sure that we had a good 
understanding of it. And then [the report] is accepted in the end. But I feel we had more of a dialogue 245 
about it.” (D09)  

 
The students and the teacher discuss unclear points and elaborate together on the answers 

given in the report. This enables the teacher to catch possible misconceptions and help the students 

along. This dialogue with the teacher is highly valued by the students. The students are very 250 

conscious about the elaboration they get on their answers in the laboratory. Further, the teacher’s 

questions promote the students’ learning through the discussion:  

“[in the lab] there is no distance between you and the teacher and there is not the same … When 
you have a dialogue about something you often start wondering… [..] There’s not a dialogue in the same 
way now.  Maybe you realize: “Wow! I had understood this in a different way or [..] the teacher [..] 255 
elaborates on something which makes you... that I can... which makes me think of other things or 
connect pieces... I might relate it to another exercise or … you know.... It just sparks [..] your reflections 
and thoughts and experiences in general.” (D15) 

 
Dialogue is here seen as an important means to support effective formative feedback. The 260 

student points to the fact that the dialogue sparks reflections and connect new concepts to earlier 

experiences. The interaction is scaffolding the student’s learning. In the online format the process of 

scaffolding is much more difficult, because the dialogue intended to scaffold the learning process is 

missing. Here a student describes the scaffolding process that happens in the laboratory and the lack 

thereof in the online format:  265 

“In particular, when your supervisor confirms what you’ve done, or if you … when you pose a 
question and [the teacher] says ‘Yes, sure, that seems …’ and ‘it is fine results, it looks good’ and so on. 
So, you are confirmed that you are on the right track and this is not the same when you are at home. 
Then you have to judge yourself whether you are totally off-track or not, right?” (D07) 

 270 
The small hints, confirmations and encouragements from the teachers help the students stay 

in the zone of proximal development. When deprived of the dialogue the students express giving up 

more easily or spending unnecessarily long time on small details.  

Epistemic importance: The role of the laboratory in establishing structure for understanding 
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We used the theoretical framework of transformations in the research lab described by Latour 275 

and Woolgar10, to describe and understand the teaching laboratory. To briefly summarize, they 

describe the laboratory as a place for text production, where inscription devises produce literary 

inscriptions that scientist interpret and compose to scientific arguments for the scientific community. 

An example of the series of transformations in a laboratory task is given in Figure 1, here based on 

one of the actual exercises in the analytical chemistry course under scrutiny. While the students in 280 

our study obviously do not use the terms of literary inscription and inscription devises suggested by 

Latour & Woolgar, it is clear from the interviews that the gradual textual transformation of findings at 

play in the laboratory setting is a crucial element of their learning experience in the laboratory – and 

something which they find is absent in the online activities that followed the lockdown.  

 285 

Figure 1 Transformations occurring during a laboratory exercise with the purpose of controlling the content of drug substance in commercially 
available tablets. The exercise encompasses all steps from interpreting the pharmacopoeia, planning the experiment, preparing samples, 
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performing HPLC analysis and data analysis and finally interpreting the results. The transformations are represented by numbered arrows. 
Some transformations involve inscription devices producing literary inscriptions (e.g., 5 and 8). Other transformations require interpretation (1), 
physical handling (6) or calculations (10, 11).  290 

 

Figure 1 describes examples of transformations occurring in the laboratory setting (e.g., 

transformation from tablet to measurable product, from product to measurement output etc.). In the 

subsequent online teaching, all the steps (1-8) leading to the literary inscription (the chromatogram) 

are bypassed. The students struggle to understand the absent transformations. This student explains 295 

how the focus changes and how the difficult parts of the exercises are conceived differently in the 

laboratory setting compared to the online setting:  

“I think that in the lab what you spend most time on … [for instance] we had to prepare some 
solutions. Which ones should we be measuring on? Not so much on the data that comes out of it. – 
Because that has been easy. You could see that afterwards: ‘Ah, ok, there was a step before this, which 300 
was the hard one.’ Whereas now the hard part is to understand what ‘this data thing’ is in the first 
place” (D15) 

 
The relationship between phenomenon and ensuing data is clearer in the laboratory and it is 

easier to understand the origin of the data compared to when data was just provided. Also, the 305 

considerations of the practical aspects were completely absent in the online activities. This hinders the 

student’s understanding of the content, as described by this student: 

“I think it is because you don’t understand the subject matter in the same way [..] You don’t have the 
same kind of understanding of what happened, what it is you are measuring and you… you just spend 
a lot of time trying to understand what is going on”. (D05) 310 
 

Performing the experiments themselves enables the students to engage in and comprehend the 

transformations of texts in the laboratory and thereby see the connections and understand the causal 

relationship between phenomenon, experiment and data. In the online setting, despite the 

instructional videos, the process of building an argument based on knowledge of the origin of the data 315 

becomes much harder. 

