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This study purports to explore how apprentices in microbiology, through 

interaction and multimodal activities, acquire the knowledge and skills that are necessary 

for doing scientific experiments. It aims to examine the ways novices learn to scrutinize 

and discuss the data under investigation, how experts communicate scientific knowledge 

about microbes to novices, and how experts and novices together create new scientific 

knowledge during the apprenticeship. Furthermore, this study aims at explaining the 

various ways narratives contribute to the socialization of the apprentice into the 

workplace and the scientific field, and how stories help retain knowledge, gained in one 

situation, to be used in other contexts and situations. To achieve this aim, I videotaped 

daily activities in a small microbiology lab, focusing on detailed observations of experts 

and novices as they engaged in teaching and learning. I was especially interested in what 

kinds of innovative symbolic communication resources would be invoked during such 
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educational activities. In addition, I collected data pertaining to how the apprentice was 

socialized into this particular community of practice. I applied a ‘situated learning’ 

approach to the analysis of the instructional data, as well as discourse analytic and social 

semiotic methods of analyzing verbal and nonverbal, embodied interaction. I found that 

researchers, by using embodied and semiotic resources, created moments of shared 

participation between themselves and their scientific objects.  Likewise I found that 

gestures shaped objects and concepts, and brought these into an intersubjective space 

where researchers, tools, instruments, and concepts interacted in a collaborative 

architecture.  I named the specific literacy prevalent in scientific experimentation 

(reading and understanding graphs, diagrams, pictures, etc.) as ‘science literacy’, to 

distinguish it from the term ‘scientific literacy’, a general understanding of popularized 

scientific topics. Blurred boundaries were discovered between the living organisms and 

their semiotic representations whenever the expert and the novice referred to the living 

organisms in their discussions concerning graphs and diagrams. The researchers changed 

their terminology, depending on the bacteria changing from animate to inanimate status. 

Finally, I discovered the significance of contextual tellability in narratives functioning 

both as introduction to the workplace and as memory devices. 
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Chapter 1: Introduction 

 
 

The present study focuses on types of learning in a scientific environment, especially 

on the roles that language and other semiotic modalities play in scientific apprenticeship. 

It discusses how learning takes place in a particular microbiology laboratory, and how 

knowledge is transferred from expert to novice through interaction and embodied action in 

an environment of scientific and technological professionalism. The role of language is 

explored with regard to the formulation of scientific explanations, both in spoken 

everyday expressions, and in the interpretation of the ‘inscriptions’ (Latour and Woolgar, 

1979) resulting from analyses using sophisticated technological instruments. 

In the work, special attention is paid to the ways that the body and embodied actions 

supplement and enrich the communication between learners and teachers in the lab, and 

how meaningful social and scientific information is conveyed between experts and 

novices through the use of spoken, written, and embodied language. Exploring this 

multimodality and the accompanying embodied practices highlights the importance of the 

manual labor typical of scientific experiments, and emphasizes the significance of 

embodied action (for example, iconic gestures, visual explanation, alignment, and 

orientation) in learning experiences and in the production of tacit knowledge. Vision, the 

sense of seeing, is indispensable in experimental work; it is the privileged sense, but 

hearing, smell and tactility also play important roles in assessing the results of 

experiments.  
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The ability to interpret and understand instrument-produced charts and diagrams, 

computer-generated images, as well as living microbial beings growing on nutrients in 

Petri plates and test tubes is a skill that students of microbiology must acquire. These 

abilities are special forms of what is called ‘visual literacy’; the specific professional 

visual literacy that is integral to microbiology I have called ‘science literacy’. The visual 

images produced by different instruments conserve the otherwise ephemeral character of 

the scientific objects of experimentation (the bacteria) for future analysis. Experts make 

extensive use of such ‘visual scripts’ when instructing novices in the many procedures 

performed in the lab; the images greatly enhance the memory of the experiment itself 

(Knorr Cetina, 1999: 106) and become powerful instructional tools. The analysis of 

diagrams and charts is moreover accompanied by talk; thus, the various semiotic stages 

that microbial objects go through during an experiment represent multiple levels of 

textualization. By ‘entextualizing’ and ‘retextualizing’1 these stages, the scientists 

produce narratives in which the context and events surrounding experiments are brought 

to the attention of the novice in memorable ways. Because the narratives pertain directly 

to the training of the novice, the stories become highly ‘tellable’ in this specific context.  

Although most narratives seem to be work-related, they appear in many other 

contexts as well, especially in instances where experts relate experiences from their own 

learning processes to the novice. In addition, such stories told in social situations index 

workplace atmosphere and conviviality. 

                                                
1 These terms will be explained below, in Chapter 4. 
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When experts and novices engage in interpreting and trying to understand the 

research objects (the bacteria), moments of synergy or cooperation arise between 

themselves and their research objects. Through the use of metaphors and analogies in the 

description of cell cultures, and by dramatizing the human researcher’s behavior so as to 

mimic the behavior of the bacteria, a shared inter-textual space is constructed in which 

the scientists attribute certain anthropomorphic characteristics to their non-human co-

participants (like ‘feeling happy’ or ‘feeling stressed’), and endow them with agency. The 

choice of metaphors, analogies, and the use of different semiotic modes used in the 

analysis of the data may influence the way the scientists perceive, organize, and interpret 

those data.  

The present study has shown several findings concerning different aspects of 

laboratory work and laboratory interaction.   

I have described the various ways scientists, through multimodal activities, 

create moments of shared participation between themselves and their research 

objects. Through discussions and analysis of their findings with regard to the cells 

they study, through examination of visual representations (inscriptions) of a particular 

stage in the cells’ life cycle, and though dramatization of cell or cell colony behavior, 

the researchers not only talk about the bacteria, but sometimes to them; and, in the 

case of dramatizations, they moreover talk like them. 

Certain important distinctions in aspects of literacy in the context of the scientific 

lab have emerged. The specific literacy prevalent in scientific experimentation (graphs, 
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diagrams, pictures, DNA sequencing, etc.) was defined as ‘science literacy’, to 

distinguish it from the term ‘scientific literacy’, used to denote a general understanding of 

popularized scientific topics. As to ‘science literacy’, this has to do with the ability to 

interpret the manifestations of the several semiotic stages of the experimentation process 

that the bacteria go through in the lab, in accordance with their being manipulated by 

various instruments. I found that the researchers, by using metaphors, anthropomorphic 

terms, and embodied communication, included the living bacteria in their discussions of 

the graphic representation, thereby revealing the blurred boundaries between the physical 

objects and their symbolic representations. For instance, I observed researchers pointing 

to a diagram, commenting on how “these guys” would be “much happier with oxygen”; 

in this way, they demonstrated how the boundary-crossing links they created made it 

possible to blend, and discuss simultaneously, two different manifestations of the same 

entities.  

When experts dramatized cell behavior and adopted the perspective of the cell, 

the performances created an intersubjective space where expert, novice, and bacteria 

were co-participants. In such performances, participants and objects enacted 

intersubjectivity by collaborating in the embodied interactional space; I found such 

embodied performances to be particularly effective pedagogical tools for mediating 

knowledge from expert to novice.  

Narratives engage the novice in various aspects of becoming a member of a 

scientific community. But what I found was that stories do more than socialize. When 

experts and novices create stories, while performing experiments together, such stories, I 
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argue, help retain the experience of the procedures in the novice’s memory, and facilitate 

her transition to situations when she will be expected to work independently. 

 My findings indicate a close correspondence between the narratives told in the lab 

and their contextual circumstances. The stories tend to be closely connected to the work 

procedures, the safety precautions, and the history and traditions of the workplace. I 

challenge the assumption that a narrative is tellable by virtue of its inherent value; 

instead, the criteria for tellability in an instructional environment have to be sought in the 

affordances that the stories provide for the learning activities.  

 I was surprised to discover that the language used in daily experimental work did 

not much resemble a formal technical register. Instead, the ‘science speak’ I had expected 

to be surrounded with, was reserved for scientific publications and presentations at lab 

meetings. In daily interactions, however, I found that a mixture of technical and mundane 

speech made my learning experience easier than I had dared to hope for. 

 In conversational exchanges between experts and novices, I found instances 

where embodied communication not only supplemented spoken language, but assumed 

an autonomous role. Goodwin (2003) has described cases where language and gestures 

interact. My findings went further, since they included situations where language 

interacted not only with gestures, but indeed with the senses of vision, touch, and smell.  

A change of perspective was discovered in the researchers’ attitude towards their 

research objects, from the anthropomorphic terminology used when the cells were 

growing on the Petri plate, to the terminology designating abstract scientific facts after 

the DNA had been extracted, purified, and sent to sequencing. This change in 
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terminology reflected the change occurring in the bacteria, from animate to inanimate 

entities, during the life-cycle of a scientific experiment. Apparently, while it is possible 

for the researchers to identify with a living organism, it is much more difficult for them to 

feel like a nucleotide. 

 A final finding concerned instances where knowledge was distributed between 

researchers, tools, and instruments. Here, a creative use of verbal and multimodal activity 

created spaces where knowledge was mediated intersubjectively and where tools, as well 

as nonhuman objects and abstract symbols, were included as co-participants.   

 

AN ETHNOGRAPHIC DESCRIPTION OF THE FIELD SITE  
 

The laboratory 
 

The site of the present study is a small bench-laboratory in the Section of 

Molecular Genetics and Microbiology, one of the four component sections in the School 

of Biological Sciences at a big state university in the Southwestern United States. 

According to the lab website, the biologists’ studies focus on the genetics and regulation 

of iron acquisition systems and other virulence factors of the Shigella and Vibrio species. 

The iron transport systems of these intestinal pathogens are of particular interest here, 

because the ability of potential pathogens to acquire iron from the host is an important 

determinant of microbial virulence. Since the present work is a study in linguistic 

anthropology, not a biology project, the focus has been on how the lab’s biologists do 

their research and how they obtain the kinds of results their endeavor eventually produce, 
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rather than on the importance of this particular field of microbiology, or on the 

significance of this research for the medical and biological sciences.  

As the laboratory in question is engaged in research of virulent pathogens, it is not 

open to outsiders. Nevertheless, it is of interest to see how the general public, who are not 

often allowed into such settings, perceive of the research that takes place there. A local 

newspaper article from 1989 describes the lab’s research in metaphorical terms, likening 

the lab’s research work to a ‘mission’ whose destiny is to save the world from 

‘punishment’. The scientists are “on the trail of a scourge—a common bacterium that 

brings misery to millions of people for days or weeks and sometimes kills the weakest”. 

From this near-biblical opening, the journalist proceeds to explain in more general terms 

that the lab uses the latest DNA-sequencing and molecular cloning techniques to study 

how the bacterium called Shigella causes the fever, pain, and diarrhea of dysentery. We 

are told that the goal of this research is practical, since the researchers work to help 

physicians diagnose dysentery faster, treat it more effectively and, perhaps, prevent it 

altogether, once a vaccine has been developed. The mention of children in developing 

countries, to whom Shigella is a particularly grave threat, gave the article a moral tinge.  

 Nine years later, in 1998, the same local newspaper published an article by the 

same author, reporting once again on the research in the same lab. This time, the headline 

read “Scientists test gentler treatment for cancer”, referring to experiments treating breast 

cancer with gene therapy. This time, however, the metaphors were taken from society’s 

infrastructure, from transport and delivery systems. Explaining gene therapy, the author 

tells us that researchers “use retroviruses as couriers to deliver healthy genes to diseased 
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cells in the body”. Later, in the description of a retrovirus called ‘mouse mammary tumor 

virus’, we learn that “the virus hitches a ride to the mammary glands on white blood 

cells”.  

Over time, the journalist’s changing discourse pertaining to different diseases and 

his use of different metaphors tell us something about how the general public, through the 

media, perceives the work of scientists, and how scientific explanations are translated into 

popularized terms in order to be understood by that same public. But such translations are 

not solely the work of journalists and other popularizers. The scientists themselves, even if 

they have specialized scientific terms for what they do, tend to think in similar 

popularizing metaphors when they discuss their projects, both with their colleagues and 

with others outside the lab. Compare that not too long ago, the main metaphors pertaining 

to the body’s immune system were taken from warfare (Gusterson, 1996). In the 1989 

newspaper article, we saw how biblical ‘punishment’ and ‘scourge’ metaphors made sense 

to people when they talked about harmful bacteria. Today, the tone is different and the 

metaphors are taken from the neutral area of ‘transport and delivery’: the task is to deliver 

healthy genes to the cells, just like goods are delivered to the market. We see how the 

scientists are affected by the ‘master narratives’ of the larger society in which they live 

and work. They do their daily research in the laboratory, but they also have lives outside 

the lab, with their friends and families, and participate in the bustling life of the outside 

world; as such, they are influenced by how their work is perceived by others, and strive to 

present themselves and their work in terms that make sense in a wider context.  
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The social structure of the laboratory 
 

Laboratories are workplaces with certain social structures. As documented in the 

relevant literature from fields like the sociology of science, the sociology of scientific 

knowledge, and ethno-methodology, laboratories differ a great deal, both with regard to 

internal structure and with regard to the relationships they have with other institutions 

and networks. The researchers also differ a great deal with regard to research methods, all 

the way from written and graphic representations of experiment results (Latour & 

Woolgar, 1979) to consensual manufacture of theoretical data (Knorr Cetina, 1981; 

Amann and Knorr Cetina, 1990). Other studies have analyzed the interaction between 

scientific and managerial cultures (Rabinow, 1996) and how science is ‘crafted’ as a 

social enterprise (Fujimura, 1996). These studies all concentrate on the work and 

cooperation of full-fledged scientists; none among them concern themselves with 

apprenticeship, nor do any studies focus on different interactional modalities. 

The present laboratory is called a small bench-lab because all experimental work is 

conducted at workbenches, on and around which specimens are stored and manipulated. 

My interest in this workplace started with a pilot project that I conducted in 1998, when I 

studied the many different kinds of visual representations that scientists work with. 

 During my ten months’ fieldwork, the members in this laboratory consisted of the 

laboratory leader (the principal investigator, or PI), one senior scientist, three 

postdoctoral fellows, two research technicians, seven graduate students in various stages 

of progress, and three undergraduate students.  
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Laboratories such as this one ‘belong’ to the laboratory leader in more than one 

sense: each laboratory is the PI’s property, s/he is the main author of the grant proposals, 

and s/he receives the funding that is necessary to run the lab. The lab has the PI’s name, 

and as principal investigator, s/he is co-author of all the papers produced by her 

collaborators. As a full-fledged scientist, the laboratory leader decides what kind of 

research the lab will undertake; s/he also assigns projects to the individual researchers. In 

return, the latter are funded (alternatively, receive their salaries) with reference to where 

they belong in the lab hierarchy. The PI encourages, discusses, and criticizes individual 

projects; if a project fails, s/he knows this will reflect badly on the lab and on her-

/himself; therefore, s/he expects first-class research from all the collaborators. Externally, 

the PI represents the laboratory to the university and the outside world: to the other 

laboratories with which knowledge and materials are exchanged, to the other sections and 

departments of the College to which the lab belongs, and to the university administration; 

in addition, there are the professional societies, the scientific and professional 

conferences, and the publishers of scientific journals and books. The PI, as lab leader, 

collaborates with scientists outside her/his own laboratory or university, and is 

responsible for connecting her/his lab and her/his group of researchers with important 

scientific networks (Knorr Cetina, 1999).  

 As to the senior scientist in this particular lab, she has a high standing in the lab 

hierarchy, but may not be interested in starting her own lab. She participates in projects, 

engages in teaching activities, and is more experienced than the other members (with the 



 11 

exception of the lab leader). The lab leader and the senior scientist are the two stable 

members in the lab’s constantly changing social and workplace environment.  

The postdoctoral fellows are under constant pressure to publish and move on. 

They are evaluated not only for their scientific projects, but also by the reputation of the 

laboratory they work in; they seldom stay in one lab longer than two or three years. For 

them, every move represents a carefully planned stage in their careers, a step on the way 

to a lab of their own or a teaching position at a university. Since the PI in this case was a 

female professor with a strong reputation for excellent research, many female graduate 

students were attracted to the lab in question as a desirable place of learning.  

The two research technicians are hired as technicians, and are responsible for 

certain routine procedures that the scientists depend on. Their positions are not 

necessarily stages in specific career moves, and they are not driven by the need to 

publish.  

 The graduate students work on their doctoral dissertations while they are 

members of the lab. After they graduate, they leave the lab and become postdoctoral 

fellows, usually in other labs, bringing their projects and their expertise with them. While 

they are working on their dissertations, they contribute to the collective knowledge by 

presenting their projects at lab meetings and conferences and by publishing papers with 

the other members of the lab. Since the lab leader’s special field of research is iron 

transport in bacteria, everybody in the lab works on projects related to iron transport; the 

lab’s particular angle of research is iron transport in intestinal bacteria, predominantly 

Shigella, Vibrio, and E-coli (see Crosa, Mey & Payne, 2004). 
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 Undergraduate students can apply for permission to do an undergraduate lab- 

training project. Most of these students have taken classes from the lab leader in a 

program called ‘Dean’s Scholars’.2 These undergraduates are very committed students 

who will need lab experience to enter graduate programs in the medical or biological 

sciences; they have gained access to the lab through contacts with the PI or by being 

recommended by other professors in the Dean’s Scholars program. The undergraduate 

student is attached to a ‘mentor’ (an advanced graduate student) as an apprentice; the 

mentor includes her ‘mentee’ in smaller parts of her own project as an apprentice. During 

my fieldwork, I observed both undergraduate and graduate students being trained by 

advanced students and post docs, and followed their day-to-day progress. 

  Another type of apprentice are the so-called ‘rotation students’, who in their first 

year of graduate school are required to do three or four apprenticeships, rotating through 

different labs. Having concluded their rotations, the students must choose which lab they 

would like to join for graduate work, and the lab leaders choose which students they 

would like to have in their labs. Since there is a great deal of mobility among graduate 

students and post docs, a PI must be on a constant lookout for good new students in order 

to secure the continuity of both research topics and techniques.  

 

 

 

                                                
2 The Dean's Scholars Honors Program is a 4-year degree program in which students earn a 
Bachelors of Science that is designated as an honors degree in any of the majors offered by the 
College of Natural Sciences. 
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LEARNING THROUGH APPRENTICESHIP 
 
 In calling the process of learning in the laboratory an apprenticeship, I draw on a 

research tradition that has developed in the United States during the 1980s and 1990s, 

and which is situated on the crossroads between education and anthropology; its 

emphasis is on the socio-cultural aspects of teaching and learning (Rogoff and Lave, 

1984; Cole, 1985; Lave, 1988; Rogoff, 1990, 2003). Central to this tradition is the claim 

that individual development must be understood in, and cannot be separated from, its 

social and cultural-historical context, and that individual and cultural processes are 

mutually constitutive of, rather than defined separately from, each other. The focus of 

analysis within this approach is on socio-cultural practices, more specifically on socially 

assembled situations within which individual cognitive development occurs. As people 

participate in, and contribute to, cultural (or, as in my study, learning) activities, their 

involvement brings about changes in both the activities and the participants, just as it has 

changed the community at large: its people, tools, and practices, through generations of 

history. In the lab, work traditions, customs, procedures, and even beliefs that fall outside 

of their scientific paradigms (like praying to the science god that one’s articles may be 

accepted) make up the historical and cultural levels that always interact with the micro-

level of personal and interpersonal interaction in any community of practice.  

 Calling the microbiology laboratory a ‘community of practice’ and naming its 

learning activities ‘apprenticeship’ owes its inspiration primarily to the work of Jean 

Lave and Etienne Wenger. They challenge the notion that experiential learning is merely 

a kind of informal learning, with little or no transfer value (as opposed to the presumed 
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transfer value of formal, school-based learning; Lave, 1987, 1988). Lave and Wenger’s 

theory of ‘legitimate peripheral participation’ depicts learning and development within a 

community of practice as a movement from the periphery, occupied by novices, to the 

center, where the experts of the given practice are situated; this ‘situated learning’ (or 

more generally, ‘situatedness’) is dialectical in nature (Lave and Wenger, 1991), as 

illustrated, in the  context of this study, by what I have called the shared participation 

between the researchers and their research objects.  

Since research undertaken in scientific laboratories usually is narrowly defined and 

specifically delineated, the training that graduate students have received as part of their 

regular coursework in microbiology satisfies only the initial requirements for being 

accepted into a lab. Most of their specialized training takes place in the lab itself, where 

the experts are postdoctoral fellows or advanced graduate students, and the novices are 

the new graduate students (or undergraduates who have obtained special permission). The 

newcomers will have some experience with common lab practices from their earlier 

required lab courses; these include lab safety, lab maintenance, equipment use, group 

dynamics, and ethics. When the student joins a specific laboratory as an apprentice in a 

particular work place, additional demands will emerge with regard to the knowledge and 

skills that are particular to the lab in question, and as such can only be learned in this 

context. Frequently, members of laboratories pride themselves on their expert knowledge 

and use of certain methods that have been developed and refined in their respective labs. 

Such knowledge may be considered to be the intellectual property of the individual 



 15 

researchers, as well as the ‘symbolic capital’, in Bourdieu’s sense, of the entire laboratory 

(Bourdieu, 1977: 179).  

The individual researcher is the center of a unit consisting of materials, 

equipment, and apparatus, a unit that Knorr Cetina, following a Wittgensteinian tradition, 

calls a ‘lifeworld’ (1999: 217). Within this arrangement, the researcher’s skills and 

expertise transform her into an instrument, fulfilling her function in line with other 

equipment. Outside the unit, she becomes the symbol of the ‘lifeworld’ and the carrier of 

its significance (Knorr Cetina, 1999: 220). 

 A new graduate student will be assigned a mentor (an experienced researcher, 

usually a post doc or an advanced graduate student) by the laboratory leader in order to 

be trained and instructed in procedures pertaining to the mentor’s particular project. The 

student will observe and ask questions; later, she will be asked to perform simple 

procedures. Here, ‘learning by doing’ is the main pedagogical method, although it is not 

practiced quite as independently as we usually understand this expression. The laboratory 

protocols, i.e., the ‘recipes’ for experimentation that have been developed in the 

laboratory and which are considered its prized possessions, have to be followed (Knorr 

Cetina, 1999: 86). These protocols are written down as texts; they represent a crucial 

portion of the lab’s symbolic capital and are the basis of its reputation.  

Scientific experimentation involves performing the same procedure over and over 

again until the results are satisfactory and the experiment ‘works’. An experiment 

consists of a number of elements and a number of steps; consequently, things can go 

wrong at several different junctures. I have witnessed frustration and disappointment on 
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the part of both new and experienced researchers; a good portion of patience and 

stubbornness is required during the learning process, as well as in the work itself. 

Conversely, a successful experiment provokes considerable, often vociferous enthusiasm. 

Having the responsibility for a personal project involves, to a substantial degree, 

the maintenance and replacement of the tools and materials needed in the experiments; 

the novice has to learn how to create this assembly of tools, materials, and resources. For 

instance, there are the lab animals, both big and small, to be taken care of. Mice have to 

be nurtured and made to procreate; bacteria and other organisms have to be cultured and 

grown in suitable media. The novice scientist has to learn how to set up and conduct her 

own individual project with full responsibility for materials, tools, and procedures; in 

addition, she has to learn how to function as a member of the lab community, sharing the 

tasks that are necessary for the laboratory to be a well-functioning workplace for all 

involved.  

 

Lab meetings 
 

On the level of the laboratory as a whole, tasks are delegated and distributed 

among all the researchers. Here, the lab meeting functions as an instructional tool of 

considerable importance. Lab meetings have a double function: for one, they coordinate 

and organize the many tasks that are essential to running a lab; but in addition, they are of 

great value in keeping the members informed about each other’s research projects. In the 

lab where the present research was done, the meetings were usually structured in such a 
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way that the lab business was taken care of in the first part of the meeting. Here, the 

practical agenda involved solving problems and assigning the various tasks that are 

involved in the smooth operation of the entire lab, to different lab members. Such tasks 

could include ordering more gloves and nutritional media, maintaining the lab’s web 

page, discussing how to improve certain techniques, announcing new safety precautions, 

and so on. Through such discussions, the novice is introduced to the scientific community 

of practice; by sharing in the duties of the other researchers and collaborating with them, 

she slowly gains access to the lab as a legitimate, although at first peripheral, member 

(Lave and Wenger, 1991).  

The second part of the meeting is taken up by scientific discussions. Here, the 

members deliver status reports, share their results, and present papers for peer criticism 

before reading them at conferences or sending them out for publication. Even if the 

individual members have their own personal projects, the PI maintains her central role of 

ensuring the different projects’ cohesion, and seeing to it that all members are well 

informed about each other’s work and are able to discuss their own and others’ papers 

authoritatively. The theoretical and methodological discussions conducted in this forum 

provide the novice with an important training ground for her further work in the field.  

On the social side, the lab member who has been presenting her work at a given lab 

meeting is charged with the duty of bringing refreshments for the next meeting, thus 

making sure that there are cakes, cookies, fruit, and coffee for the members to look 

forward to at least once a week. 
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 In a few instances, several members were collectively involved in laboratory training 

sessions, for instance when a new piece of equipment was introduced and an expert from 

the manufacturing firm was visiting the lab to demonstrate the new instrument. In such 

cases, almost all the members were new to the learning task, so everybody was a 

‘novice’. It was interesting to observe how easily the ‘experts’ adjusted to their role as 

‘novices’ and were eager to learn new techniques. 

 

LABORATORY DISCOURSE 
 

‘Discourse in the laboratory’ is taken here to mean not only the language of the 

everyday oral interaction among members of the workplace; in addition, it comprises the 

language of the members’ individually constructed papers, written with a view towards 

publication. In particular, it includes other semiotic signs and systems, along with 

modalities like images and diagrams, as well as nonverbal communication through 

gestures and other embodied activities which all have their place in the discursive 

practices of the laboratory. Here, I largely subscribe to Fairclough’s definition of 

discourse as social practice: 

Like many linguists, I shall use discourse to refer primarily to spoken or written 

language use, though I would also wish to extend it to include semiotic practice in 

other semiotic modalities such as photography and non-verbal (e.g. gestural) 

communication. But in referring to language use as discourse, I am signalling a 
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wish to investigate it in a social-theoretical way, as a form of social practice. 

(Fairclough, 1995: 131) 

 

Foucault has defined ‘scientific discourse’ as a language to talk about particular 

topics at particular historical moments (Foucault, 1972). This type of language will 

appear in published papers, but it will also be used in internal formal discussion, and on 

the occasions when the workplace is representing itself to outside colleagues or to the 

public. Scientists use their specialized language and terminology to express a narrower 

and more specific meaning than that provided in an ordinary dictionary; the same 

tendency to use particular terminologies is observed in other fields, from nuclear physics 

or literary criticism to carpentry or animal husbandry.  

Although highly formal exchanges appear mostly in highly structured and stylized 

reports, even informal discussions will usually center around the “substance of formal 

communication” (Latour and Woolgar, 1979: 52-53). In everyday lab encounters, 

however, I was surprised to find that there was not much difference between the language 

used to describe experiments, and the language used in mundane situations like lunch 

breaks. I expected to find extensive use of specific scientific terminology, but discovered 

that the notion of ‘science speak’ has its origin in professional publications and 

conference reports. While the discussions in lab meetings are more formal in nature than 

conversations about experiments at the workbench, in daily interactions I found a mixture 

of technical and mundane speech. 
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Inscriptions 
 

The term ‘inscription’ was devised by Latour & Woolgar to describe the 

transformation from material substance to some sort of written document (Latour and 

Woolgar, 1979: 51). The instruments involved in such ‘translations’ vary in size and 

function, but what they have in common is their ability to create images out of crude 

materials; for instance, within the experimental domain of microbiology, they translate 

material substances, such as ground-up mouse intestines, into visual images that can be 

directly introduced into the scientific discussions at lab meetings, or be integrated into 

papers written for publication.  

As mentioned above, all procedures in microbiology crucially depend on the 

researcher’s manual skills and acuity of perception. Among the senses, seeing has 

priority: “in the natural sciences evidence appears to be embodied in visibility” (Amann 

and Knorr Cetina, 1990: 86). But the visual evidence obtained in the first inscription has 

to be further translated into spoken or written language in order to become part of a 

discussion or to accompany the researcher’s interpretation of the data. However, since 

sense data are, in most cases, flexible entities, they are not easily translated into fixed and 

stable linguistic representations. Consequently, the data become the objects of intense 

verbal scrutiny, often by several scientists at the same time; here, the work of ‘seeing’ is 

structured by the conversational talk into which it is incorporated.  

According to Amann and Knorr Cetina,  

When embedded in talk, “seeing” is interactively accomplished. Thus the process 

is not just a semiotic process, in the sense of involving a translation into a 
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generalized system of signs. Nor is it mainly a cognitive or interpretative process 

in the sense of involving individual conceptual decoding. Instead, the process has 

a speech act and particularly a dialogical or interactive structure. (Amann and 

Knorr Cetina 1990: 90; emphasis in the original). 

 

Before the data are presented to a group for discussion, another type of inscription 

has routinely taken place. The researcher whose project will be discussed has done a 

preliminary interpretation of the data. For instance, if the material is bacteria grown in a 

Petri dish, she has studied the bacteria under the microscope, made drawings in her lab 

notebook of what she has seen, and maybe assigned labels or names of her own to the 

data in order to explain the drawings. 

 As to the types of apparatus that function as inscription devices, there are several kinds 

of instruments, all of which are different from the instruments and tools that merely 

transform material substances from one state to another. As Latour and Woolgar say, to 

count as an inscription device, the instrument will have to transform a “material 

substance into a figure or a diagram which has a direct relationship to the original 

substance” (Latour and Woolgar, 1979: 51). In the case of the scientist referred to above, 

the primary inscription device is the researcher’s own body and its cognitive and 

linguistic capacities.  

The importance of inscriptions becomes even clearer when experiments are carried out 

over a long period of time and in different locations. Material phenomena are preserved 

and en-/decoded as inscriptions, so they can be brought to bear on discussions and 
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interpretations of data, independent of the time of the actual experiment. By invoking the 

inscription (e.g. in the form of an image, graph, or diagram), the real-time processes of 

laboratory work are called forth and reactivated in the discussions continuing over time 

(Knorr Cetina, 1999: 101). 

 

Narratives 
 

Laboratories are autonomous workplaces with their own cultural traditions and 

rituals, especially as these are embodied in emblematic narratives about personal 

experiences, disaster narratives, and cautionary tales. This narrative culture involves not 

only questions of status or the social life of the lab; it also plays a large role in the 

scientific experiments. The researchers use narratives as memory tools, both in their 

social and professional everyday lives; in the lab environment, stories become the 

rationale for using or avoiding certain procedures. Concurrent with the translation of 

experiential phenomena into abstract diagrams or rules, narratives enhance the research 

experience and preserve the temporal and spatial character of the experimental event, so 

that also other researchers can follow its progress and learn from it. “Scenarios of former 

experiences are told and retold and keep the experience alive, turning it into a sort of 

communal stock of knowledge” (Knorr Cetina, 1999: 106). 

 The disaster stories told are often accounts of mishaps and failures encountered in 

first attempts to master a technique. They report, in dramatic ways, embarrassing 

experiences that everyone will encounter in their first years – “atrocity stories”, as Knorr 
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Cetina calls them (ibid.: 107). Such narratives not only function to create a collegial 

atmosphere in the lab, by stressing the fact that anyone can make a mistake; they also 

form a basis for comparison with later experiences, when the procedures have finally 

been mastered.  

 

THE EMBODIMENT OF SCIENTIFIC PRACTICE  

 
 Historically, embodied communication has been studied in relation to rhetorical 

effectiveness as enhanced by gestures accompanying talk, such as the hand movements 

used by orators in their speeches (McNeill, 1992). A good orator makes use of deliberate, 

choreographed gestures that are designed to effectively underscore the spoken word. 

Later, the spontaneous, non-programmed gestures that precede and follow talk became 

the object of interest and speculation. Gestures were even thought by some to be the 

origin of language, a pre-linguistic mode of communication (Armstrong, Stokoe and 

Wilcox, 1995); others studied gestures with regard to their cultural and ethnic 

characteristics.  

 The different modes of expression represented by speech and gestures together 

constitute a multimodal system of interaction. Most contemporary studies of 

multimodality theorize language and spontaneous gestures as a unified system, as they 

occur simultaneously and have the same origin: the speaker’s thoughts. Interactions in the 

lab will show that such a cognitive, psycho-linguistically oriented approach to embodied 

experience and communication (McNeill, 1987, 1992; Kendon, 1980) must be 
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challenged. In instances where body and mind are considered to be engaged in 

meaningful activities, the mind does not necessarily take priority when it comes to 

processes involving thought, memory, and knowledge.  

 Some researchers, inspired by Goffman’s concept of the “participation 

framework” (Goffman, 1974, 1981), have explored the ways the human body is 

implicated in the structuring of language, cognition, and social organization through what 

is called ‘embodiment’. In his studies of field-working archaeologists, Charles Goodwin 

(2003) found that language and gestures were two differently functioning sign systems. 

He observed situations where embodied actions elicited spoken responses, and vice versa; 

in such situations, the two semiotic modes operated as two independent and autonomous 

systems of signs that nevertheless worked in a symbiotic relationship (Ch. Goodwin, 

1994, 2000, 2003; Ch. Goodwin and M. Goodwin, 1996). In these cases, language and 

gestures did not mirror each other, but interacted in ways that were typical for the work 

involved, being specific to the local context (in this case, an archaeological field school) 

and forming what Goodwin called a “dynamic ecology of signs” (Ch. Goodwin, 2003). 

 Goodwin’s contribution, although it did not go far enough, also highlights the 

relationship between the material objects under scrutiny and the scrutinizer, as this is 

manifested through the scientist’s hand movements while performing the work.  

 In a related, but different approach to embodied experience and learning, Streeck 

and LeBaron have suggested that gestures and embodied activity arise from practice, both 

synchronically and diachronically (Streeck, 2002, 2009; LeBaron and Streeck, 2000). 

Where gestures are included in narratives about practical situations (past or present), such 
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gestures are claimed to index real (earlier or current) actions involving the human body 

and the material objects acted upon. In these authors’ view, studying embodiment offers 

an historical as well as an ontogenetic perspective on the possible origins of gesturing, 

while pointing up the significance of the human material condition for the development 

of communication.  

In general, when dealing with embodied knowledge, it is important to consider 

how this knowledge is constituted, and how the related worldly experiences contribute to 

our ability to express that knowledge in intrapersonal and interpersonal ways. Learning 

how to use tools and instruments, along with practicing embodied procedures, engages 

both body and mind; hence it is important to study these processes in all their essentially 

socializing aspects: mental, bodily, and social. If it is the case that gestures derive from 

work-related practical actions, as Streeck has argued (2002, 2009), I propose that each 

profession will develop its own specific set of gestures, and that the particular embodied 

actions will be closely connected to the professional work involved. And finally, with 

regard to apprenticeship, studying how manual and other sensory skills are acquired and 

elaborated during practical tasks may help us understand how the novice scientist is 

socialized into the specific work community of a scientific laboratory and becomes a 

fully-fledged, albeit initially peripheral, participant in the social and work-related world 

of the lab in question.  

 When individuals work with tools and instruments in order to prepare, manipulate, 

and analyze their data, they mostly work alone and there is in principle no talk-in-

interaction, as the interaction that takes place happens between the researcher, her tools, 
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and her data. Even though the data do not talk, there are records representing them that 

can be read; in this way, the data communicate and interact with the researcher through 

the mediation of artifacts, the tools and instruments that make invisible entities visible, 

such as when murky material substances are transformed into artful diagrams and auto-

radiographic images. To interpret such data that have been enhanced by instruments, the 

researcher  ‘re-animates’ these visual images as narratives or accounts that can be 

recorded in written form as lab notes or other scientific documentation devices. I will 

show how, together with the video-recorded data of the embodied interaction between the 

researcher and her tools in the local technological environment, the information contained 

in these narratives provides us with a clearer insight into the collaboration between 

scientists, bacteria, and tools.. In general, the present study also challenges some aspects 

of learning, expert-novice relationships, and scientific communication as they have been 

previously described. As to this particular area of research: microbiology, there have been 

no previous studies dealing with relationships between humans, nonhuman entities, and 

tools, or looking into processes surrounding the development of a scientific 

apprenticeship. 

 

METHODOLOGY 

 
 In the interdisciplinary ethnography of scientific practice, several theoretical and 

methodological concerns have informed the question of how practitioners of science 

carry out their scientific work. With its emphasis on fieldwork in scientific laboratories, 
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SSK (the sociology of scientific knowledge) and other STS (science, technology and 

society) studies have contributed to a better understanding of the cultural nature of 

scientific practice, thereby providing a solid base for an ethnographic description of the 

present field site.  

Most of the laboratory studies referred to above are firmly rooted in the tradition 

of ethnomethodology (Garfinkel, 1967), which among other things emphasizes the 

fieldworkers’ participant-observer role in their day-to-day engagement in the laboratory 

activities (Lynch, 1985; Lynch and Woolgar, 1988; Latour and Woolgar, 1979; Latour, 

1987). Based on a comparison of laboratory work in physics and molecular biology, 

Knorr Cetina (1981, 1999) has claimed that scientific knowledge is ‘socially 

manufactured’ within the specific epistemic culture of the field; in her study of the 

relationships between scientists, tools, instruments, and scientific objects in a particular 

field, she focuses on how the sciences ‘produce knowledge’. 

My own focus in the present work is on how scientific knowledge is created 

between experts and novices, and how these learning processes are implemented. I call 

the process of learning in the laboratory a “directed apprenticeship”, following Lave and 

Wenger’s theory of “Legitimate Peripheral Participation” (1991). Here, the novice 

apprentice is positioned in the periphery of a socio-cultural context, but with a legitimacy 

towards receiving the necessary instruction and becoming an expert. Other scholars, 

working in the contemporary Vygotskian tradition (Cole, 1985; Lave, 1988; Rogoff, 

1990, 2003) have emphasized the importance of the dialogical interaction between 
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individual learners, their teachers, and the socio-cultural context in situations of what 

they have called ‘guided participation’.  

 In the following, I will describe my own entrance to the field site, as well as the 

methods that I used for data collection. I will also detail how my ideas about fieldwork, 

technology, and microbiology changed over the ten months spent in the field. 

 During a pilot project conducted at my university as an assignment for a class in 

Micro-Ethnography of Interaction, I obtained access to one of the university’s 

microbiology laboratories. I got permission to make video recordings of the scientists, 

while they inspected and scrutinized the bacteria they were studying, both with and 

without the help of the microscope. The result of that pilot project was a video film called 

“How scientists see” (Mey, 1998). 

 Inspired by the unfamiliar, but new and exciting experience of the field of 

microbiology, I contacted the PI of the lab, and inquired about the possibility of doing my 

dissertation fieldwork there. She did not know what to make of a linguistic anthropologist 

doing fieldwork in microbiology, but when I told her that I was interested in how science 

was taught/learned through the interaction that took place between a novice and an 

expert, she gave me permission to observe the learning process in her lab for the time I 

needed to collect my data. We talked about my role, which would be that of an observer 

rather than that of a participant, since I had no training in microbiology; also, I would be 

videotaping most of the time. As it turned out, I became more of a participant than I had 

imagined, since I was always there behind the camera, and the scientists automatically 

included me in their conversations about bacteria as well as about other matters. I also 
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participated in their lunchtime gatherings, went with them for coffee breaks and happy 

hours, and was invited to their birthday celebrations and holiday parties.  

 Since the lab in question was small and there were many people working there, I 

asked the PI how to avoid getting in everybody’s way. She told me just to go ahead and 

do whatever I needed to do; and if I turned out to be a disturbing element, she would tell 

me and instruct me how to show more consideration for the scientists at work.  

 For the recording of data, I decided to rely primarily on the use of a video-

recorder. Using a tripod was not possible in the lab itself, due to lack of space, and also 

because people were going back and forth all the time to access the different instruments 

and containers. I decided to use a hand-held camera, and follow people around. At the lab 

meetings and journal club meetings, I planned to set up a tripod, in order to be able to 

take notes while recording. Unfortunately, that did not work either, since in order to 

capture the entire group on camera, I had to position the tripod outside the meeting room, 

with the door open, and at that distance the sound was very weak. Installing remote 

microphones would be too disruptive and take attention away from the meeting. After 

practicing holding the camera in my hand, and moving it steadily from speaker to 

speaker, I was able to capture most of the activities in the meeting room, including the 

power point presentations on the screen. I justified this approach by my intention to 

create as little disturbance as possible, since I wanted the meetings to be as normal as 

possible.  

 In addition to the video recording, I described each day’s work in my field notes. I 

included not only what I observed through the camera, but also things that happened 
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during the informal breaks in the lab. Most prominent in the beginning was my confusion 

about the new and unknown terminology that I encountered every day, but as my 

fieldwork progressed, so did my knowledge of microbiological procedures.  