Embodied structure 

In relation to the description of transformations in the laboratory as described above, we found 

that the students experienced that the presence in the laboratory provided them with an embodied 

structure.  The students described the importance of the being physically present in the laboratory in 320 

the specialized environment of the laboratory – with all of their senses at work. The embodiment 
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experienced by the students is related to the physical embodiment described by Kersting and 

collegues22. Two students describe the role of being physically present in the laboratory vs. the online 

situation in the following ways: 

”It think it is just that you didn’t have that visual aspect and that part where you actually have 325 
your hands-on. Your body hasn’t been engaged in the same way as when we are in the laboratory [..] 
..then you also remember the experiences you had down there. I think it is something different just to sit 
down and write an assignment” (D09) 

 
“It is difficult to separate because there is no...what can you say... impressions or experiences 330 

that I can relate it to.” (D15) 
 
It appears, that the experience is important for the students in providing an embodied 

structure to their learning experiences23,24. It also helps the students to distinguish between the 

different exercises: 335 

”It’s like… you can’t really handle it when you don’t try it yourself… and experience ‘oh yeah… 
now I see… if you raise the temperature then this happens’ and … well… knowing how sensitive the 
way you inject is” (D02) 

Across the interviews it seems clear that the embodied laboratory activities have a crucial role 

in providing structure in the students’ understanding. However, there are different ways in which 340 

embodiment provides structure to the students’ learning process. In the following we will distinguish 

between three different ways in which the bodily experience can help structure the students’ meaning 

making process; temporal, narrative and causal structure. We illustrate them by quotes from the 

students.  

Embodiment may provide temporal structure to the learning process. The temporal structure 345 

provides a direction of time in the laboratory experience. In the online setting the students experienced 

that the laboratory process disappears and that the temporal aspect was somehow reversed: 

“But when we are not doing it and we only deal with it theoretically [e.g., being online], then 
maybe it is not so important if you understand exactly how the process works. [..] You just solve the 
problems that are related; you don’t have to perform it. [..] I think the whole laboratory process is 350 
missing, where you end up with your own data and you understand ...ok, that’s why the graph looks as 
it does. Because you start… What I really like about the lab is that you start from the beginning and then 
build it up and you end up with some final result. While here you get the final result and then you have 
to work backwards and find out: Ok, how did that happen?” (D06) 

 355 
While being able to “work backwards” is certainly a relevant competence to achieve, it is 

considerably more complicated to do and the overview of the laboratory process from beginning to end 
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is lost. The student expresses the need of this overview for understanding why and how the data 

appeared. 

The embodiment may also provide a narrative structure – a kind of storyline that connects the 360 

theory and practice and in which the students play an active role. A narrative structure may help the 

students to distinguish the purposes of different exercises from each other and make valuable 

connections between theory and practice. When students do not experience laboratory exercises, they 

can miss the “plot” of the exercise altogether, as described by this student:    

“It is a bit vague what we really knew… For instance, the one [exercise] where we quantified 365 
vitamins in vitamin pills – we didn’t even know that was what we did! That it was vitamin pills! So, you 
don’t really get the essence of it. You might understand the theory but the point of the exercise…no one... 
we didn’t understand it.” (D07)  

 
This is a clear example of the theory and practice disconnecting as the laboratory disappeared. 370 

When the students produce the data themselves after dissolving the tablets, they hold the glass of 

vitamins in the hand and the purpose of the exercise to quantify the content of vitamins in the tablets 

becomes obvious. The students express a feeling of deeper connection to the data when they have 

adjusted the instruments themselves and observed the transformations and procedural steps in the 

production of the literary inscriptions and the ensuing transformations.  375 

Importantly, the embodied experience may also provide a causal structure when students are 

involved in the manipulation of apparatus and observe the effects of their manipulations. When 

students are provided with data to analyze rather than producing the data for analysis themselves, the 

whole series of transformations that go before are missing: 

”When you sit there, with a given dataset, then it is not certain that you understand why it looks 380 
like that or what they did to arrive at that.” (D07) 