 My own role in the lab also changed over time. One of the members started out by 

calling me a ‘photo-journalist’; others, who had heard about anthropology, told their 

friends that I was an anthropologist who studied scientists in their own habitat. When I 

introduced myself at the first lab meeting, I told them what I was interested in, and they 

were eager to help me getting my data. They signed the consent forms, and promised to 

choose a pseudonym to protect their anonymity.  

 Over time, the scientists regarded me more and more as a novice in their own 

field and suggested jokingly that I should be their next rotation student. They began to 

understand what I was trying to understand and describe about them; one of the things 

they became aware of in the process was their own extensive use of metaphors when 

describing their scientific objects, the microbes. (See further discussion in chapter 2). 

 The first week of my fieldwork I spent getting used to the camera, trying to 

produce stable shots and a clear sound (Duranti, 1997; Goodwin, 1993). I recorded the 

different sections of the lab, without focusing on particular persons. Once in a while, 

someone would call out: “teaching moment”, inviting me to videotape a situation where 

one member was showing another how to do a certain procedure or was demonstrating a 

new software program on the computer. Soon, my data collecting became more focused 

and I concentrated my attention on specific expert/novice pairs, as one by one, the 
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rotation students entered the lab. In addition, I followed a particular undergraduate 

student, as she was being trained in simple procedures by her graduate student mentor.  

 As a result of my constantly following this latter pair for three months, the camera 

became what is often referred to as a ‘transparent tool’. At first, the scientists showed 

some embarrassment when I caught an experimental mishap on camera, but after a short 

time, they did not seem to notice the camera or mind its presence. The lab being a 

workplace where everybody was expected to do what they got paid for, the researchers 

could not allow the camera to interfere with their work. Some senior lab members 

advised me not to let the camera become too invasive, in case it were to influence the 

quality of their research. However, in the end they got so used to seeing me with the 

camera that if I came in without it, they asked me where it was, as if I had not brought my 

tool. 

 Translating video-recordings, field notes, tape logs, as well as personal memories, 

fraught with feelings of both frustration and elation, into an end product: the written 

dissertation, involves a process of selection (Duranti, 1997). In addition, choosing a 

limited number of video clips from a total of 97 hours of recording requires organizing 

the data such that certain themes are chosen and certain properties highlighted, rather 

than others. Even rendering a stretch of talk into a verbal transcript requires a choice of 

what to include, what to omit; a fortiori, highlighting sound to the exclusion of pauses, 

gestures, postures, facial expressions, and other extra-linguistic activities results in a 

transcribed format that is different from one which includes embodied features in 

addition to the recorded words. Hence, while in three of the chapters, I chose to pay more 
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attention to the spoken words, with only some regard for embodied features, the chapter 

on embodied practice, by contrast, includes many more of the embodied features, both in 

the transcript and subsequently in the analysis. This was a conscious choice on my part, 

corresponding to the earlier selection I had made about the themes and properties to 

incorporate in the finished work. Naturally, the analyses present my personal point of 

view on how best to document learning processes in scientific work; they do not presume 

to represent an exhaustive description of apprenticeship in science.   

 

OUTLINE OF THE DISSERTATION 
 
 I introduce the research site by giving an ethnographic account of the 

microbiology laboratory and its members in Chapter 1. Chapter 2 explores the inter-

textual space between the scientists as subjects and the scientific entities as objects, and 

how, for pedagogical purposes, scientific knowledge is presented through discussion and 

demonstrations, using different kinds of semiotic modalities. In Chapter 3, I discuss how 

narratives and the telling of stories contribute to socializing the young novices into the 

field of microbiology and the laboratory’s workplace culture. Chapter 4 takes the 

bacterium on a journey from its birth in the Petri plate, to its transformation into a 

scientific object that will appear in books and articles. The stages of this journey take 

many different semiotic forms, in accordance with the manipulations that the various 

instruments subject the bacteria to. Each particular instrument or technology creates its 

own specific manifestation of the scientific object; the ability to interpret these 
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manifestations involves what I have dubbed ‘science literacy’. How the novice is 

introduced to science literacy in the course of her apprenticeship is discussed throughout 

this chapter. Finally, in Chapter 5, I present the laboratory in its multiplicity of semiotic 

modes and embodied practices; I discuss how multimodality and embodiment influence 

and impact the novice’s learning process, and how guided participation enhances the 

instructional situation. 

 References to the pertinent literature are included in the text where appropriate, 

rather than being presented in a special review chapter.  

 

A NOTE ON CONSENT AND TRANSCRIPTION CONVENTIONS  

 
 The participants in this study all have given their informed consent to being 

videotaped and to my using the videos for academic purposes. They all have chosen their 

own pseudonyms, with the exception of the laboratory leader, whom I refer to as the ‘PI’ 

(principal investigator). 

 

 I use the following transcription conventions: 

[ ] overlapped speech 

(??) unclear stretch of talk 

(?) unclear word 

(( )) author’s comment, especially whenever explaining embodied features 

(xxx) inaudible speech 
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(4) numbers within parentheses indicate approximate seconds of  pause 

= indicates contiguous utterance 

– cut-off speech 

1, 2, 3 line numbers for easy navigation of the transcript 

 

In choosing transcription conventions, I have used the same criteria as I used when 

selecting the segments of data I wanted to focus on; the research goals determined the 

choices. According to Ochs, transcripts need to be readable in order to be useful (Ochs, 

1979); therefore, I chose a modified standard orthography when transcribing. 

Gestures and other body moves were represented by video frame-grabs and by 

descriptions integrated into the transcripts (Ochs, Jacoby and Gonzales, 1994). 
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Chapter 2: 

 

Understanding Bacteria through Metaphors and Performance 

 

 

INTRODUCTION 

 
The present chapter investigates pedagogical strategies for scientific knowledge 

transfer used in a microbiology lab by experts who are engaged in teaching novices the 

skills, procedures, and techniques of the field during an introductory period of rotation.  

  The study builds on studies positing an inter-textual space in which scientists as 

subjects, and scientific entities as objects, merge into one blended identity for the purpose 

of presentation and discussion (Ochs, Jacoby and Gonzales, 1994, 1996). While Ochs, 

Jacoby and Gonzales emphasize the ambiguous referents of the personal pronouns ‘I’ and 

‘you’ with inanimate verbs, the present study adds to these findings by taking the 

anthropomorphism one step further. In addition, the study is inspired by the way 

professionals in different areas interpret the visual evidence in their fields (Goodwin, 

1994). 

  I argue that there are three distinct levels of knowledge presentation that are used 

by the experts to introduce the novice to the world of microbial beings  (in this case, 

bacteria). These three levels present the bacteria in different forms: moving from the 

concrete representation to a more abstract and remote, metaphorically rendered one; 
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transforming instances of actual bacterial objects into graphic representations; and finally 

representing the bacteria in a staged dramatic performance by the scientist.   

  On the first level, expert and novice engage in the interpretation of cells or 

colonies of cells and their behavior on Petri plates and in glass tubes. Discussions include 

the use of human metaphors which express emotions on the part of the cells. 

  The second level includes visual and graphic representations produced by 

instruments and computers, indicating measurements of quantitative cell properties like 

optical density or relative fluorescence. The discussions on, and interpretations of, such 

visual representations are expressed in multimodal ways: gestures, pointing, speech, and 

writing are all employed to clarify the evidence (in accordance with accepted practice in 

scientific discussions).  

  On the third level, the human scientists use dramatizations to show how cells 

behave in certain situations. The scientists act out scenes in which the cells are the 

protagonists and express, in a human way, concern or happiness regarding matters such 

as reproductive success, wellness, and recovery; in other scenarios, the cells behave in 

ways known to the expert, based on her or his thorough knowledge of the cells’ life 

cycles. Here, the scientists assume the identity of the cell or colony and, by staging a 

performance, both give voice and lend body to that invisible entity. 

  The levels described above illuminate the translation of the scientific fact (the 

cell) as it is cultivated and nurtured in the incubator, into visual representations, in the 

form of pictures exhibiting abstractions filled with information. The first two levels 

present the scientific entities as such; the scientists talk about them, albeit in an 



 37 

anthropomorphic way. On the third level, the human scientists take on the role of the 

nonhuman entities, and in their staged performance, talk like them.  

 

MICROBIOLOGY AND THE RECONFIGURATION OF NATURE  
 

The lab in question belongs to the university’s College of Natural Sciences. 

Studying natural objects in a lab differs considerably from studying objects in nature. 

Well-known studies of laboratory work (e.g. Latour and Woolgar 1979, Lynch 1985, 

Knorr Cetina 1999) emphasize how scientists in labs reconfigure nature. Natural objects 

are removed from their normal environment and placed in the experimental environment 

of the lab. These objects are then enhanced, purified, and translated into different 

semiotic systems: images, graphs, and what Latour and Woolgar have called 

‘inscriptions’ (Latour and Woolgar, 1979).3 In addition, natural cycles of occurrence are 

accelerated and manipulated for the purpose of continuous study and rapid results. As 

instances of such manipulation, consider mutations: in nature they occur relatively 

seldom, although at different rates for different organisms and for different reasons. By 

contrast, the lab researcher is often heard to say: “I made this mutation”, and although the 

making of a mutation may require several attempts, it still happens relatively frequently.  

In reconfiguring natural objects, the microbiologist brings the object into contact 

with a particular sphere, made up of scientists, instruments, tools, techniques, and 

                                                
3 ‘Inscriptions’ is the term devised by these authors to describe the result of a   transformation 
from material substance to some sort of written document by a technological instrument (Latour 
& Woolgar 1979: 51). 
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procedures, together representing the cooperative frame that constitutes the lab. We are 

looking here at a two-sided, ambiguous social/experimental sphere where experiments 

are conducted and discussed, knowledge is created in the interface between experts and 

novices, and natural objects and social agents interact on a variety of levels. On the level 

of the lab as a whole, the PI guarantees that the individual projects fall into the area of 

study that she has identified (in this case, iron transport in bacteria). The organizational 

structure that supports the projects’ consistency is the weekly lab meeting, where 

maintenance tasks are discussed and delegated, and individual projects in progress are 

presented, discussed, and critiqued. The PI maintains close contact with each individual 

scientist and graduate student, by constantly asking for updates and new data. 

On the level of the individual projects, the scientist forms a special kind of 

relationship with the object under study, even if this is a bacterium that can cause 

dangerous epidemics. To acquire the necessary knowledge about a special kind of 

bacterium, it is necessary to cultivate, nurture, encourage, and manipulate the living 

creature; in doing so, the researcher’s and the bacteria’s lives become intertwined to a 

degree where the human scientist sometimes finds herself following the schedule and 

lifestyle of the non-human object.    

 

DESCRIBING MICRO-ORGANISMS  
 

The individual bacteria studied in the present lab cannot be seen by the naked eye. 

There are, however, different ways to observe these entities and to talk about them, the 
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way this happens in teaching sessions between the expert, who is quite familiar with the 

bacteria, and the novice who is being introduced to them. Inspecting the bacteria through 

a microscope gives the most comprehensive image; a microscope is necessary when 

counting colonies. To observe the growth of cell colonies, however, the microscope is not 

always needed, as there are several indications that can be detected by the naked eye. If 

the growth medium in a test tube is clear, no growth has taken place; if the medium is 

cloudy, the cells have grown, divided, and multiplied. On the Petri plates, the bacterial 

cells will spread from a couple of cells to colonies of many cells, and will do so in 

concentric circles or disc-like structures. Under certain conditions, some bacteria, like 

Vibrio, can switch from a smooth morphology to a ‘rugose’, or wrinkled, morphology as 

a bacterial phenotype that forms well-developed bio-film, and is resistant to several kinds 

of environmental stress. Mutations may have morphologies that are different from the 

‘wild’ type or parent strain; these can be identified and experimented with by changing 

the growth conditions.  

Bacterial colonies are described in a number of different ways, almost all of these 

using metaphors. When observed in the microscope, the most common bacterial cell 

shapes are oval, rod-shaped, and spiral; their three-dimensional colony shape, however, 

when seen by the naked eye, is often described as flat, corrugated, crystal, wrinkled or 

warped. As to their viability, this is often expressed in terms such as hardy, tough, or 

fragile; some delicate phenotypes will “lyse in water”, or “pop right in front of your 

eyes”. Both in formal presentations and informal lab meetings, the bacterial strains are 

referred to by their scientific names like ‘the wild type’, ‘my FnR mutant’ or ‘my ArcA 
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mutant’; by contrast, in a teaching situation, where pedagogical considerations are 

important, there seems to be a preference for everyday expressions and metaphors. 

 When the expert and novice discuss results of measurements on charts or diagrams, 

whether referring to optical density (OD) or relative fluorescence units (RFU), they 

tend to talk in terms of “they”, meaning the bacteria or the colonies. “They grew a 

lot”, or “they seemed to take some time recovering”, seems to be the preferred way of 

presenting relevant information, rather than discussing the diagram itself and its 

properties or the chart with its numbers. The images and numbers on the paper 

remind the scientists of the experiment, whereas the natural objects are revived in the 

scientists’ memory through virtual representations of the kind discussed above.  

 

TEACHING EXPERT KNOWLEDGE TO NOVICES 
 

 The knowledge that a novice needs to acquire in a lab falls into two parts. The 

first is how to perform experiments; this includes techniques, skills, and procedures 

used to obtain meaningful results. This part also presupposes a deep knowledge of the 

object of the study (in this case the bacteria), and how it behaves under different 

conditions. These conditions are created, on the one hand, by putting the organisms 

through technical and chemical ordeals: chopping, transforming, heat-shocking, 

ligating, and changing their genetic makeup; on the other hand, through feeding, 

warming and shaking, the bacteria are brought back to growing and thriving in their 

growth media. 
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The other important part of this knowledge concerns the workplace or lab culture into 

which the novice must be initiated in order to fully participate in this community of 

practice. This includes sharing the work involved in maintaining the lab, observing 

the safety regulations, participating in the social life during breaks and celebrations, 

and getting involved in the lore of the lab: the history of the workplace, who came 

and who left, and who contributed what to the reputation of the lab, all recounted as 

stories of past and present successes and mishaps. 

Instruction in the technical skills of doing experiments is given in both verbal and 

non-verbal ways. The expert demonstrates procedures to the novice, shows her how 

to practice hand/eye coordination, how to use fingers, hands, and wrists to effectively 

perform the operations involved in the experiment. These demonstrations are 

accompanied by talk and (in the case of ‘tacit’ knowledge), by illustrations often 

followed by explanations: “This is how I learned it in my first lab, you can do it your 

way, but this is how I do it”.  This makes the novice somewhat autonomous, but also 

responsible for her own mistakes; usually she is eager to learn the tricks of the trade, 

and quick to imitate the movements and manual dexterity of the expert. Novices may 

be clumsy at first, but improvements can be observed day by day as they practice 

their skills.  

The novice also participates in the daily social life of the lab; the lunch breaks, the 

birthday parties, the after work happy hours; moreover, there is the storytelling that 

goes on whenever there is a pause in the work process, as when somebody is waiting 
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for the centrifuge to finish or the agar to melt in the microwave. The weekly lab 

meeting is perhaps the most important socializing factor, as it contains both ‘lab 

business’ (the running of the lab), and ‘scientific data’ (presentations of ongoing 

research by lab members). 

 

Talking about micro organisms  
 

The video clips analyzed below show the interaction between two different 

expert-novice pairs; this will help us understand more thoroughly what goes on when 

bacterial colonies are interpreted.  

Transcript Micro 12, clip 8, 3.20 
Colony morphology. 
Steph: expert 

Carol: novice 

  
1 Carol: So are the dark ones, like the rugose colonies – in  

2  the other ones, in the normal colonies? 

3 Steph: Right, right – so let’s see one that is really big,  

4  okay, this one, so you can see, ooh it smells bad, 

5  but, like you can see the smooth ones are 

6  very flat, they’re bigger=,  

7 Carol: <nods> Yeah 

8 Steph: =but when you look at them  

9  three-dimensionally, the rugose ones are, they’re 

10  like a bump=  

11 Carol: Okay 

12 Steph: =and the smooth ones are flat. So, you can look at them, 

13  so they’re kind of – the rugose  
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14  ones look really cool, if you look at them – they’re 

15  like crystal, they look like crystal. 

16 Carol: Yeah 

 

 

In this clip, Steph, the expert, interprets Vibrio cholera colonies cultivated 

overnight in a shaking incubator, while Carol, who is an undergraduate and a novice, 

participates mainly by asking questions, nodding and agreeing to what Steph is 

suggesting. But much more than talk is taking place in this short clip. Both expert and 

novice focus their attention on the colonies in the Petri plates, and even if their input 

is different, they collaborate by sharing this orientation to the field of focus. Steph 

shares her experience and expertise with Carol in a collaborative way that both 

teaches her the interpretive skills of their profession, and at the same time includes 

her in the experiment that they conduct together.  

The interpretation is based on a rich description that contains both semantic and 

embodied features. There are two phenotypes of Vibrio cholera on their Petri plates: 

smooth and rugose (the latter expression is from the Latin rugosus, meaning 

‘wrinkled’). Under certain conditions, the smooth phenotype switches to rugose, a 

more robust phenotype that is more immune to environmental stress, and therefore 

more virulent. The two terms are used both in scientific presentations and in informal 

discussions, but in this instructive situation, several additional verbal and nonverbal 

features are introduced. The smooth colonies are referred to as ‘normal’ and ‘flat’ 
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while the rugose ones are characterized by their color, shape, and volume. Carol 

refers to the rugose as “the dark ones”, and Steph compares them to a bump or a 

crystal. In other situations, the colonies are labeled ‘small’, ‘knotty’, or ‘wrinkled’. 

Pointing, tracing, and hand-shaping are used in the description of shapes. ‘Flat’ is 

accompanied by moving the finger back and forth, while ‘bigger’ is marked by 

making a circle with the finger over the colony. Three-dimensionally, the ‘bump’ is 

outlined with a cupped hand-movement back and forth that precedes the word 

‘bump’, while ‘flat’ is indicated by a single movement from left to right by the flat 

hand. Finally, Steph brings her personal appreciation into the description by calling 

the crystal shape ‘cool’ and showing her disgust for the smell by exclaiming “oooh”– 

a colloquial expression and an emotive interjection, not terms she would use in a 

scientific paper. Even though in their daily interaction, the expert and novice use a 

casual register, interspersed with scientific vocabulary, like when Steph uses terms 

like ‘cool’ or ‘nasty’ in their informal conversation, Carol will eventually learn to use 

the scientific terms in the lab meetings and in lectures,.  

In the next clip, Leia and Hilary prepare ‘competent’ cells for genetic transformation.  

 

Transcript Micro 53, clip 1,  
Leia: expert 
Hilary: novice 
 

Competent cells 
 

1 Hilary: So the competent term means they’re in exponential phase when 

2  you save them? 
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3 Leia:  Pretty much, they’re exponential, they’ve been growing in  

4  media, and, and they’re all cleaned up and ready to go 

5 Hilary: So, should they pick up when, when they’re now allowed to  

6  grow again? 

7 Leia:  Yeah 

8 Hilary: Is that the point? 

9 Leia: Yeah, it’s that you picked them when they were growing happiest 

10  before, they weren’t in some, like, limping-along-early-phase 

11  where they’re just adjusting from, you know, from whatever  

12  they were growing in before, and… 

13 Hilary: And they don’t have to start over, cause all this has happened to 

14  them?  

15 Leia: (3.0) No, not really 

16 Hilary: No, okay, “You’re ready, okay, you should pick up” 

17 Leia: Right 

18 Hilary: Okay 

19 Leia: And if they don’t, it’s better than if you froze’em back in some  

20  limping along phase, he he he he 

21 Hilary: Right, right, okay 

 

Hilary, the novice, asks Leia about the term ‘competent’ and what it means in this 

connection. Leia explains that the cells are in an exponential phase when they are 

harvested, dividing and doubling at a steady rate, and she adds that the cells are now 

‘cleaned up and ready to go’, an expression which could be used both about humans 

and bacteria. From then on, however, their expressions take a definite 

anthropomorphic spin. Hilary asks if they “pick up”, and Leia’s expressions, 

“growing happiest” and “ in some limping-along-early-phase” are clearly 

metaphorical in nature. Hilary, when uttering the expression “pick up”, makes two 



 46 

concentric circles in the air with her hand, and then opens her hand and closes it again 

when she says: “allowed to grow again” Since they do not have the cells available to 

be inspected on Petri plates, (the cells are in tiny phials sitting on ice), there is not 

much pointing or tracing in this conversation. Leia, however, assumes the position of 

the “limping-along-early-phase” with her own body, when her shoulders and upper 

body sag, her hands drop to below her waist, and her gesturing is done as far down as 

her hands will go. Hilary, when she hears that the cells won’t have to start over after 

all that’s happened to them, slips into a virtual sphere where communication between 

researcher and bacteria is possible, and addresses the cells directly: “You’re ready, 

okay, you should pick up”.  

Also at other times in the lab it is in fact quite common to hear someone say to their 

cells: “Come on guys, let’s grow”; this establishes that special connection between 

researcher and object which is typical of their daily collaboration. In the present case, 

Hilary switches her perspective from that of a researcher discussing the bacteria with 

another researcher, to that of a caregiver talking to her protégés, almost like a mother 

telling her children: “ Come on, eat your food” Similarly, Leia changes her point of 

view from talking about her cells in an anthropomorphic way: “they’re all cleaned up 

and ready to go” to actually assuming the perspective of the cells by performing the 

“limping along phase” that the cells should preferably not be in. 
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Interpreting inscriptions 
 
   I use the term ‘inscription’ as used by Latour and Woolgar (1979), to describe a 

material substance’s transformation to some sort of written document like figures, 

charts, or diagrams. Volatile sense data are translated, by means of different 

instruments or inscription devices, into fixed and stable symbolic representations. 

Such inscriptions often provide the bases for discussions and analyses, and supply the 

material for articles in scientific journals.  The “visual scripts” are brought into play, 

reactivating the real-time processes of experiments, regardless of when and where 

these were conducted. (Knorr Cetina, 1999; 106) 

 

Transcript Micro 33, clip 5, 6.19 

Leia: expert 

Hilary: novice 

Happy cells in a diagram 
 
1 Leia:   I mean, this slightly different, but I don’t 

2  know if that was from sitting around too long after,  

3  on the bench, or whatever, cause I’m sure these guys  

4  are much happier once they do switch to, you know, 

5 oxygen= 

6 Hilary: Right  

7 Leia:  =and they’re: “Oh, finally we have, we can 

8  grow” So, that it might really be a reflection of 

9  we’re letting it= 

10 Hilary: Catch up 

11 Leia: =catch up a little bit 
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  In this clip, Leia inspects the bars in a diagram, and compares them by letting her 

pointing pencil move from one bar to the next of three having approximately the same 

height. She lets the point of her pencil rest on one of the bars saying: “slightly 

different”, referring to the size of the bar in the diagram. Then she moves her gaze 

away from the diagram, looking up and over at Hilary while expressing her 

uncertainty about why this is different. Next, she suggests that the reason was that 

“they” were “sitting around too long on the bench”, and we understand “they” to be 

the actual bacteria, Leia having moved from the symbolic representation of the 

diagram to the genuine creatures in the tubes. Hilary gives her approval by nodding. 

Then, by claiming that “these guys are much happier once they switch to oxygen”, 

and pointing at the two highest bars in the diagram, Leia indicates clearly that those 

bars have a direct relationship to the original data and removes any possible 

ambiguity of perspective. And finally, Leia assumes the identity of the cell and 

shows, by performing both verbally and bodily, how happy the bacteria are when they 

are let out of the anaerobic chamber and allowed to “catch up” i.e., to grow with 

oxygen. (I will have more to say about such changes in perspectives in the next 

section). 

The next clip illustrates a problem case: the computer-generated inscription does not 

correspond to what the expert knows about the data.  
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Transcript Micro 35, clip 3, 0.01 
 
Leia: expert 
Hilary: novice 
 
The computer has problems 
 
 
1 Leia:  I think it has problems, like, or maybe I 

2  don’t understand the program well enough to be able  

3  to define it real well 

4 Hilary: So the program has problems, the experiment doesn’t 

5  have problems? 

6 Leia:  No, the experiment is fine, I think it is a fine way 

7  to test it [he he] 

8 Hilary: [he he] 

9 Leia:  Ah,(1) the, I guess the problem is… 

10 Hilary: So this is ambiguous? 

11 Leia: Right 

12 Hilary: The program could be right on, [and it could] 

13 Leia: [or it could find] “Oh, that looks like a little bit 

14  of an FnR box and this looks like a little bit of an 

15  ArcA box”, in the sense, they, since these promoters 

16  are regulated oftentimes by both, then it could be 

17  sort of [mixing up the two] 

18 Hilary: [The boxes] look similar, but the protein itself can 

19  determine them, where the computer is= 

20 Leia: Right 

21 Hilary: =taking the similarities as it could be either 
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     By using hedges (“I think” twice and “I guess” once), Leia expresses 

uncertainty and attributes the problem to her own insufficient understanding of the 

computer program. She fears that she does not have enough knowledge to 

communicate efficiently with the program. By her question, Hilary shows that she 

suspects that the computer program, rather than the experiment, is having a problem, 

and Leia agrees by confirming that the experiment is fine. They discuss the abstract, 

computer-generated representation and find that it does not seem to represent what 

they know about the actual data. Hilary then probes into the reason for this 

discrepancy, and after some discussion, she and Leia agree that, whereas in the actual 

data, the protein has no problem finding the proper binding location in the bacterial 

cell, the computer program does not distinguish between two different binding spots 

(“boxes”), due to their similarity.  

Leia uses many gestures in this sequence. When uttering “define”, her hands 

enclose something, as if she holds the definition in her hands. Then she keeps her 

hands loosely together in a resting position while Hilary states, in the form of a 

question, that “the experiment doesn’t have problems?” When Leia agrees by saying 

“No, the experiment is fine”, she extends her left hand towards Hilary, with fingers 

outstretched, as if to reassure her; she moves her hand three times towards Hilary 

while assuring her that it is a fine way to test it. Leia keeps her hand outstretched on 

her knee, she hesitates for a second, then pumps the hand up and down twice – fingers 

still outstretched, and says: “I guess the problem is…”. When Hilary asks if “this is 

ambiguous ?”. Leia stops her hand in mid air, and rests it on her knee, still with 
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fingers outstretched. She defines the FnR box with her left hand, holding it in a 

square-like shape; then she does the same for the ArcA box with her right hand. 

When she reveals that “the promoters [regions of DNA that facilitate gene 

transcription or duplication] are oftentimes regulated by both [boxes]”, her hands 

make a half circle from the middle and out, holding them still until she says “it [the 

program] could be mixing up the two”. Then her hands wave back and forth towards 

each other, in a movement illustrating “mixing”.  

Leia clearly shows through her gestures that she is looking for a way to define 

the problem (line 3) when making a grasping gesture while uttering the word  

“define”. In line 9, Leia hesitates before launching into a possible definition of the 

problem; her hand pumping up and down could indicate an energetic new start 

towards identifying the problem. In lines 13-15, the FnR box and the ArcA box are 

identified by Leia’s gestures as two separate entities, while her hands, in line 17, 

make four separate ‘mixing’ movements, to coincide with the utterance “mixing up 

the two”. Rather than searching for words or substituting gestures for words, Leia 

seems to conceptually co-articulate words and gestures in order to illustrate multi-

modally what she tries to convey to Hilary.  

Hilary’s more modest gestures are limited to pointing to the computer 

whenever she mentions the machine or the program. By contrast, when she mentions 

the protein, she grabs ‘it’ in the air and pulls ‘it’ towards her, waving a hand back and 

forth between two positions while uttering: “It could be either”.   
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           In this way, expert and novice, while discussing the complex relationship 

between the material object (the bacterial cell about to be cloned) and the abstract 

representation created by the computer program, create a bridge between the two 

spheres by their talk, but especially by their gestures indicating phenomena in both 

semiotic domains. On the one hand, we have the computer program where things 

seem to be unclear and ambiguous; on the other, we have the experimental level 

where things seem to function properly. By creating a conceptual/gestural bridge 

between the two domains, the interactants try to realign this discrepancy, re-narrating 

the experiment by drawing on both semiotic domains.  

 

The scientists performing as bacteria 
 

At the next level, the human scientists present their knowledge by using 

dramatizations to show how cells behave in certain situations. They do this by acting 

out scenes in which the cells are the protagonists, expressing concerns or happiness in 

a human way, or behaving in ways known to the experts, based on the latter’s 

thorough knowledge of the cells’ life cycles. The scientists assume the identity of a 

cell or cell colony and, by staging a performance, give voice and lend their bodies to 

those invisible entities. 

In the following clip, Leia performs the splitting of the cell, as it takes the first step 

towards multiplying.  
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Transcript Micro 32, clip 5, 7.00 
Leia: expert 
Inger: anthropologist 

 

I’m gonna split in half one day. 
 

1 Inger:  They don’t need a sexlife to procreate? 

2 Leia:  He he, one’s all it takes, it’s easy, you don’t have 

3   to find a mate, or, he he 

4 Inger:  No, they just start growing 

5 Leia:  <impersonating a cell> I’m just gonna split in half 

6   one day, he he, <rocking back and forth> 

 

 
 Leia is familiar with the illustrations of cell division in the textbooks, and she 

demonstrates her knowledge by moving her body back and forth, symbolizing the 

two halves of the cell after the split. Prior to this demonstration, she explains that 

“it’s easy” for the cells, they “don’t need to find a mate”, and “one is all it takes”, 

thereby implicitly comparing this uncomplicated way to procreate with that of the 

human condition, where finding a suitable mate can be problematic at times. The 

merging of the two identities, the scientist as the subject and the cell as the object, so 

dependent on each other in their day-to-day work, creates an intertextual space 

where scientific facts can be compellingly conveyed to the novice, based on the 

common cultural conventions for visual and gestural representation. It also 

demonstrates this expert’s high level of engagement both in her scientific and in her 

pedagogical endeavors. 
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 In the next clip, Leia describes the difference between uni-cellular beings 

(bacteria) and multi-cellular ones (humans). 

 

Transcript Micro 53, clip 4, 0.26 

Leia: expert 

Inger: anthropologist 

Biofilms 
 
1 Leia:  Like, there’s at least  

2 some sort of stage in one of bacteria’s lifecycles=  

3 =that, that is sort of multicellular [in characteristic] 

4 Inger:    [What, what…?] 

5 Leia:  Or even the biofilm, that is like a complex structure 

6  and so, do you consider it multicellular then at that point?  

7  Because, you know, it’s totally different when it’s growing as a  

8  biofilm, and, you know, you have different populations, sort of,  

9  contributing to the whole formation of the thing  

10   They make, uhm, like a sugar layer, also, that helps them kind of  

11  stay compact and, and… 

12 Inger: Uhum, [stay, stay in the family] 

13 Leia: [Stephanie can tell you all the, the] right, I know that they have  

14  pili that are important then, for the attachment and to, sort of,  

15  start the first layer of: “Oh, let’s hold on to the surface  

16   and make a biofilm” or something, but… 

17 Inger: That’s right, he he 
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 Leia explains why the biofilms, which are made up of unicellular entities, 

could perhaps be characterized as multi-cellular wholes, since the individual cells 

unite to form a larger structure, and have a way of communicating in order to 

cooperate. They make a sugar layer that helps them stay compact, and they have ‘pili’ 

(hairlike organelles) that they make use of to attach to the surface and start the first 

layer. At this point, Leia takes on the role of the whole biofilm and exclaims: “ Oh, 

let’s hold on to the surface and make a biofilm”. It is clear that she is acting on behalf 

of all the cells in this ‘cooperative’, since she uses the pronoun ‘us’ in “let’s”. The use 

of ‘us’ is also indicative of her own attitude to the structure: that it is made up of 

multiple unicellular beings instead of being a multi-cellular entity. 

 In the next clip, the novice, Hilary, apparently has picked up this dramatic 

mode of presentation from her discussions with Leia.  

 

Transcript Micro 40, clip 6, 7.32 

Leia: expert 

Hilary: novice 

Inger: anthropologist 

 

I’m a bacteria and life is high. 
 

1 Hilary: So we heat-shocked them, we took them out of the ice, and put  

2 them in hot water, and took them out, and put broth in them so  

3 they can eat. 

4 Inger:  Oh 

5 Hilary: And then we put them in the [shaker] 
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6 Leia:  [So now] they’re eating, they’re happy for a little bit 

7 Inger:  Oh yes, now you’re feeding them 

8 Leia:  Yes, we’re feeding them, we’re allowing them to recover= 

9 Hillary: [They’re like: “Aaaaaaahh”, he he he]= 

10 Leia: [= after we put them under such strenuous (xxxxxx)] he he he 
 
11 Hilary: =“I’m a bacteria and life is high” 

 

Hilary tells me (who am even more of a novice than she is herself), how they 

have heat-shocked the cells by taking them out of the ice and putting them in hot 

water, then finally in broth so they can eat. Leia adds that the cells are eating and 

happy for a little bit, because they are recovering from the strenuous handling they 

have been exposed to. Hilary pretends that she is a bacterium, leans back and says 

“Aaaaaaaahhh”, expressing the highest delight, and then adds: ”I’m a bacteria and life 

is high” 

 

 

CONCLUDING REMARKS 
 

The present chapter has described the various ways scientists, through 

multimodal activities, create moments of shared participation between themselves and 

their research objects. I have shown how experts and novices, working together in the 

laboratory, present data at three different levels: one, discussions and analysis of 

cells, observed directly on Petri plates or test tubes; two, examination of visual 

representations (inscriptions) of some stage in the cells’ life cycle; and finally, three, 
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dramatization of cell or cell colony behavior, in which the scientists assume the 

identity and perspective of the bacterial cells, and by staging a performance, both lend 

voice and body to their non-human objects. 

The shared intertextual spaces between scientists and scientific objects have been 

circumscribed through a heterodox use of the animate (in fact, strictly human) 

pronouns ‘I’ and ‘you’ with inanimate-subject verbs, in line with what Ochs, Jacoby 

and Gonzales (1994, 1996) have argued regarding the existence of diffuse boundaries 

between humans as subjects and non-human entities as objects.  

The work done in a microbiology lab not only invites, but actually depends on, the 

use of gestures and body postures; in addition, the human senses are recruited in 

establishing points of view, in discussing and analyzing the data. Such embodied 

interactions occur in a space shared by human scientists and scientific objects as co-

participants, here, the scientists attribute certain anthropomorphic properties to their 

objects of scrutiny (like happiness or stress). The outcome of this process reflects a 

shared, reciprocating culture comprising both persons and bacteria. And indeed: if the 

bacteria are assumed to share sensations with their human partners, then conversely 

the latter may easily adopt the identity and perspectives of the bacteria in dramatic 

pedagogical performances. 
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Chapter 3: Narratives in the Microbiology Lab 

 
 

INTRODUCTION 

 
A web of stories binds the microbiology work environment together. This web 

provides the long-time members of the laboratory with a solid cultural background, on 

the basis of which they can socialize younger scientists into the particular laboratory 

culture that the older members have helped build up – a culture that is conducive to 

performing cutting-edge scientific experiments, while providing a fertile ground for 

nurturing young inexperienced scientists. With its many experienced members, the lab 

represents an important phase in science education, a place where young scientists 

receive their hands-on training, learn from their successes and failures, and are integrated 

into the professional customs of their field. It is also a place where novices, aided by the 

lab’s narrative web, form their professional identities as scientists, and where they both 

establish collegial bonds and initiate cooperation, and run into conflicts with, other 

scientists. 

 Narratives have been studied from many perspectives: How is a typical narrative 

built up? What are the necessary elements that make up a story? Labov and his 

collaborators have given one answer to this question from the point of view of what goes 

on in personal narrative (Labov and Waletzky, 1967, Labov, 1972). Their list of 

descriptive features was useful for determining what constitutes a narrative (in western 
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cultural contexts) and for distinguishing narratives from other types of interactional 

exchanges that take place in a conversation.  

According to Labov and Waletzky (1967), a simple narrative consist of a 

beginning, a middle, and an end; fully-formed types of narratives were found to have up 

to six elements of narrative structure: abstract, orientation, complicating action, 

evaluation, result or resolution, and coda. Other well known approaches to structural 

analyses of narratives in literary and anthropological literature include Propp’s 

syntagmatic typology of Russian folktales (Propp, 1968 [1928]), Lévi-Strauss’ 

paradigmatic analysis of myths (Lévi-Strauss, 1955), and Barthes’ definition of structural 

levels in narratives (Barthes, 1975). Structural approaches to the study of narratives in 

Europe were influenced by structural methods in linguistics, especially as applied in the 

works of the Prague School. These narrative methodologies were based on the structure 

of folktales and literary works; their protagonists were linguists and folklorists, literary 

critics, and philosophers. 

To the structural features mentioned earlier, Labov added another feature, 

‘reportability’ (Labov, 1997). Reportability refers to whether a story is worth telling, in 

particular whether it contains newsworthy information or unusual content. Reportability 

directs the focus of a narrative towards its functions within a given context by 

incorporating considerations of context into the story’s structure. However, according to 

Labov, reportability still mainly refers to the narrative itself; there is no consideration of 

the audience as recipients, or of the narrative’s appropriateness in specific contexts.  



 60 

The shift in focus away from the narrative structure proper was brought about 

mainly by Sacks (1992), and was later followed up by scholars like Ochs and Capps 

(2001) and Norrick (2005). Introducing a novel term, Sacks defined ‘tellability’ in terms 

of new and unexpected local news, moving the focus away from the story itself to the 

negotiation of a story between teller and audience. Ochs and Capps (2001) qualified 

tellability in terms of degrees, from ‘low’ to ‘high’; furthermore, they defined tellability 

not only as an aspect of the story itself, but also as dependent on the audience and its 

context. Norrick (2005), elaborating on the concept of ‘high’ and ‘low’ tellability, 

claimed that some stories were ambiguously two-sided, in that they were basically 

untellable (they ranged lower than ‘low’); but at the same time they possessed very ‘high’ 

tellability, as in the case of stories that were transgressive, too personal, too intimate, or 

frightening, or of stories that were deemed embarrassing or obscene for some audiences. 

 There seem, then, to be different kinds of tellability: inherent tellability, where the 

reason for telling the story lies in the story itself: the content is newsworthy and exciting, 

entertaining, and extraordinary. This kind of general, universal tellability seems to fit the 

pattern of the traditional fairytale and similar, established stories, where the teller often is 

a professional performer or an accomplished storyteller. 

 Contextual tellability, by contrast, seems to refer mostly to conversational 

narratives, where stories appear in the course of ordinary conversation. The specific 

context in which the narratives are told lends relevance, and therefore tellability, to the 

story. The work environment, the business meeting, the bar, or the fitness center each 
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have their own preferences for what kind of story is tellable in the specific environment. 

A dirty joke may be suitable in a bar, but is highly inappropriate in a business meeting. 

With regard to size, narratives embedded in conversation, so-called small stories in larger 

contexts have been the focus of some researchers (Linde, 1997, Bamberg, 2007), while 

from the field of discourse analysis, a number of studies have appeared which define 

even smaller segments of narratives as genuine stories (Ochs and Capps, 2001). 

The structure and size of stories are, however, not the main concern in the present 

analysis of narratives in the workplace. Rather, it is the pragmatic functions that stories, 

anecdotes, and narratives fulfill in the specific context of the scientific lab – a context that 

also serves as a place of learning, a socialization agency into a professional field, and an 

introduction to the culture of the workplace. Not all work situations can be defined in this 

way, because in most workplaces, work takes precedence over learning, and interaction 

seems to be favored according to its usefulness for the work. (Filliettaz, 2011). Thus, 

Holmes and Marra document a clear distinction between work-related reports and social 

anecdotes. In the workplaces they describe, the majority of narratives are work-related, 

and these are also the longest, while social anecdotes are fewer and shorter, which 

indicates that in those workplaces, work reports take priority over social interaction 

(Holmes and Marra, 2004; Marra and Holmes, 2004).  

The psychologist Bruner has emphasized the importance of narratives in the 

organization of experience, as well as the function of narrative interpretation in the 

negotiation between the ordinary (‘canonical’) and the extraordinary (‘transgressive’; 

Bruner, 1990). In the writings of Polkinghorn, we become familiar with the differences 
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between people’s experienced meaning and the stories they tell about this meaning, and 

how past experiences and memory are organized through narratives (Polkinghorn, 2007). 

Another cognitive scientist, Clark, claims that narrative is an effective method of 

transferring knowledge, since memory and narrative represent first-hand and second-hand 

perception respectively, and therefore are cognitively indistinguishable in the same 

person (Clark, 1997).  