 
“Then you have to figure out [..] Where do the numbers come from? Which process has the whole 

thing gone through. When you haven’t done it yourself it is just… firstly, it is somewhat harder to 
understand because you haven’t done it yourself and it is also more difficult to remember.”  (D05) 385 

 

Thus, the students have to imagine through which processes and transformations the data 

were produced. And even if they succeed in figuring out and understanding the connections, they 

experience the understanding gained as of a more superficial and shallow level. This contrasts with 

the laboratory situation where the student is experiencing the causal effects firsthand: 390 
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“It is when you have to do the settings yourself and see what actually comes out of it and what 
happens. That just gives you a much better understanding than just being told how things are 
proceeding.” (D09) 

 
When working only theoretically, the data and the phenomenon may become detached from 395 

each other and the causal connection between data and phenomenon may disappear. One student 

describes how analyzing handed-out data resembles a meaningless game, when the entire exercise 

was meant for performing it themselves:   

”Well… I think that what we are doing now; it’s like we’re playing. We pretend that it happened, 
or theoretically it happened, whereas when we have been in the lab then it is something that actually 400 
happened and actually can happen! Then it’s not just something that can happen hypothetically or we 
think, that’s what happened. Then we more or less know if it is true.”  (D10)  

 
When the students do not engage in and observe the experiments themselves, they lose the 

sense that the data represents something real – the data come across as “model data” rather than as 405 

“actual data” that they themselves had a hand in producing. The students are not as such questioning 

whether the data is/are real, but not having been active in production of the data changes their 

conception of the relevance and status of the data: 

“I am well aware that it is real data, but I think the understanding and overview of what you are 
doing is being lost a little.” (D10)  410 

 
The interviews show that the students prefer to produce the data themselves. Not because they 

think the data becomes better, but because engaging in all the transformations the data undergo in 

the laboratory process, gives more of an ownership of the findings. It also helps them in the process of 

identifying problems and mistakes compared to the theoretical situation: 415 

“It’s a bit more difficult to understand what the data is and if some things are not quite right then 
it is difficult to figure out where the mistake is because you haven’t done it yourself. I would definitely 
prefer to do produce the data myself compared to just getting it because I think it’s more difficult to get 
an overview. Before you start you spend much time on where data originates, what part belongs to 
what, and what the data means.” (D09)  420 

 
Laboratory experience is important for developing the students’ epistemic knowledge about the 

complex relationships between the phenomenon, experiment, model and data. The students 

experienced that the embodied experiences in the laboratory provided them with important ways of 

acquiring knowledge and understanding how experimental knowledge comes about. The interviews 425 

also indicate that the physical interaction with the inscription devices and the phenomena in the 
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laboratory promoted their understanding of the epistemic status of the literary inscriptions produced 

by the devices and the relationship between the textual inscriptions and the phenomenon studied.  

DISCUSSION AND IMPLICATIONS 
A central finding has been the importance of feedback from teachers in the laboratory setting. 430 

Adequate time for formative feedback allows for timely feedback and in this course, there was ample 

time for students to engage in dialogue with the teachers in the laboratory setting. Shute14 points 

out that effective and useful formative feedback depends on motive (perceived need), opportunity 

(timeliness) and means (willingness to use the feedback). According to the students’ description of 

their experience, all these points were fulfilled in the laboratory setting, but not in the online 435 

environment that followed the lockdown. Working online, the students lacked primarily the 

opportunity – and when the opportunity finally arrived, the students had often lost the motive or the 

means.  

As for the epistemic importance of the laboratory learning experience, our results indicate that 

being in on the entire process of creating knowledge through transformations is a central outcome of 440 

laboratory learning for the students. We have seen that “being there” physically through the 

consecutive steps of the laboratory process was conceived as important for the students.  

In the analysis we have applied the perspective of Latour and Woolgar21 describing a research 

laboratory and have argued that the basic ideas can also be applied to the teaching laboratory. The 

description of the transformations of materials and representations happening in the laboratory are of 445 

central importance and occur in both types of laboratories. To be sure, students in the teaching 

laboratory are not as familiar with the laboratory and the instruments as researchers. They are still in 

the process of understanding the function of the inscription devices and the scientific concepts 

involved. Hence the students work with established procedures and more straightforward experiments 

compared to the more explorative research experiments – at least in most undergraduate laboratory 450 

courses like the one considered here. Still, students in the undergraduate teaching laboratory can be 

said to mimic aspects of the laboratory processes also taking place in research labs. They observe, 

engage in and follow the samples into literary inscriptions and subsequent transformations – and they 

discuss their findings at the various steps of the process. Thus, the experience of operating the 
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instruments and engaging in the transformations of data is an important part of the learning and 455 

understanding the causality of experiments and the role played by experiment in scientific processes.  