A university laboratory is both a workplace and a place of learning, and since the 

present study has its focus on the learning aspects of this particular workplace, I will 

concentrate on the interaction taking place there and the relationship between experts and 

novices, as manifested in the narratives and stories told in connection with that 

interaction. These stories are told to the novices by the experts in the course of instructing 

and demonstrating skills and techniques, as well as in their collaborative work when 

doing an experiment. Such narratives are designed to give the novices the knowledge and 

experience necessary to conduct their own experiments without the assistance of the 

experts, and thus become full-fledged members of their community of practice (Lave and 

Wenger, 1991). In addition to introducing the novice to the skills and techniques used in 

connection with the experimental work, the expert conveys the local hierarchy to the 

newcomer. By adopting the stance and attitude of expert, he/she assumes the role of 

authority with the attendant responsibility for the learning process (Ochs and Taylor, 

1996). 

Narratives told in connection with a learning situation serve many different 

functions, each one connected to different aspects of what the novice needs to learn in 
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order to eventually become an experienced scientist and a participant in the practice of 

his/her scientific community. Thus, we encounter stories introducing the novice to the 

field and its history, stories about past and present members of this and similar labs, and 

anecdotes about the great and famous men and women who made the field of 

microbiology into what it is today.  

 

THE HISTORY AND TRADITIONS OF THE LABORATORY WORKPLACE  

 

When the novice enters the lab, either as a graduate ‘rotation’ student (explained 

earlier in chapter 1), or as an undergraduate student whose advisor has arranged for 

her/him to do a special project, s/he enters a professional community where the 

researchers, the lab members and their lab leader have created and sustained particular 

traditions. In some ways, this community of practice is similar to that of many other 

laboratories; however, each lab develops its own specific customs in a variety of ways. 

Through stories, the novice is introduced to the lab’s history. Each lab also has its own 

‘origin narrative’, describing how the PI (principal investigator) was called upon to 

establish a lab with his/her specific research interest, how past members contributed to 

both successes or failures by making scientific discoveries and innovations, and how they 

all cooperated in gaining financial support for their research from different funding 

sources. Anecdotes are told about past professors; through such stories, the predecessors’ 

knowledge and tools regain importance as the appropriate background for this epistemic 
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community; in this way, too, the teller establishes authority as the experienced and 

knowledgeable teacher. In order to make the novice feel like an insider and a true 

member of the community of practice in question, this background knowledge is shared 

through a formal introduction of historical facts, cautionary tales, and atrocity stories 

(Knorr Cetina 1999), as well as through stories and anecdotes of a more informal kind, 

scattered among the social and professional interactions taking place at various moments 

in the course of the workday and during lunch breaks or social events.  

 Tales about the history of the discipline, at times when things were more 

complicated, serve to encourage young novices. Tapping into the history of the field, the 

stories evoke how the field was developed and evaluate the results that have been 

obtained. Together with the scientific knowledge, these stories also document how 

progress was made, and how the many difficulties were overcome over time. 

 In the following example, Steph, the expert, places herself back in time as a 

beginner, and reminisces about her professors. One of her professors is introduced as a 

real hero, another as someone who had witnessed major scientific discoveries. 

  
Transcript Micro 7, clip 06. 1-0.57 
 
Expert: Steph 
Novice: Carol  
 
History 
 

1 Steph:  He’s really cool, he’s – some of the things, like no 

2 when we’s you know, there’s a question that we can’t  

3 figure out, it’s like, we should go talk to Hartung 

4 cause he probably [knows]= 
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5 Carol:    [knows] 

6 Steph:  =anything that’s like membrane, anything or yeah,he 

7 knows, he knows a lot. Just, I mean,it’s true, he’s  

8  been in the field for a really long time, he was in  

9  it when it wasn’t so developed, 

10 Carol:  Yeah 

10 Steph: so he’s really been here, been through all these new  

11  developments – PCR, you know= 

12 Carol: Oh, yeah, yeah <smiling and nodding> 

12 Steph:  = so,it’s interesting that he knows all these things. 

13  Miller too, Bill Miller he, yeah, which is– 

14  all the things that they can tell you that are – you  

15  could probably find in a textbook but it doesn’t mean 

16  as much as when someone= 

17 Carol:  Yeah 

18 Steph:  =like, well, you know, they tell you like a personal 

19   story like, yeah Bill was working on that= 

20 Carol:  he he yeah 

21 Steph:  =you know. It’s just like OK, heh heh 

22 Carol:  yeah 

23 Steph:  Yeah, it’s really fun, it’s cool talking to them,  

24   it’s lot of history. 

 

 

The expert in this clip, Steph, expresses her admiration for two of her professors, 

Hartung and Miller, who have been in the field for a long time, and according to Steph, 

know a lot. As to Hartung, when Steph tells Carol, the novice, that he is “really cool” (in 

the contemporary language use of young graduate students), this is a sign of the highest 

regard for a professor. In this environment of scientific research, it is regarded very 

positively to be willing and able to answer all the questions that students cannot figure 

out, and the fact that Hartung is making himself available to the students who want to ask 
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questions, contributes to an open and encouraging educational atmosphere. Steph 

considers her professor to be a hero, and defines the cool hero as someone who is 

personally available to his students and also able to create a community of valued 

individuals.  

Steph makes her claim even stronger, remarking first that Hartung will know 

“anything that’s like membrane”, 4  but then changing her claim to  “a lot”. Steph 

explains further that her hero has been in the field for a long time, even before it was very 

developed. Steph goes on to elaborate on the new developments that Hartung has been a 

part of, emphasizing the PCR (Polymerase Chain Reaction) procedure, now a standard 

procedure used in all microbiology labs;5 but in 1983, this represented a really big 

breakthrough. Carol, who is familiar with the PCR procedure and its history, also seems 

to be awed by these historical facts, as evidenced by her expression “oh, yeah, yeah”, 

indicating both surprise and strong agreement.  

Steph goes on to suggest that even if they could find such information in 

textbooks, it does not compare to the personal stories that these two professors, Hartung 

and Miller, can tell their students. It means so much more to have real persons, like 

Miller, associated with important developments in the field. Steph concludes with an 

evaluation: “It’s really fun, it’s cool talking to them, it’s a lot of history”, which indicates 

that young scientists are aware of the value that is embodied in the history and the culture 

                                                
4 Membranes in this case mean ‘cell membranes’: which are biological membranes that separate 
the interior of cells from the exterior environment. 
5 In 1983, Kary Mullis developed the procedure for which he later received the Nobel Prize in 
Chemistry (along with Michael Smith), 
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of scientific knowledge, and of the fact that the professors enjoy communicating their 

knowledge to the newcomers. 

In the next two clips, Hilary, the novice, has an occasion to practice her role as an 

expert, informing Inger, the anthropologist and herself a novice, about her own thoughts 

on the development of the field. 

 

Transcript Micro 30, clip 3, 9.20 

Novice: Hilary 

Anthropologist: Inger 

History 

 

1 Hilary: I think scientists of like the previous generation  

2  had to be so much more clever, cause they had so many  

3  less things to work with= 

4 Inger: Yes 

5 Hilary: =than today, we have so many crutches 

6 Inger: Oh yeah, but you also have to learn to work with 

7  those 

8 Hilary: True 

9 Inger: he he, so you get more technological and more 

 10  computer-savvy, I guess= 

11 Hilary: Right 

12 Inger: =and you can find out more, I guess  

 

 

   
 

Transcript Micro 35, clip 2.52  

 

The old-fashioned way 
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1 Hilary:  I think, that’s the benefit of the kit method too, is 

2   that they’re selling you a product that should work, 

 3   so it’s more failsafe than doing it the old-fashioned 

 4   way 

5 Inger:  Yeah, it’s, it’s, it’s, lots of corporations are 

6   doing, or companies are doing most of the ground 

 7   work. 

8 Hilary:  Right 

9 Inger:  Yeah, Julie told me that her, I think her grandfather 

 10   was a chemist, and he used to make all his tools  

 11   himself. 

12 Hilary:  That’s cool [isn’t it]? 

13 Inger:  [he he] 

14 Hilary:  he he 

 

 

These two small stories are co-constructed by the two novices, which indicates that 

even if Hilary knows more about microbiology, Inger has the privilege to support and 

broaden Hilary’s claims because they share the neophyte position. In the first clip, when 

Hilary praises the previous generation for being much more clever and not working with 

“crutches”, meaning new technologies, she expresses a novice’s anxiety about her own 

ability, and her uncertainty about reaching the same level of knowledge as that of the 

pioneers. Inger remarks that these new tools are not only crutches, but that they require 

learning, too, and in that learning process, one may become clever in wholly different 

ways; this can open new perspectives and lead to new knowledge. Both express their 

admiration for the pioneers in the field, but also recognize the advantages of new 

technologies.  
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In the second clip, Hilary and Inger collaborate in telling the story by comparing the 

old-fashioned way of doing experiments and fashioning tools to contemporary kit 

methods. Previously, experiments were conducted with labor-intensive measuring 

methods, including mixing different buffers and components. At present, certain basic 

procedures have been commercialized and are marketed as kits by private corporations. 

These kits, which are supposed to be “more failsafe” than procedures that start from 

scratch, are sold to laboratories and save the scientists lots of time-consuming and tedious 

work.  Even so, the two novices are fascinated by “the old-fashioned ways”, and their 

collaborative stories indicate their feeling that without the perspective of previous 

accomplishments, one cannot properly evaluate advancements in the field. They are both 

impressed with the ‘craftsmen’ that these early scientists were, fashioning their own 

tools, although they recognize the advantages of technological precision and accuracy of 

method.   

 

WORK-RELATED NARRATIVES 

  

 When expert and novice work side by side on an experiment, the expert illustrates 

her explanations with small anecdotes about how and where she herself learned the 

relevant skills and procedures. Through the knowledge contained in such stories, memory 

and imagination are brought to bear on the task at hand. (Knorr Cetina, 1999) 
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Most work-related stories function as instruction in narrative form, explaining the 

specific experiment that the expert and novice are conducting. Theoretical background 

knowledge about processes in nature, compared to those elicited in the lab, is 

communicated to the novice along with instructions for how to perform certain 

procedures. Often, however, small stories of a more personal kind that capture prior 

experiments in their original setting are inserted into a technical explanation.  These 

anecdotes are selectively conveyed to the novice, who thereby is made familiar with the 

stock of reportable stories in the lab.  

Experts tell stories about past and present experiments, both successes and 

failures. According to Knorr Cetina (1999), stories about botched experiments, in the 

form of what she calls ’atrocity stories’, circulate among the lab members as a sort of 

preventive measure, to ensure that such mishaps don’t happen again. Especially popular 

with the novices are stories about the expert’s own blunders; they tend to be cautionary 

tales, warning against being careless with hazardous materials or growing cultures at the 

wrong temperature. Anxiety about failure when performing new and complicated 

procedures may affect the novice’s hand-eye coordination and actually cause her/him to 

falter. On such occasions, the novice appreciates hearing the expert tell a story about 

when she herself messed up an experiment, and to know that failures do happen to others 

as well; experts are therefore aware of how stories about their own failures can have a 

positive impact on the novice’s learning curve: several repetitions of the experiment will 

lead to eventual success and to heightened self-esteem for the novice. In the learning 

situation, when the expert aligns herself with the novice and shares embarrassing 
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situations from her past training, the novice may find it easier to accept her/his own 

inexperience. These anecdotes therefore function as ‘encouragement stories’ for the 

novice, since they take the edge off the disappointment over her/his own clumsiness. In 

this environment of learning, failures happen quite often; this should not lead to despair, 

but to the realization that experiments need to be repeated. In this way, the atrocity stories 

contribute to the novice’s skill and experience. 

The expert also shares personal accounts from her past training with the novice. 

By sharing her scientific identity formation with the novice, the expert cooperates in 

creating the basis for the novice’s emerging scientific identity, and allows her own past to 

inform the novice’s understanding of the present. By co-constructing the learning 

situation and its background, the expert and novice collaborate in making meaning of 

their activity. 

Every successful experiment is an occasion of achievement, and is often 

remembered in the form of stories about what went well, and what was learned from that 

event. Both success and failure stories function as powerful memory devices, both for the 

expert and the novice.  

 
Transcript Micro 13, clip 2, 1.22 (narrative) 
 
Expert: Steph 
 
Novice: Carol 
 
Temperature sensitivity.  
 

1 Steph:  Another thing is that we put them in 37, after we 

2 plate them, and we should have put them in 30 uh 
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 3 Carol:  They’re growing fast? 

 4 Steph:  Yeah, there’s something about this, there’s different, 

5   there’s temperature regulation= 

6 Carol:  <nods> 

7 Steph:  =in Vibrio and Shigella,Shigella is really (?) virulence, but like, 

8   37 is sort of the environmental condi– = 

9 Carol:  <nods> 

10 Steph:  = er, switch that, 30 is like the environmental condition, 37 is 

11 Steph:  the infection condition= 

12 Carol:   <nods> 

13 Steph:  =so, and really, the rugose is probably environmental= 

 14 Carol:  Yeah 

 15 Steph:  =eh, survival mechanism= 

 16 Carol:  Yeah 

 17 Steph:  =so, yeah, I meant to have it at 30, I’m really mad about that= 

 18 Carol:  ((smiles)) 

19 Steph:  there’s something like, some of our plasmids are temperature= 

20   =sensitive, you have to have them at 30 or you clear the 

21 plasmid, and it usually takes me about three days to grow’em and 

22 I, like = ((laughs)) 

23 Carol:  ((laughs)) 

24 Steph:  = keep forgetting 

 

 

  

 Steph and Carol have conducted an experiment with Vibrio cholera bacteria 

grown in anaerobic conditions (without oxygen), and they are puzzled about the fact that 

the cells did not grow. Steph remembers that they put them in an incubator at 37 degrees 

Celsius, when in reality they should have been in a 30 degree incubator. Carol asks if it’s 

because they are growing (too) fast (she may think that bacteria grow faster in warmer 

conditions). The difference of 7 degrees is critical, however, for these bacteria, because 

their virulence is turned on according to the temperature in their surroundings. After a 
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false start, where Steph explains to Carol that 37 degrees C is the environmental 

condition, she interrupts herself: “er, switch that”, and she explains that 30 degrees C is 

the environmental condition in nature, while 37 degrees C is the infection condition. This 

means that the virulence in the bacteria is not activated when the bacteria stay in their 

natural environment in estuary ecologies and wetlands. Rather, the virulence is turned on 

in the human gut at 37 degrees C, and the strain of Vibrio cholera produces a toxin, 

which triggers a flooding of the small intestines with a diarrhea-producing liquid. Steph 

comments further that the switch from smooth to rugose morphology (as described 

earlier, in Chapter 2) probably is an environmental survival mechanism, since the 

bacterium’s rugose phenotype is resistant to several kinds of environmental stress. 

Having been cultivated at 37 degrees, the bacteria probably caused the plasmid6 to ‘clear’ 

(become unstable and eventually disappear), which would explain why the researchers 

failed to see any growth. Steph explains that she meant to grow the bacteria at 30 degrees 

C, and she is annoyed with herself for not doing what she knows to be right, because it 

takes three days for her to repeat the experiment. But, she laughs it off by saying: “I keep 

forgetting”.  

In this interchange, Carol, the novice, learns a lot about how Vibrio cholera 

bacteria behave and impact the human body. But she also shares Steph’s experience of 

failing to comply with set rules, and understands Steph’s irritation at herself for forgetting 

to perform the correct procedure. Carol discovers that the expert, Steph, can make 

                                                
6 A plasmid is a DNA molecule that is separate, and can replicate independently, from the 
chromosomal DNA.  
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mistakes and even laugh at them, at the same time that she is embarrassed and mad at 

herself. This may make the novice more confident and less scared of making mistakes. 

Even if an experiment fails, the procedure can always be repeated, with better controlled 

conditions.  

During Steph’s account, even though Carol poses only one question and provides only 

two positive verbal feedbacks (“yeah”), she backchannels throughout the narrative, by 

giving several nods, a sign that she follows the explanation carefully. Carol also smiles 

when Steph mentions that she is mad at herself, which can be understood as a token of 

alignment. The same holds for the mutual laughter at the end of the clip, where Steph 

admits her forgetfulness. 

Another expert/novice constellation, Leia and Hilary, is different from the Steph and 

Carol pair. Leia is an experienced graduate student (she is about to graduate), while 

Hilary is in her first year of graduate school. Compared to Carol, Hilary is more 

experienced, and she participates more actively in the interaction than Carol did. 

  

Transcript Micro 40, clip 7 

 
Expert: Leia 

Novice: Hilary 

Using the plate spinner 

 

1 Leia:  He he, I’m like, I’m gonna do it my old way, I’m setting out to do  

2 it my way instead of your way. Okay, so here’s the hundred micro- 

3 liter box one, and…((she squirts the bacteria onto the plate and  
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4 removes the spreader from the ethanol)) It’s ethanol and it’s  

5 flammable, so the drips will drip onto your bench, and if you don’t  

6 watch out, you could – 

7 Hilary:  Catch on fire 

8 Leia:  Yeah, so you just wanna make sure it’s dry and cooled a little bit, 

9  usually, (if you) touch something, not cells first, and make sure  

10  that it, sort of, it cools, not killing the cells. ((spreading the cells 

11  on the plate)) Okay, I guess you could flame and then stick it into 

12  the ethanol to kill it too. So please (xxx), same thing with the ((puts the  

13  other plate on the turntable)) while you do that, we’ll spin’em both 

14  down (xxx),  

15 Hilary: (( puts bacteria on the plate)) 

16 Leia:  And with that, just make sure, like, just cover it as much as  

17  possible, cause, just you never know because in the old lab we had 

18  things that went onto our bench, and they’d come up on the plates, 

19  and we, like, “he, he, that is a mold, that is not anything that I put in 

20  there” so I was just, (4) that was a thing to remember to heat it basically… 

 

 Just before the beginning of this clip, Leia, the expert, has told Hilary that she 

uses another way of ‘plating’ (spreading bacteria on agar in a Petri plate) than the one 

used by the other members in the lab. Instead of using a rod spreader (which is a glass 

rod bent like a triangle with a handle), she plates with a pipette tip which she curls, and 

with which she spreads the bacteria on the plate. She learned this technique in one of her 

rotation labs, and since she knows that the tips are very sterile, she has just continued to 
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use this technique. But since people generally use the rod spreader, she is going to show 

Hilary what she calls ‘the regular way’. 

 Leia has gathered all the equipment and arranged the tools and plates on the 

bench, but discovers that she is about to do the spreading in her “old” manner, instead of 

in the regular way, which she calls “your way”. She quickly changes her procedure and 

picks up the glass rod sitting in a beaker with ethanol. She has squirted the bacteria onto 

the agar on the plate, and Hilary has lighted the Bunsen burner. The spreader is flamed 

over the burner to dry off all the alcohol. Leia warns Hilary not to let any of the ethanol 

drip onto the bench, because if she is inattentive she “could –”, and Hilary finishes her 

sentence: “catch on fire”.  Hilary’s interruption may not have been exactly what Leia 

wanted to say, most probably something less dramatic, but it shows that Hilary 

understands what Leia tells her and that she thinks ahead to project the end of the 

sentence, even before Leia has finished. Leia agrees, indicating that she has accepted 

Hilary’s interpretation of the danger involved, and changes the topic. She tells Hilary to 

make sure the spreader is dry and has cooled a little, and first touch the agar, not the cells, 

because she can kill the cells if the spreader is too hot. When Leia directs Hilary to take 

over the spreading, she puts the plate on the turntable, then she utters “please”. Since the 

utterance directly following “please” is unintelligible, the meaning of “please” is hard to 

infer. It could be a polite directive, or it may be a gentle request for Hilary to take over 

the procedure. 

Leia revives stories from her own experience in this and other labs and shares 

them with Hilary. First, she warns Hilary about the flammable ethanol, and then she 
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reminds her that if the spreader is too hot, the bacteria would die. The third advice deals 

with contamination: Hilary is told to keep the plates covered as much as possible, 

because in Leia’s old lab it happened that some unidentified things from the bench got 

into the plates, and caused mold to grow. This ruined the experiment because it was not a 

substance the researchers had put there, and therefore they could not control it. In all of 

the transcripts, Leia and Hilary laugh a lot together while they work, which gives the 

apprenticeship a lighthearted character. At the same time the three examples (ethanol 

catching fire, cells being killed by heat, and plates being contaminated from the bench) 

indicate that mistakes are commonplace in an experimental environment and are hard to 

avoid.  

 

DANGERS, HAZARDS AND SAFETY RULES 

  

   In a microbiology lab, where the objects of study are virulent bacteria, 

rules for security and safety are of the utmost importance. For the regular members, such 

rules become familiar concerns, but for the novice, the rules must be learned and repeated 

again and again to prevent accidents and dangerous contagion. After the novices’ initial 

formal safety training, some of the reminders reappear in the form of stories: narratives 

about accidents and failures to observe safety rules. Such stories may take the shape of 

gossip and are told to the novice as she is introduced into the norms and customs of the 

lab. The experienced lab members remember occasions when dangerous bacteria were 

spilled and they had to sterilize their clothes in the autoclave. The experts, who often 
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have trained in other labs, recount stories from those labs about how things are done 

there, and about beliefs and perceptions that are perhaps not shared by the people 

working in the present lab.  

There are different kinds of dangers in the lab and the safety rules vary correspondingly. 

Biohazard is the number one concern, since both Shigella and Vibrio cholera are virulent 

bacteria that can cause a lot of harm if ingested. Escherichia coli (E-coli) is also used in a 

lot of experiments, since it is less harmful that the other two, but even E-coli comes in 

more or less nasty versions, so caution has to be exercised here too. The safety rules 

apply to the handling of actual bacteria in the experiments as well as to the disposal of 

waste material from the experiments. 

In order to protect themselves from being contaminated, the lab members must wear lab 

coats and gloves when working with harmful bacteria, and refrain from wearing shoes 

with open toes, like sandals. Other safety measures aim to prevent fire hazards and 

incorrect operation of equipment (such as the autoclave). The autoclave is an instrument 

used to sterilize equipment by pressurized steam at 120 degrees C or more, and has to be 

treated with respect; strict user rules apply. 

 

Transcript Micro 32,clip 5, 2.50 

Expert: Leia 

Novice: Hilary 

Fire incident 

 
1  Leia: Have you started things before from the freezer? 
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2 Hilary: [No] 

3  Leia: [I guess] 

4 Hilary: ((lights the Bunsen burner)) he he he  

5  Leia: I’m very cautious with my flame now, I’m like, 

6   after I had a little fire incident he he he, oh yeah 

7   and just watch out where your arm is, cause even up  

       8    high it’ll still get you, he he he 

 

 Leia and Hilary are about to begin an instruction session, where Leia will 

demonstrate for Hilary how to bring a tube of bacteria from the freezer, thaw it, and 

prepare it for the experiment. This is the first time Hilary is involved in this procedure, 

and Leia, shouldering her responsibility as a teacher, goes through all the little steps that 

make up the procedure, to make sure that no component is overlooked. Because Leia 

herself has experienced a gas flame that got out of hand, she is particularly cautious in 

warning Hilary that she could burn herself, even if her arm is high above the Bunsen 

burner, as gas flames are only visible close to the burner, but burn hotter and invisibly 

higher up. When Leia includes a personal experience narrative in the instruction, she 

brings her personal embodied experience into the learning, and makes the safety issue 

more concrete for Hilary, and therefore more productive. 

 

  

Transcript Micro 8, clip 4, 5.24  
 
Expert: Steph 

     
    Novice: Carol 
     
    Autoclaving 
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    1 Steph: In my first lab, they had a theory or – that if any  

2    glass touched any other glass, they’ll – they’ll  

3   explode. So yeah, that’s not the case. 

 4 Carol:  ((laughs)) 

 5 Steph:  But it’s sort of interesting that everybody in that  

 6   lab, uh, totally believed that, so any glass staying 

7   in the autoclave had to be, you know <moving her hand 

8   back and forth over the bottles to arrange them like in 

9   a regiment> 

 10  Carol:  ((laughs)) 

11  Steph: And I came here and everybody just like shoving= 

 12  Carol:  ((laughs)) 

 13  Steph:  =as much as they can into the thing, it’s like ‘Oh no’ 

14 ((re-enacting the shock and putting hand in front of eyes)) 

15 Carol:  ((laughs)) 

 16  Steph:  Yeah, nothing ever exploded so – go figure 

 17  Carol:  Okay Okay 

 

 

Steph shows Carol how to use the autoclave, and is loading glass bottles, filled 

with growth media7 that they have just mixed, into metal trays, to be sterilized in the 

autoclave. The story that she tells Carol shows that different labs have different safety 

rules or different philosophies concerning safety. Steph’s first lab experience 

emphasized the importance of aligning the bottles so that no glass touched any other 

glass, because if it did, both would explode. Everybody believed this to be true, even 

if it was false and retrospectively proved to be a myth that nobody had tried to test, 

since nobody dared challenge the power of the story. After she joined the present lab, 

however, Steph discovered that nothing dramatic happened if the glass bottles 

                                                
7 A growth medium is a nutrient broth designed to support the growth of microorganisms. 



 81 

touched each other. Carol obviously enjoys this story, she laughs while Steph goes on 

about the lab where everybody was convinced that something terrible would happen 

if they did not follow this rule. Steph re-enacts these mistaken beliefs by arranging 

the bottles in the tray into neat columns and loosening the tops (earlier, Steph had told 

Carol that the tops should not be screwed on tight, because the pressure built up 

inside the bottles would cause them to explode).  

Steph builds up her story with dramatic gestures, and she has an attentive audience in 

Carol, who laughs during the entire delivery of the narrative. Steph describes how 

shocked she was when she joined her present lab, and found that nobody observed 

these safety rules. She puts a hand over her eyes, re-enacting the shock and uttering 

“Oh no”, acting like she was expecting a big explosion. When she tells Carol about 

her discovery that nothing ever exploded, she adds the laconic comment: “so, go 

figure” implying, one, her recognition that different lab cultures embrace different 

safety standards, some of them based on myths; two, that in her present lab, 

empiricism has triumphed over mythology; and finally, three, that mythmaking is 

inappropriate behavior for a scientist. Re-enacting the past for Carol, Steph 

effectively engages the novice in the teaching to show her how myths emerge and can 

be challenged. The following clip pictures the interaction between three experts: 

Rebecca, a local researcher, Michael, a postdoc, and Leia, the advanced graduate 

student). 

 

 Transcript Micro 34, clip 5, 8.24  
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Experts: Rebecca, Michael and Leia 
 
Novice: Hilary 
 
Autoclaving 
 

  
1 Rebecca: The plastic ones are irritating because you can’t 

2 actually autoclave them like this. Oh, did no one 

3 tell you? 

4 Leia: I didn’t screw the top on, I just taped it on 

5 Rebecca: Still, it’s gonna suck a vacuum and ah, bust your– 

6 you have to put– 

7 Michael: I’ve never done that to mine (xxx) 

8 Leia: He just rests the top on 

9 Rebecca: Okay 

10 Leia: So, it’s just right, we didn’t screw it at all= 

11 Rebecca: No, I know 

12 Leia: = just taped it 

13 Rebecca: But okay– 

14 Leia: Should it be– 

15 Rebecca: Karen says that unless you put a piece of foil 

16 between, it will suck a vacuum, and it will bust, but 

 17 if Michael has experience that says otherwise 

18 Michael: Like yester, yesterday, I’ve never put foil 

19 Rebecca: What’s that? 

20 Michael: I’ve never put foil on it 

21 Rebecca: ((to Hilary)) Well, do you wanna try it? 

22 Leia: He he he, it’s either gonna be warped, or you won’t  

23 be able to get it out. 

 
In this segment, three different experts, by introducing a causal chain, are presenting 

their own version of how to prepare plastic containers to be autoclaved. Rebecca is a 

senior researcher, Michael is a postdoctoral fellow, and Leia is a senior graduate 

student; she is the main responsible mentor for Hilary, the novice. (Since the lab is a 
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small one, and everybody works close to everyone else, other experienced members 

are participating in Hilary’s apprenticeship as well).  

We have seen earlier how different labs observe different safety rules, and in this 

segment three different opinions are presented within the same lab. The question is 

whether plastic containers can be put in the autoclave without a piece of foil resting 

between the lid and the container. Rebecca is the most senior member at this point, 

and she initiates the discussion by remarking that plastic containers are irritating, 

because you cannot autoclave them “like this” (meaning with their lids screwed 

tight). Her question “Oh, did no one tell you?” is meant less as a question to be 

answered than as a remark about the failure of someone to inform the novices about 

this precaution; alternatively, she may be hinting at the novices’ failure to remember 

what they had been told. Leia replies, in accordance with what she has learned, that 

she did not screw the lid on, she only taped it shut. Rebecca is still not satisfied, 

because according to her version, doing this will “suck a vacuum” in the autoclave 

and bust the container. She starts to say: ”You have to put–” but is interrupted by 

Michael, who tells them that he has never put foil on his containers. Leia, who 

consulted with Michael just before this interaction, tells Rebecca that Michael just 

rests the top on, and accordingly, she and Hilary did the right thing when they didn’t 

screw it on at all, just taped it.  

Rebecca shows her willingness to listen, but still looks doubtful and makes a last try 

by introducing, in absentia, the super expert, Karen, the lab technician. Karen is the 
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one who is responsible for the technical equipment in the lab; as such, she also knows 

best how the equipment should be treated. Rebecca informs them that Karen always 

puts a piece of foil between the container and its lid to prevent the container from 

sucking in a vacuum and imploding. But since Michael has experience that says 

otherwise, and Michael confirms that he never uses foil, Rebecca is willing to 

concede, and she turns to Hilary with a question:  “Well, do you wanna try it?” She 

aims her question directly at Hilary, including her in the dispute among experts, 

giving her a chance to make her own decision.  

   Note that Hilary’s apprenticeship is what makes the experts have this 

discussion in the first place; normally, they just go about their work, and follow their 

usual procedures. Faced with a novice whose education they now are responsible for, 

however, all three experts strive to teach her the correct procedure. Still, Rebecca’s 

tone of voice reveals some misgivings; she is not convinced that Michael is right, and 

doubts that he knows enough about the consequences of a failed procedure. In 

response to Rebecca’s remarks, Leia bursts out laughing, immediately aligning 

herself with Rebecca’s misgivings: “It will either be warped or you won’t be able to 

get it out”– either result would be equally damaging and involve a waste of time. 

  Michael is the only male scientist in this lab, and he therefore enjoys a rather 

special position. He is British, educated in the UK, and consequently speaks with a 

British accent. These characteristics define him as a minority in this work place. 

Being English, Michael practices an interactional style that is characterized by 
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underreporting success, thereby making everybody believe that his experiments are 

less than successful. He tends to complain a lot about his uncooperative cells, which 

makes his all female colleagues regard him with mild skepticism. Michael is helpful 

and does not impose any authority, even if his position as a postdoctoral fellow is 

higher in the lab hierarchy than Leia’s and Hilary’s. As a post doc, he is entitled to 

higher pay, staff privileges and the right to be called ‘Doctor’. On the whole, the 

women seem to enjoy Michael’s sense of dry British humor, and their interaction is 

characterized by joking and teasing.  

   This co-constructed narrative shows three experts testing and contesting 

each other’s views on a certain safety procedure, even virtually bringing a fourth 

expertise into the discussion. Will such a debate between experts benefit Hilary in her 

apprenticeship? Obviously, exposing the novice to several ways of solving a problem 

will eventually serve her better than just giving her one possibility. It encourages her 

to involve herself more fully in the question, and look for the solution that she herself 

thinks more reasonable. It is instructive for Hilary to discover that experts can 

disagree about procedures, as this gives her a wider variety of choices in her own 

work. Framed in the context of adult learning in higher education, rather than having 

a learner become more confused on being confronted with different viewpoints, the 

present discussion is based on the implicit understanding that Hilary will develop a 

keen sense of the need to be flexible in confronting the many problems she will face 

in her development as a scientist. 
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STORIES ABOUT PROFESSIONAL IDENTITY 

  

Stories about how the expert became a skilled and proficient scientist are often told 

by the lab scientists while practicing manual skills and demonstrating preferred 

techniques. Such skills are developed both as tacit and explicit knowledge, the former 

gained by practice only and not easily transferred to others verbally. Manual skills, along 

with tacit and explicit knowledge, form part of the identity that a novice develops during 

his/her training as a professional scientist.  

Every profession favors special kinds of expert qualities in their members; in 

microbiology, hand/eye coordination and manual dexterity are important parts of the 

scientist’s identity. The novice may learn quickly how to set up an experiment and follow 

the written procedures used in the lab; it takes longer, however, to develop the special 

manual skills associated with most microbiological experiments. Consider the difficulty 

of opening and closing tube lids, using one hand only (because the other hand is holding 

something else), or of developing spreading and plating techniques that make the bacteria 

spread evenly over the top of the agar without having them fall through the surface. 

Certain people have a talent for experimental work (they are said to have ‘a golden touch’ 

Knorr Cetina 1999: 96), while others have a hard time acquiring such skills. Regardless, 
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the manual accomplishments become part of a professional identity, an identity ingrained 

in the body as well as in the scientist’s personality. 

 
Transcript Micro 3, clip 7, 2.29 

 

Expert:  Steph 

Anthropologist:Inger 

Developmental procedure 
 
1 Steph: And it’s funny, it’s really, it’s really a developmental procedure, I  

2  mean on your, your- your hands in particular really develop differently= 

3 Inger: Yeah 

4 Steph: = than other people’s= 

5 Inger: [Yes] 

6 Steph: =[cause] eh my friend and I and a few other scientists and one girl 

7  who’s like a lawyer went to have massages for her, for her wedding 

8  shower= 

9 Inger: Yeah 

10 Steph: =and our masseuse had three scientists and she came out, she goes: 

11  “what do you girls do?” and we’re like: “we’re scientists” She’s like: 

12  “cause you have the most developed thumb muscles I’ve ever– he he 

13 Inger: Oh yes, he he yes 

14 Steph: And so, these muscles are, just are really well developed and really 

15  strong= 

16 Inger: Yeah 

17 Steph: =and she, she actually commented on on how we actually have – you know  

18  physically different than– 
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 Steph, the expert, has been telling Inger how Carol, her undergraduate novice, is 

doing as an apprentice in the lab. Carol is in her second week as a novice, and she is 

already doing some tasks on her own. She still has to consult with Steph before she does 

anything, and she has to write everything down. Also, Carol is not yet familiar with the 

most common daily procedures, so Steph cannot just ask her to do a dilution: she has to 

explain exactly how a dilution is performed. Similarly, instead of asking Carol to add 

antibiotics, Steph has to specify which antibiotics to add, and to what culture. Steph 

explains that Carol has to take detailed notes for a very long time, in order to internalize 

the different protocols and their variations, but in the end she will be able to perform the 

experiments on her own (if necessary, by looking them up in the protocol books). 

 According to Steph, Carol’s current problems initially are more technical than 

intellectual. Carol understands everything, but she can’t get the pipette to work and she 

can’t eject the sterile tips from the pipette when she has finished using them. She just 

does not yet have the hand/eye coordination that she will develop over the years.  

In the talk immediately preceding the developmental procedure transcript 

reproduced above, Steph explains how her own identity as a scientist was formed. In the 

first two lines, where she refers to a “developmental procedure”, there are lots of 

repetitions. Twice she utters “it’s really” which (if one only reads the transcript) may 

leave an impression of dysfluency or lost attention. But if one watches the video clip, no 

hesitation is apparent. She talks very fast, she may be looking for words that will fit 
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exactly what she is thinking; more likely, however, she is just ‘holding the floor’ and 

maintaining joint attention. 

 Steph focuses in particular on her hands as a site of ‘development’. A scientist’s 

hands, she claims, develop differently than do other people’s; here, she is referring to the 

many procedures the microbiologists have to carry out with their hands and fingers and 

the need to develop the necessary skills. As proof of the distinctive nature of the 

scientists’ bodily identity, she recounts the story of how she and a few scientist friends 

had a massage in connection with a wedding shower. Beauty spas often offer relaxing 

massages for a bride and her girlfriends, and Steph and her friends were treated to such 

an experience. The masseuse assigned to Steph and her friends noticed the scientists’ 

well-developed thumb muscles, and asked them what they did for a living and what kind 

of work they were engaged in. They told her that they were scientists, and she remarked 

that she had never come across more developed thumb muscles than theirs. She did not 

just call their thumb muscles ‘big’, but “developed”, and since ‘development’ has the 

positive connotation of being the result of hard work and a specific training, the scientist 

friends were very pleased about the masseuse’s comment. 

Steph, in recounting the masseuse’s reaction to their developed thumb muscles, 

omits to mention the masseuse’s sense experience involved in her discovery. ‘Seeing’ is 

obviously not enough when talking about massage, and ‘feeling’ may be too weirdly 

intimate a term when used in a beauty spa. Of course, as scientists the friends knew that 

they had strong and well-developed thumb muscles (they can even open beer bottles with 
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their thumbs!), but it was rewarding for them to discover that it was evident, even for 

people who were not engaged in science, how the scientific profession had made 

scientists physically different in this particular way. Steph’s use of “actually” (twice in 

her last remark) attends to the importance that she attaches to the masseuse’s remark, 

either as a way to upgrade the compliment or mitigating the potential effects of seeming 

boastful in constructing their own physically well-developed thumbs as an emblem of 

difference and professional pride.  

 

 

 

ANECDOTES ABOUT THE BACTERIA, THE OBJECTS OF STUDY  
 

Against the backdrop of the close relationship between the scientists and their 

objects of study, anecdotes about the bacteria are often told in anthropomorphic ways. 

This creates a humorous and entertaining tone, loved by some and scorned by others. The 

undergraduates are told, early in their studies, that they must avoid referring to objects of 

science in metaphorical or anthropomorphic ways; the students should keep their distance 

lest they should appear non-scientific and immature. Science should be no joking matter; 

young would-be scientists should take their studies seriously and show this among other 

things by the use of a well developed and balanced scientific ‘register’ (Toolan 1988).  

This socialization into scientific distance is insistent from the beginning.  A cautionary 

attitude stays with some students into their graduate years, but in the present lab, the 
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bacterium often attains the ‘status’ of human and friend (or enemy). For the novice, 

stories about how the bacteria behave and react at different stages of their development 

facilitate learning about complex relationships between bacterial and human cells within 

the human body.  

In an earlier chapter, I have described how the researchers imitate what they 

conceive to be the bacteria’s behavior: when they multiply, when they grow ‘happily’, 

and when they form bio-films to collaborate in the colonization of human tissue, all of 

which point to the same anthropomorphizing tendencies.  Here, I focus on two stories 

about the process of electroporation, a procedure used in molecular biology to make cells 

permeable enough for them to incorporate exogenous (foreign) DNA. Applying several 

hundred volts of electric current to the cell suspension makes the pores in the cell wall 

open up to the introduction of DNA from an exterior source. This latter procedure, called 

transformation, is performed in order to change the genetic makeup of the cell by 

introducing plasmids from another cell; it is part of the procedure popularly called 

‘cloning’ or genetic engineering. The procedure is a sensitive one, since the cell 

suspension has to be pure, in particular avoiding excess concentration of salts. The glass 

cuvettes in which the cells are electroporated have to be clean and without scratches, and 

the cuvettes should not be exposed to the high voltage too long, as this may cause cell 

death (‘apoptosis’, as it is called technically).  

There is always a certain apprehension involved when a novice performs this 

procedure for the first time. The expert tries to prepare her for what to expect by 

explaining each step carefully and with all the possible outcomes clearly anticipated, but 
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nothing can prepare the novice for the loud spark the machine emits when something 

goes wrong and the cells are either killed or impaired.  

In the first transcript, Leia, the expert is preparing Hilary for the electroporation 

procedure, starting with ‘competent’ cells (cells that are in an exponential growth phase).  

 

Transcript Micro 53, clip 1, 5.10  
 
Expert: Leia 

Novice: Hilary 

Competent cells 
 

1 Hilary:  How do… What are competent cells? 

2 Leia:  So, basically, you take cells that are in, uhm, exponential phase of 

3  growth 

4 Hilary:  Okay 

5 Leia:  And so from… 

6 Hilary:  You know that by time or by– ? 

7 Leia:  Time? By OD ((optical density)) 

8 Hilary:  OD Okay 

9 Leia:  So, with these, I started them, I plated them one day, and then the  

10  next morning I started, uhm, some 30 mil cultures in flasks, uhm,  

11  from the colony from each of the strains, and so then, five hours 

12  later, or something, they were all good, and I stuck’em on ice, and, 

13  and, basically you’re sort of preserving them [as they were in 

14  exponential] 

15 Hilary: [So you arrest] them in exponential, and then they’re supposed to  

16  resume, or? 
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17 Leia:  Uhum, so you keep’em on ice, and you keep’em cold the whole 

18  time while you’re doing all these washes and everything, trying to  

19  remove all the salts from the media, and things like that, so that,  

20  because when you electroporate, the salts will cause sparking, and 

21  you’ll end up, like… 

22 Hilary: What’s that? 

23 Leia:  You’ll see like a spark, inside of the cuvette 

24 Hilary: You’re shocking them too much? 

25 Leia:  You’re shocking them 

26 Hilary: Like electrocuting?= 

27 Leia:  Exactly, yeah 

28 Hilary: = to death? 

29 Leia:  Right, he he, right 

  

 Hilary, the novice, does not know, or has forgotten about competent cells, and in 

the beginning of the segment, asks Leia: “What are competent cells”. Leia proceeds to 

tell her, but is interrupted by Hilary who demonstrates the gaps in her knowledge by 

asking Leia how she knows when cells are competent, and by what measuring method 

she determines the cells’ exponential phase. Leia shows surprise when Hilary suggests 

‘time’ and gives her the correct answer “by OD”, which Hilary accepts. Being surprised 

at Hilary’s ignorance, Leia decides to go back and start her explanation from the 

beginning. She then tells the story of how she plated the cells, grew them overnight, and 

started another round of growth the next morning. When these cultures were in the 

exponential phase of growth (which means that they were growing steadily for five hours, 
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doubling their number in a stable manner), Leia judged them to be ‘competent’. In order 

to keep them at this competent level, she put them on ice to stop their growth, since if the 

cells grow too much, there is not enough nutrition, and they begin to die. By showing her 

ignorance and asking pertinent questions, Hilary restructures the narrative; she makes 

Leia start from the beginning and then directs the instruction through her questions. Next, 

Hilary asks if the cells were arrested (by putting them on ice) in order to make them 

resume their growth later, adding “or?” to indicate that there may have been another 

reason for arresting their growth. Leia responds affirmatively, and adds that she kept 

them cold while submitting them to washes and rinses in order to remove all the salt. 