So far, we have considered the pedagogical and epistemic importance of laboratory teaching as 

two separate themes. However, the two themes could also be seen as two sides of the same coin. The 

day-to-day scaffolding of the students’ learning in the laboratory through dialogue with instructors is a 

key feature of most laboratory work and indeed it may be something of a necessity in order for 460 

students to successfully maneuver in the complex learning environment. Indeed, scaffolding is also a 

prerequisite for the students’ learning about how knowledge is established through experimental work. 

The dialogue, feedback and prompts from the teacher, formal as well as informal are important for the 

students’ experience of developing scientific judgement, that is, the students’ ability to evaluate the 

validity of their own and others’ results. This also includes identification of errors and gaining 465 

experience with practical complications or strange results due to errors or mistakes either made by 

themselves or the instruments. Making a “good report” is not just about getting the right results 

according to some scientific standard (assessed by the teacher). It is also and crucially, about 

understanding the various steps involved in the process, so you may trust the results you have 

obtained through the series of transformations occurring in the laboratory process. Indeed, it is very 470 

often in the transformation of representations that students need the help from the teachers and 

fellow students – to make sure that they are interpreting or presenting results in an adequate and 

acceptable manner. It is about teachers and students trusting the results obtained and interpretations 

made and about agreeing on how the findings can be described. From this perspective, the feedback is 

not just a pedagogical tool or a question of pedagogy, but also about conveying to students how 475 

experimental knowledge is and should be established and validated – it is about inter-subjectivity and 

transparency of experimental results. Key findings and implications of this study are found in Table 1. 

Table 1: Summary of key findings and implications 
Key findingsa Implicationsb 

Elaborate and timely feedback Plan face to face feedback sessions and more time for 
experiments 

Contact and dialogue with teacher Importance of TA’s or teachers role in scaffolding students 
scientific judgement – staff and TA education 

Experience of transformations of materials and 
representation 

Students should participate in all aspects of experimental 
procedures 
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Embodied structure Difficult to gain embodied structure from online activities – 
students need access to laboratories 

 

LIMITATIONS 

 As the Pharmacy students spend many hours in the laboratory, it is not surprising that they 480 

experienced missing out of something when the teaching laboratories closed. Moreover, the abrupt 

change in the students’ study routines caused by the lockdown was obviously generally conceived as 

unwelcome by the students. The change was just as abrupt for the teachers who had to reorganize the 

course on a very short notice; given more time to prepare, the teachers could (no doubt) have afforded 

a more fruitful online learning experience than what could be accomplished in the overnight change 485 

that had to follow the lockdown. This is also why our focus was the students’ conceptions of quality in 

relation to the laboratory work they experienced, and not on the online experience. Furthermore, as 

our recruitment took place via a lecture with only around half of the students present, we recognize a 

certain sample bias. The type of students that volunteer to be interviewed may not be representative 

which also restricts the diversity of our sample. No data on the students’ academic performance or 490 

attitudes was collected, so it is not possible to determine if the recruited students are representative. 

CONCLUSION 
Our study shows that the laboratory teaching experience is an important factor in pharmacy 

students learning experience. The students experienced a lowering of their learning outcomes when 

laboratory activities were changed to online activities as a response to the COVID-19 pandemic.  An 495 

important reason seems was the lack of opportunity and time for dialogue and the scaffolding of their 

learning through discussions with the teachers. 

Students stressed the importance of the embodied experience as a key factor in their laboratory 

learning and we found that the embodied experience provided students with ways of structuring their 

learning experiences temporally, by providing narrative or causal structures.   500 

Producing and analyzing data themselves was conceived by the students to be an important 

element in the students’ learning experience in the laboratory. We have argued, based on Latour and 

a: Central characteristics of learning in the physical laboratory. b: Factors to consider when planning physical 
laboratory work 
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Woolgar’s21 description of a research lab, that the teaching laboratory can be considered a site for 

production and transformation of texts aided by inscription devices. If the overarching aim of 

university laboratory teaching is for students to acquire familiarity with such transformations, then 505 

online activities where students are provided results to analyze may be considered a fairly poor 

substitute. 
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