These washes are important, she tells Hilary, because salts will cause sparking during 

electroporation. She begins to tell Hilary what could be the result of this sparking, but 

Hilary interrupts her with her question: “What’s that?”. Hilary is unfamiliar with the 

procedure, this being the first time that she participates in such an experiment. She is 

curious to know what the sparking means, and what the possible outcomes could be. Leia 

explains that she will see a spark inside of the cuvette, and from here on, Leia and Hilary 

co-narrate the story’s conclusion by taking turns to dramatize the end of the tale in ever 

stronger terms. Based on Leia’s initial announcement of the spark, Hilary suggests that 

they are going to shock them, and even adding “shocking them too much”. Leia agrees, 

repeating: “you’re shocking them”. Hilary then takes the argument one notch higher: by 

suggesting “electrocuting”, she brings into the story associations of deliberately causing 

death to someone, usually a human. Leia’s response: “Exactly.” signals strong agreement, 

and when Hilary adds “to death”, Leia agrees once more and laughs, then concludes with 
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“right”. Her laughter indicates that she regards this as a humorous interchange, where 

they identify the bacterial cells with humans in an anthropomorphic way, rather than 

making use of the scientific terminology that they are trained in. 

When the actual electroporation procedure was performed, not every cuvette went 

through it successfully. Some of them indeed caused a visible spark, accompanied by a 

loud crack that made us all jump. Leia assured Hilary that maybe not everything was lost; 

if she put the cells into nutritious media and quickly plated them, they might survive. So 

the cloned cells were plated on media that were mixed with a dye called Congo red. (The 

dye was put in the media to distinguish the virulent cells from the non-virulent ones: the 

dye only binds to the unique lipopolysaccharide structure of the virulent cells, the non-

virulent cells having a different structure). 

 The next morning, the expert and the novice inspect the plates, to discover that the 

cells in the sparked cuvettes had not survived.  

 

Transcript Micro 55, clip 1, 8.56  

Expert: Leia 

Novice: Hilary 

Anthropologist: Inger 
That was them crying out 

 

1 Hilary:  Inger, we killed all those ones we shocked 
2 Inger:  Oh, you killed them? 

3 Hilary:  Yeah, there was no colonies 

4 Inger:  Yeah, great, he he he 

5 Hilary:  He he he [it did shock’em] 

6 Inger:  So, [they are not on] the red, uh, (1) so actually it was, was it killed 

7  in the machine, or? 

8 Hilary:  Yeah 
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9 Inger:  Okay, uhum, (2) so they didn’t grow at all? 

10 Hilary: They didn’t grow 

11 Inger: Yeah, do they always do that, or? 

12 Leia:  When you shock’em? 

13 Inger: Yeah, [well, they sounded like] 

14 Leia:  [When you electrocute’em] 

15 Inger: [It sounded like]= 

16 Leia:  [They didn’t like] being electrocuted 

17 Inger: =it was a big explosion, you know, like crack 

18 Leia:  Yeah, that was them crying out: Aaaaaaa! 

19 Inger: Aaaaaaa! He he he, poor them, he he 

20 Leia:  Yeah, we’ll do them ((nod)) again ((nod)) on Monday, yeah 

21 Hilary: He he he 

 

Hilary tells Inger the sad news that all the cells that were shocked in fact ended up 

dead and did not form colonies. Inger’s comment “great”, followed by laughter, indicates 

that she tries to convey the opposite: she is using irony to express her empathy with the 

two researchers in their misfortune. Hilary joins in the laughter, and confirms that the 

electroporation did indeed “shock them”. Inger asks if the cells did not grow on the red, 

meaning the red plates (where the agar was mixed with the dye), and if they actually had 

been killed in the electroporator. Hilary confirms that they had not grown. By now, Leia 

has joined them at the bench, and Inger asks her if the cells always die, adding “or…” 

(line 11), expressing a hope that there might be survivors. Leia. who had not paid 

attention to the story so far, tries to catch up by asking if Inger meant, did they always die 

“when you shock’em” (line 12). In addition, by adding “when you electrocute’em” (line 

14), Leia moves from ‘shock’ to ‘electrocute’ changing the act from less intentional to 

fully intentional. 
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Earlier, when the expert and novice were planning the electroporation procedure, 

Hilary was the one who initiated the ‘death sentence’ metaphors, talking about shocking 

the cells and electrocuting them to death. In the present transcript, it is Leia, the expert, 

who repeats the metaphors, while Inger tries her best to voice her impressions of the 

sound of the spark, but without gaining the floor. After two unsuccessful bids, being 

interrupted by Leia, who proclaims that the cells did not like being electrocuted, Inger 

finally manages to produce her perception of the failed electroporation by saying “it was 

a big explosion”, and acting out the sound as she remembered it: “crack” (line 17), 

aligning with her overall take on the process. Leia immediately follows up with her own 

anthropomorphic view of how the cells may have reacted: ”Yeah, that was them crying 

out: Aaaaaaaa!” (line 18), recasting the cells as living organisms with voices as well as 

capacities to feel pain. Inger concurs with Leia’s anthropomorphic cry of pain on the 

bacteria’s behalf, commiserating with them while laughing, making the whole situation 

into one of humor and amusement. This playful episode ends when Leia announces that 

they will do the experiments again on Monday. Hilary joins in the merriment by 

laughing, even if she is the one who has to repeat the failed experiment. 

 

LAB MEETING NARRATIVES 

  

 Once a week, the entire lab gets together for a meeting to discuss routine 

business, as well as important and urgent matters. Lab meetings are the forum both for 

announcements of scientific progress and for matters of social/practical organization. The 
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first part of every lab meeting is devoted to business: the lab should be running smoothly 

and efficiently, so as to ensure that all members do their fair share of the lab duties. When 

a piece of new equipment has been acquired, the members need to be trained in order to 

use it. The organization of such training, as well as discussions of safety issues, also 

belongs to the business part of the lab meeting.  

Information and admonition about all these various duties may take the shape of 

small stories or anecdotes, sometimes containing grievances, but frequently filled with 

humor. The lab meeting is also where the lab members’ socialization into the world of 

science is pivotally arranged around the responsibilities that the PI, in the role of 

employer, has delegated to each member. Such responsibilities range from ordering 

supplies, to acting as web master and organizing the database that contains all the 

bacterial strains made in the lab. If these jobs are not being done properly, someone will 

be sure to raise the topic during this part of the meeting. The culprits make arguments in 

their defense and promise to do a better job. In this part of the meeting, there reigns an 

atmosphere of professionalism mixed with humor and comity. Much like in the typical 

family where a range of ages collaborate, the members’ specific roles are shaped as they 

work together and discover each others’ talents, skills, strengths, and weaknesses. The 

experienced senior researchers and graduate students are most active in the discussions, 

while younger graduate students take the more passive role felt to be proper to the initial 

phase of their training. They are expected to listen and learn, but sometimes they, too, 

make contributions to the agenda.  
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 Having an idiosyncratic nomenclature is a hallmark of every group or community 

of practice, This lab, too, has its share of such naming idiosyncrases, as may be seen fom 

the following excerpt.. 

 

Transcript Micro 11, clip 2, 0.15 

Girl freezer and boy freezer 

 

1 Karen:  We are saving dry ice now, it’s gonna be in the  

2 ultra low freezer that’s in the hallway in the  

3 main lab which will… is a Harris freezer which  

4 will be henceforth known as the girl freezer. 

5 Julie:  Why? ((sporadic laughter)) 

6 Karen:  Cause it’s new, fashionable, sleek, and I gave it 

7   a pink tag. 

8   ((Scattered laughter)) 

9 Karen:  The one that is down by the… 

10   ((Loud laughter and mumbling by everybody)) 

11 Karen:  The one that’s in the back by the autoclave= 

12   ((Loud laughter)) 

13 Karen:  =wait, wait, wait, the one that’s in the back by  

14   the autoclave is the boy freezer 

15 Michael:  What, is it miserable? ((laughter)) soggy hair (xxx) 

16 PI:  Real slow 

17 Michael:  He he he that’s right 

18 Karen:  That wasn’t the thought, it’s trustworthy 

19 All:  [Oh, oh ((laughter))] 

20 Michael:  [Oh, that’s a new one] 

21 Karen:  That was meant all the time, cause trustworthy, 

22   anyway it has a blue tag for its keys, so if  

23   we’ll keep describing what freezer it is, it’s a 

24   girl freezer and a boy freezer. ((general laughter)) 
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Karen, the lab technician, is responsible for acquiring and maintaining the 

technical equipment, as well as for supervising the use of such equipment by the other 

members. She is describing the new freezer where they will keep and save the dry ice; “it 

is a Harris freezer”, “it is ultra low”, “it is in the hallway” (lines 1-2). Since in this lab, 

the freezers are all piled into hallways for reasons of space, those characteristics are well 

known to the group,. Then Karen adds a new attribute; she has decided to re-name the 

new piece of equipment ‘the girl freezer’ and has given it a pink tag, pink being the 

distinguishing color for little girls in this and many other cultures. There is almost no 

reaction to this piece of news, since it is delivered with the most serious demeanor. Julie, 

who is one of the senior researchers, asks why, and a few of the members laugh. When 

they hear the answer, however: “cause it’s new, fashionable, sleek” (line 6) there is 

laughter all around. Karen goes on to mention “the one that is down by the…”(line 9), but 

is interrupted by a veritable outburst of laughter and loud mumbling. While speaking, 

Karen has turned her gaze directly to Michael, the post-doc from the UK, who is the only 

male in the lab at this time, and everybody is looking at him. It is as if everyone knows 

what Karen is going to say next, even if their laughter and mumbling comments prevent 

her from completing her sentence. When she starts again and declares “the one that’s in 

the back by the autoclave…” (line 11), she is interrupted again by loud laughter, and she 

has to tell them to “wait, wait, wait”, in order to complete her mention of the “boy freezer 

in the back by the autoclave”. 

Michael, who did not miss the group’s innuendos, their gaze, their laughter and 

mumbled comments, retorts “What, is it miserable?”, enhancing this epithet by a number 



 101 

of various other supposedly boy attributes (among other things “soggy hair”) that drown 

in the general merriment. The PI adds “real slow”, but it is uncertain if she is referring to 

the freezer, to boys, or to both. Upon hearing the PI’s characterization, Michael laughs 

and agrees (line 17). Karen, however, did not have anything negative in mind. She 

suggests that the freezer in the back is trustworthy, the members all exclaim “Oh, oh”, 

and Michael overlaps with his ironic evaluation “Oh, that’s a new one”. They all laugh 

some more and the story ends on a positive note by Karen explaining that she gave the 

boy freezer a blue tag for its keys. 

This incident could perhaps be taken to indicate that there were gender tensions in 

a lab where there are thirteen women and a single man. The women would often tease 

Michael, like they seem to do in this transcript, and he teases them back. As mentioned 

before, Michael’s position in the lab is characterized more by his nationality status than 

by his gender. Coming from Britain, he has a speaking style and a sense of humor that is 

different from that of the other members. According to some of the girls, Michael is apt 

to start humorous teasing, so they tease him back. “ He’s always making fun of us, he’s 

British, that’s what they do”, one of the female members stated in an interview.  

Michael’s female colleagues don’t consider him a threat to their own positions, 

mainly because he is not like the ambitious and egoistic male prototype that they refer to 

in stories about competition encountered in their professional lives. Under other 

conditions, with the gender roles reversed, as in an ‘all-males-and-one-female’ 

workplace, the described situation could easily have been characterized as gender 

harassment. In Michael’s case, however, there were multiple features giving him a status 
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corresponding to to his cultural identity rather than to his gender. Thus, his good-natured 

acceptance of his colleagues’ teasing remarks could index an awareness of his status 

when positioned in the environment of friendly banter. 

Further to the question of gender, I have noted earlier that the lab is directed by a 

female PI, who chairs all the lab meetings. The PI makes sure that everything progresses 

according to the agenda. As a lab leader and employer, the PI routinely delegates 

responsibilities to other members without pulling the gender card; but once in a while she 

strategically uses her female role and almost like a mother admonishes her ‘family’ while 

putting them down ‘for their own good’, as in the transcript that follows. 

On the first meeting after Christmas, the lab had moved to a new building, and as 

with all moves, both members, equipment, and materials were in some sort of disarray. 

This entire lab meeting was dedicated to the various problems provoked by the move; 

these had to be solved before the daily routines could be reestablished. In connection with  

the move, an inventory had been made and this had revealed certain irregularities in the 

supply of materials.  

 
Transcript Micro 28, clip 7, 0.00 

 

PI admonishing 

 

1 PI:  I know your mother told you this: If it’s only  

2 three drops of milk left, you don’t put the thing 

3 back in the refrigerator. Well, we end up with  

4 the situation where there is like five tubes of  
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5 of you know the enzyme and they’re all empty, but  

6 they’re sitting in there and so it didn’t get  

7 ordered and you know people couldn’t do  

8 experiments over the holidays because there was  

9 no (xxx) So don’t do that, and the other thing is 

10 when you do order something, make sure it’s not 

11 four of them some place else he he. You know,  

12 putting up the chemicals, ah, you know, there  

13 would be (1) three large things of sodium 

14 sulfite, each one has been opened and it’s that 

15 much ((measures one inch with her fingers)) used  

16 out of it and then somehow we order more and more 

17 of some of these things, eh, it’s, so check to  

18 make sure that there’s not more of it, and on  

19 office supply, don’t order office supplies for 

20 two years. 

 

When the PI launches into her narrative, she starts by invoking everybody’s 

mothers, so as to remind the members of familiar situations when they were children and 

were rebuked by their mothers. She appeals to their early socialization, implying that 

what she is about to tell them ought to be known by now, and hence superfluous to 

mention. Comparing the family milk situation to actual problems in the lab, she mentions 

that somebody was doing an experiment during the holidays and needed some enzymes. 

When this dedicated and diligent scientist opened the refrigerator to retrieve the enzymes, 

he/she found nothing but empty tubes, and could not do the experiment, as the 

manufacturers providing enzymes were all enjoying the Christmas recess. Since it is the 
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PI’s job to secure the lab’s funding, and grants are dependent on the steady supply of 

research and cutting-edge scientific results, it is clearly in the PI’s interest that the lab is 

well-stocked, and that no one is hampered in their research, not even by little things such 

as a lack of enzymes.  

The opposite can also happen, as when different members order the same thing, 

and the lab ends up with three large canisters of sodium sulfite with a little bit taken out 

of each. The ordering and use of materials impacts the whole lab community; the PI 

wants her colleagues and students to be ‘adult’, responsible members of this community, 

by sharing in the tasks and duties that make the workplace function. Even if she appeals 

to their early socialization by their mothers, she does not want them to behave like 

children in need of admonishing. 

In this narrative, the PI shifts between fictional and factual storytelling, 

dramatizing the consequences in order to make her point clearer. She uses very direct 

instructions; “Don’t do that”, “Check to make sure”, and “Don’t order office supply for 

two years”. In these situations, the PI is the expert, and her audience is ‘the noviciate’ 

receiving stern directions.   

 In the second and last part of the meeting, the lab members present their ongoing 

research and receive comments; here, criticisms and encouragements are mixed with 

recommendations for how to proceed with the projects. There are fewer occasions for 

telling stories in this part of the meeting, although it happens that one of the senior 

researchers will give the younger members a little more background information in her 

presentation. On occasions where senior graduate students, about to defend their 
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dissertations, take the opportunity of practicing their defense presentations in front of 

their colleagues, they usually offer some introductory background information. The next 

two clips represent exactly such a case, where one of the advanced graduate students, 

Mandy, does a rehearsal (a ‘dry run’) of her defense presentation for her lab coworkers. It 

is common in scientific presentations, and especially in dissertation defense 

presentations, to introduce the topic in a language that can be understood by all those 

present, as some in the audience might not be familiar with the specialized study and it is 

important to capture also their attention from the beginning.  

Mandy’s introduction is easy to understand; it is a narrative told in everyday 

language. One acronym, ‘Fur’ (for ‘ferric uptake regulation’), is used, but otherwise there 

are no technical expressions or scientific terminology in the first transcript shown below. 

Since part of her audience in the ‘dry run’ are inexperienced and beginning graduate 

students (just as part of her audience in the actual defense will be family, friends, and 

colleagues from other sub-fields), the introduction serves to whet the appetites of the 

uninitiated, even if they won’t understand all the technical details coming later. 

The second clip, however, while taken from the same presentation, probes further 

into the scientific arguments and naturally becomes more technical. Although the story 

itself is structurally similar to the introductory narrative, it is hard to make sense of it 

without special training in microbiology. The terminology is part of the specialized 

professional language that microbiologists use when they communicate with their 

colleagues at conferences and in journal articles. By presenting scientific data, the student 

members have the opportunity, in this part of the lab meeting, to practice the specialized 
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vocabulary of their scientific field. As noted earlier, their training in the use of scientific 

language takes place concurrently with the development of their lab skills and techniques 

at the workbench. 

 

Transcript Micro 9, clip 3, 2.18-3.01 

Mandy’s dissertation dry run, introduction   

 

1 Mandy:  So, as all other, eh, as with all other or most  

2 other organisms, Shigella requires iron to  

3 survive, and Shigella uses the same protein or  

4 uses a Fur protein which is used by several other 

5 ahm bacteria that are related in order to mediate 

6 ahm how much iron that gets in (1) to the cell ahm 

7 and even though Shigella needs iron, it doesn’t  

8 wanna get too much iron cause iron overload 

9 especially in an anaerob… or in an aerobic 

10 environment can lead to damage to DNA and other  

11 types of iron mediated damage. So Fur protein  

12 tightly regulates, or ahm it tightly regulates, 

13 ahm how much iron Shigella is able to get. 

 

 

Mandy’s thesis concerns the regulation of acid resistance by Fur and iron in 

Shigella flexneri. Shigella is one of the three main entero-bacteria studied in the present 

lab. It causes dysentery, the symptoms are severe diarrhea, accompanied by dehydration.  



 107 

  Mandy starts her presentation by explaining that Shigella enters the body by oral 

ingestion and makes its way from the stomach to the lower intestines, where the infection 

can have fatal consequences in humans and animals. As shown in the transcript, the focus 

is now on the survival of the bacterium, not on its victims. Mandy’s narrative addresses 

the problem that Shigella needs iron to survive, but cannot tolerate too much iron, hence 

needs some kind of regulatory mechanism to make sure that it gets just the right amount. 

The only specialized term used in this narrative is the term ‘Fur’: the protein that 

regulates iron uptake in the bacterial cell. The only other uncommon expressions are 

those making reference to aerobic and anaerobic environments, meaning environments 

with or without oxygen. 

 The point of this ‘dry run’ is not only to practice her dissertation talk, but also to 

master a new genre, the formal presentation of her thesis to her colleagues.  Mandy has to 

simultaneously manage her Power Point presentation, with headlines and illustrations, 

glance at her notes, and capture the attention of her audience for her talk. At line 1 of the 

transcript, she shifts her gaze from the screen on the wall where the digestive system is 

projected, to the audience, then to her notes, while she starts her explanation. Mandy 

makes two repairs in this utterance, first from “as all other” to “with all other”, then to 

“most other organisms”. The first repair seems to be purely grammatical, but the next one 

clearly contains a modification: from “all” to “most”, as if Mandy just has discovered that 

her claims were unwarranted. This change from “all” to  “most” indicates degrees of 

scope, implying that managing scope is important in scientific reports.  
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 In the segment, Mandy also switches between a technical register, as in “Shigella 

requires”, representing an abstract point of view, to a casual register, as in it [Shigella] 

“doesn’t wanna”, expressing a personal point of view. Later on, she again uses the casual 

register, as in “Shigella is able to get” (line 13). (The repetition in line (12) is due to 

Mandy concentrating her attention on the computer while she is changing the Power 

Point slide. 

As Mandy continues her practice run, however, she employs more specialized 

microbiological terminology. The experienced researchers and advanced graduate 

students are now the participating audience. They interrupt, pose questions, and suggest 

improvements to her presentation, while the young and inexperienced students become 

more passive; even so, they listen and learn. 

 
Transcript Micro 9, clip 5, 2.49- 3.39 

Mandy’s dissertation dry run, later in the presentation 

 

1 Mandy:  Alright, so as I mentioned earlier there seems to  

2 be an indirect regulation of acid resistance 

3 genes by iron and Fur. One of the mechanisms for 

4 indirect regulation of genes by Fur could be 

5 through the small RNA RyhB that I mentioned 

6 earlier. Remember that in a Fur mutant where  

7 cells are acid sensitive, RyhB is going to be  

8 turned on or constitutively expressed, and so to 

9 see if it was constitutive expression of RyhB  

10 that was leading to acid sensitivity, I made a  
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11 Fur-RyhB double mutant ahm and in the Fur-RyhB 

12 double mutant I saw complete restoration of acid 

13 resistance indicating that constitutive 

14 expression of RyhB in the Fur mutant was the 

15 cause of acid sensitivity. 

 

 
While the term Fur was defined in connection with the earlier part of the 

presentation, in this part, there are several terms that are common in microbiology and 

need not to be introduced to the initiated. RNA (ribonucleic acid) is one of the major 

macromolecules (along with DNA and other proteins) that are essential for all known 

forms of life. While the term DNA by now is used colloquially by most people, RNA has 

not gained such familiarity yet. In addition, there are different kinds of RNA: messenger 

RNA, transfer RNA, and small RNA, among others; the one Mandy is concerned with 

here is small RNA. RyhB is one of those small RNAs, recently revealed as down-

regulating (by reduced sensitivity) a set of proteins that store and use iron in cases where 

iron is the limiting factor for growth. But even if we understand every individual word in 

the narrative, it makes little sense except to the members of this professional group. The 

fact that each field or profession has its own distinctive discourse, not easily understood 

by others, is well known from anthropology (Foucault, 1972). Specialized scientific 

discourse must receive its legitimacy and its authority from the institutions of scientific 

knowledge where such knowledge is generated (Bourdieu, 1991).  
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In the present connection, my point is not to explain the meaning of this particular 

microbiological narrative, but to show how particular narratives target particular 

audiences. IHere, it is important to distinguish between specialized stories for particular 

audiences and everyday stories for the general public. When scientists or journalists 

present texts for the general public, in an effort to communicate scientific discoveries to a 

broader audience, finer points and minor details are usually simplified. As the scientists 

figuring in this study told me, they do not consider themselves qualified to communicate 

their findings to the general public, nor do they have the time for that. Their avowed goal 

is to express themselves clearly and precisely in order to be understood by their peers.  

As a matter of fact, the PI will have to prepare statements about the lab scientists’ 

research to funding organizations not directly associated with microbiology. Such reports 

should be composed in a language appropriate to the sub-culture of the organization, as 

they deal with problems having a clear applied value for the sub-culture concerned, such 

as finding cures for diseases. Whenever scientists do popularize their research, they do 

this either because they have jobs in public policy organizations, or because they think 

that their research has public appeal. Such efforts are often scorned by their peers, who 

consider such popularizing scientists to be too visible in the public eye, thereby 

jeopardizing their professional distinction and prestige. Instead, they prefer for journalists 

with a science education to take on the role of science communicators who can mediate 

between science and the public.  
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THE LARGER CONTEXT SURROUNDING THE LAB 
 

A lab is a small community, depending for its existence on several bigger 

institutions, on national resources like the university or corporation to which it belongs, 

and ultimately on the political and social structure of the scientific, national, and 

international environment within which it communicates, within which it networks, and 

by which it is funded. 

Labs depend on grants from funding organizations like the NSF (National Science 

Foundation) and the NIH (National Institutes of Health) for their continued means to 

operate. They depend on the host university for continuous administrative support, which 

is typically also paid for through grant funds.  Issues that are important to the broader 

mission of the university, or represent a political necessity for the funding organizations 

may not necessarily occupy the minds of microbiological researchers, unless such issues 

involve the continuous funding of their projects. When budget cuts threaten to cut off 

important research, conflicts of interest are bound to arise between the small community 

of a particular lab and the political environment of the surrounding society. The 

circumstances under which harsh conditions are dictated to the researchers by outside 

forces are made into stories and told to novices as part of their socialization into the 

frequently changing and challenging life in science. 

 In some of these narratives, those larger contexts become visible, not so much 

through intentional discussions about political issues as through spontaneous 

conversations about bacteria or other topics. The following narrative developed out of a 
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discussion among several lab members, including myself; the discussion was based on a 

journal article about Vibrio cholera. The article mentioned that Vibrio attaches to chitin, 

and I, the anthropologist, wanted to know what chitin was. Rebecca, who is an expert on 

Vibrio cholera, explained that chitin is a polymer that is found in lots of exoskeletons, 

and we talked for a while about what sorts of animals we know have exoskeletons: 

oysters, shrimp, roaches, and many more. Rebecca then informed us that Vibrio is 

thought to colonize the small crustaceans that are associated with zooplankton, and 

whenever there is a burst of plankton growth, typically in the warmer months, there will 

be an outbreak of Vibrio growth. And, she reminded us, that’s also when it is dangerous 

to eat lots of shellfish like oysters. When Leia mentioned “months containing an R”, 

Rebecca confirmed that it’s only in months that have an R in their names that we are 

supposed to eat oysters. From bacteria (Vibrio) to hosts (crustaceans) to environment 

(zooplankton), we worked our way to the reason why it is dangerous to eat shellfish in 

the Northern Hemisphere during the summer months, from May through August, the ones 

without an R in their names.  

 

Transcript Payne 34, clip 7, 5.00  

This is why we get funded 

 

 Experts: Rebecca, Leia 

 Anthropologist: Inger 

 

1 Rebecca: You’re only supposed to eat oysters in months that 

2  have R in the name= 
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3 Inger: [Yeah, just like cod] 

4 Rebecca: = so you’re not [supposed to eat them] in the summer- 

5  months. 

6 Leia:  In like August and he he yeah 

7 Inger: Yeah, not in August and July and June, uhum, well 

8  yeah, it has practical meaning too he he 

9 Rebecca: Yes, definitely, this is why we study it= 

10 Inger: Yeah, he he I see 

11 Rebecca: =or rather, this is why we get funded to study it. 

12 Leia: Yeah, if you can’t find that bigger reason to study 

13  it, they’re not gonna fund you any more, he he he 

14 Inger: He he, that’s right, you have to have a practical 

15  reason, also I guess, you know, like big epidemics 

16  after wars and stuff, it’s all the–  

17 Leia: Or all the bio-warfare type of things, as long as you 

18  can find a bigger reason to study it, you know, but I 

19  think general microbiology sort of lost a lot of 

20  funding, you know, just learning about the microbe  

21  for the sake of learning about the microbe, and 

22  applying that knowledge to higher organisms and 

23  things like that, you can’t just do that, he he 

24  because you have to say it’s, either affects humans  

25  or it’s, causes epidemics, it’s, so you have to have 

26  a bigger tie-in now. 

 

 The anthropologist suddenly understands that the research that those scientists 

engage in has consequences beyond scientific curiosity, as when they teach people to 

avoid eating certain kinds of seafood in the warmer months. In their day-to-day 
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experiments, when they repeat the same procedures over and over with small changes, 

their work can seem so minuscule and inapplicable. Through conversations like the one 

above and through stories like Leia’s, however, the differences between basic (or pure) 

research and applied (or problem oriented) research become clearer, “because you have 

to say it’s, either affects humans or it’s, causes epidemics” (line 24).  

Basic research refers to the seeking of general knowledge to expand man’s [sic] 

understanding of nature and its laws (Bush, 1945), whereas applied scientific projects are 

pursued toward more specific goals like improving food-producing methods, or finding 

ways to treat and cure diseases (Oosterlinck et al., 2002). Whereas basic research has 

traditionally been funded by universities and governments, applied research projects 

increasingly receive their funding from industrial and commercial enterprises. 

Corporations with their own research and development departments support research with 

narrow goals – research in the published results of which they can see commercial value. 

In recent years, moreover, political pressure has resulted in contests over where to spend 

the money; this has eroded the proportion of the budget devoted to basic research and led 

to partnerships between universities and private industry (Hall, 2001).  

When Rebecca corrected herself from saying “this is why we study it” to “this is 

why we get funded to study it”, she touched on the dilemma modern scientists face: basic 

scientific investigation versus applied research. Research funded by the government 

should be fully available to society as a whole, while applied science funded by industry 

is meant to be protected and exploited in commercial ways (Oosterlinck et al., 2002) 

Some scientists see a conflict of interest in having private enterprises support academic 
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projects, most notably regarding the restriction of the free exchange of information. 

Moreover, when basic research suffers in favor of more narrowly specified, applied 

projects, essential epistemic foundations for just such applied projects are temporarily (if 

not forever) lost; this, again, leads to serious setbacks in many fields of science 

(Mirowsky and Sent, 2008). 

 Leia concludes her narrative by giving examples of the kinds of applied projects 

the lab members have to tie in with doing their basic research in order to successfully 

compete for funding, given how funding is valued. Since this particular lab works with 

pathogens (disease-causing microbes), the researchers will argue for the ‘applied’ value 

of their research to the nation’s and world’s citizens, by referring to the spread of 

epidemics, or to the different ways microorganisms can affect humans and their health.  

 

NARRATIVES IN SOCIAL SITUATIONS 

 
 The researchers spend long hours in the lab, starting early in the morning and 

leaving late at night. While the technicians typically work from 8 to 5, graduate students 

may spend 12 or more hours daily in the lab. Most of this time goes towards doing their 

experiments, cultivating their microbial organisms, and writing papers about their 

findings. There is, however, time for social interaction in spaces and at times where 

‘social’ and ‘work’ overlap; these interstices are filled with family stories, personal 

experiences, and interesting events, as well as with discussions about microbes (Solomon 

et al., 2006). Morning coffee and lunch breaks are the daily occasions for social talk; 
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Halloween parties and Christmas celebrations are the annual events where the lab 

members and their families socialize, and form even stronger social relationships than 

those already developed through the work in the lab (Holmes & Marra, 2002; Holmes 

and Marra, 2004). 

 Breaks that involve any kind of food or beverage must be taken in the ‘clean 

room’. This is just a tiny anteroom to the PI’s office, but it has several functions. 

(Bacteria are banned from being brought into this room, hence the name). There is a 

microwave oven, used for heating lunches brought from home, as well as for melting 

media with agar to be filled onto Petri plates. This small room has a table attached to the 

wall on which there sits a big bulletin board with wedding photos, baby pictures, lecture 

announcements, and relevant newspaper clippings. The table seats five, and the members 

rotate eating lunch. The room contains furthermore a sink, a water cooler, a coffee 

machine, and a printer called ‘Paperjam’. This printer got its name soon after it was 

installed because the most common message it transmitted when somebody sent a 

document to be printed was ‘paperjam’. Other messages were also seen, like ‘replace 

ink’, but not nearly as often as ‘paperjam’, and the name stuck. Above the printer is a 

whiteboard where duties and responsibilities are posted. The opposite wall is covered by 

an enormous bookcase filled with relevant books and journals, as well as personal lab 

notebooks and procedure notebooks belonging to past and present members. In the clean 

room, both social events and work situations take place: lunch and coffee breaks, 

birthday celebrations, and discussions or instruction in small groups. The PI has her 

office just outside of the clean room; thus she is easily accessible for guidance and advice 
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and can participate in the professional, as well as in the social conversations that unfold 

during breaks.   

 The following interaction took place in the clean room during a lunch break. 

Rebecca introduces a story that had appeared on TV, about a man who went to live with a 

grizzly bear in Alaska. He ended up being eaten by the bear, and a well-known movie 

director made a documentary about the tragedy. The film had aired not long before this 

conversation; none of the researchers had seen it, but some of them had heard about it. 

All those present then collaboratively created a narrative about the event, based on facts, 

gossip, and hearsay, as well as on their own opinions about the incident.  

 According to scholars like Ochs and Capps (2001), people order and explain their 

experiences by collaboratively creating narratives, thereby building communities through 

the co-authoring of stories (Ochs and Capps, 2001: 57; see also Bruner, 1990; Sacks, 

1992). In communities of practice (Lave and Wenger, 1991), the members reinforce their 

relationships and strengthen their alliance within their professional culture through 

cooperatively crafting narratives. Creating stories, they exchange opinions about events 

in the world, in an attempt to combine shared and unshared perspectives on these events, 

and create a consensual moral stance within as well as outside of their professional work 

environment (Ochs and Capp, 2001: 45). When novices become part of this environment 

and participate in the storytelling, their contributions facilitate their access to the group 

and its history. The following clip illustrates this by referring to the previously quoted 

‘bear incident’. 

 
Transcript Micro 4, clip 2. 1.08 
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The man who lived with a bear 
 
1 Rebecca:  I mean, there was that story ‘bout the guy in 

2 Alaska who, who went to live with a bear and you 

3 know… 

4 Ruth:  It killed him. 

5 Rebecca:  Yeah because ahm apparently a male bear from some 

6   other territory decided to, to join this 

7   particular group 

8 Ruth:  That’s the [guy who] wants to live with the bears 

9 All:  [General laughter] 

10 Rebecca:  [Yeah], cause anyhow, he had a woman with him 

11 Ruth:  He wanted to be like the woman who went to live  

12   with apes except he wanted to live with bears ok.  

13 Rebecca:  Well he lived with them pretty successfully for  

14 ten years but eh eh then a new male bear sort of  

15 wandered in, and didn’t know the rules about not  

16 eating the human, he he [and]= 

17 All:  [General laughter] 

18 Rebecca  =and so he got eaten and the woman you know tried  

19   to help him and took a frying pan, and you know,  

20   whacking at the bear, but it didn’t help, and the  

21 bear ate her too. 

22 Julie:  Did you see the movie about it? I haven’t seen it 

23 Rebecca:  No, there’s a movie? 

24 Ruth:  Uhum 

25 Julie:  Yeah, what’s his name Werner Herzog made a movie… 

26 Nicola:  How did he know what happened? 

27 Rebecca:  The videotape, he was… 

28 Ruth:  He was supposed to have been rescued the day  

29   before= 

30 Rebecca:  Yeah, [he was] 

31 Ruth:  =[but the] helicopter was late or something and… 

 

((At this point, the PI appears in the doorway to her office and directs her gaze at 

Julie))  
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32 PI:  Don’t encourage her on that mutant, he he 

33 Julie:  What mutant? 

34 PI:  It… triple mutant 

35 Julie:  Okay, I won’t= 

36 All:  ((Burst of laughter)) 

37 Julie:  =I didn’t know I wasn’t supposed to. 

 
 

 Ruth and Rebecca entertain the lunch-eating crowd, taking turns to describe the 

tragic end of the man and woman who had decided to live with bears. Rebecca 

establishes that the man had lived with those bears peacefully for ten years, and nothing 

had happened to him. On his last trip he had even brought his girlfriend with him because 

he felt safe with this group of bears. The trouble started when a male bear that did not 

belong to the group wandered into their territory. The beginning of the story is told quite 

seriously, until Ruth starts to make derisive comments about “the guy who wants to live 

with bears” comparing him to “the woman who went to live with apes” (meaning: the 

anthropologist Diane Fossey and her Rwanda gorilla colony), as if such behavior and 

pursuits were an unprofessional way to do research and besides, quite beyond her 

comprehension. As the story progresses, a humorous mood is spreading throughout the 

audience; when Rebecca repeats the story of the intruding bear, adding that this bear 

“didn’t know the rules about not eating the human”, her laughter was literally bubbling to 

the surface. To assume that a group of bears would have rules that prevented them from 

eating humans or certain humans must have sounded hilarious. Everybody joins in the 

laughter, and the story about the girlfriend who whacked the bear with a frying pan and 

got eaten too, was received in the same mood of humorous incredulity. At this point, Julie 
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introduces the movie that Werner Herzog made about the story. None of them has seen it, 

but Ruth has heard about it. Nicola wants to know how Herzog could have known what 

happened; she inquires into the accuracy of the data and her question takes the story in 

the direction of the movie itself. From newspaper accounts about how the film could be 

made, it transpired that the unfortunate couple had left a video camera on, inside their 

tent. The camera was discovered when the rescue helicopter pilot found the couple’s 

bodies; since the camera had been lying inside the tent, it contained no images, however, 

the sound recording was intact. Also, according to Ruth, the pilot had planned to pick up 

the couple the day before, but the helicopter was delayed and the rescue operation failed. 

 At this point in the narrative, the PI enters the clean room from her office. It is 

unclear whether she had overheard the story; she comes in smiling, as if she had been 

following the story about the bear. However, when she laughingly tells Julie: “Don’t 

encourage her on that mutant” (the result of a mutation, a base-pair sequence change 

within the DNA of a gene or chromosome), she clearly is referring to the group’s 

research (specifically “her”, i.e., lab member Nicola’s), and not to the bear conversation. 

Julie is still absorbed in her story and seems to have a hard time switching topics when 

she asks “What mutant?” It turns out that Nicola had made a triple mutant, but since the 

PI does not think this mutant will bring useful results, she has discouraged Nicola from 

continuing this experiment, much to Nicola’s disappointment. When Julie learns that this 

is the mutant in question, she retorts: “OK, I won’t”, which provokes a burst of laughter 

from the group, including Julie. Julie then downgrades her part in the outburst by telling 

the PI that she was unaware that she was not supposed to encourage Nicola. The reason 
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the group thought Julie’s reply to the PI was funny can only be inferred from the context: 

they were interrupted in the middle of their lunch break and, being deeply involved in a 

dramatic narrative about bears, they did not welcome being interrupted. 

The PI returns to her office, but her interruption has had a clear effect. The group now 

talks about strains, genes, and iron-poor environments for a while, keeping their 

interactional topics strictly within microbiology. The impression left from the PI’s 

interruption is that bears who eat humans are less appropriate topics of conversation in a 

microbiology lab than are triple mutants. Out of respect for the PI, the group does not 

return to their previous topic immediately; for a while, there is talk about ‘appropriate 

professional subjects’. After about five minutes, however, Rebecca leans back in her 

chair, peeks into the PI’s office, and signals to the others that the coast is clear.  

 
Transcript Micro 4, clip 2, 6.45 
 
Back to the bears 
 
1 Rebecca:  So, we can go back to the bears now 

2 Ruth:  Uhum 

3 All:  ((laughter)) 

4 Inger:  There was a, a, a movie, there is a movie now  

5   about a man living with a bear 

6 All:  That’s it, that’s him 

7 Inger:  That’s him? uhum  

8 Mandy:  I don’t understand what the (...) driving force  

9   behind that is…  

10 Julie:  Living with the bears or making the movie?  

11 Mandy:  No, making a movie about the idiot who wants to  

12   live with a bear, I think there’s quite a lot of  

13   interest, but I don’t understand why he would  

14   wake up one day and…  

15 Ruth:  Well, he didn’t get killed the first day he was  
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16   there, well, I mean there’s an interesting  

17 sociolo– 

18 Nicola:  Was he studying them or what, was he just living  

19   with the bears–  

20 Rebecca:  I don’t know that he was any kind of eh, you know  

21   zoologist or biologist or–  

22 Mandy:  I just don’t understand what makes someone wake  

23   up some day or (xxx) I don’t know, but why you  

24   would suddenly decide to say I think I wanna go  

25   live with bears. 

26 Julie:  But you don’t know that he suddenly– 

27 Ruth:  [He’d had a bad fight with his wife] 

28 Inger:  [He was really disappointed with the human race] 

29 Julie:  But you don’t know that he just woke up and  

30   suddenly decided (xxx) 

31 Mandy:  Right, that’s what I mean, but what, what, what  

32   kind of thing causes you to want to do that?  

33 Rebecca:  It’s one thing to study the bears, right? =  

34 Mandy:  But to live with them? 

35 Rebecca:  = but to actually think that, that you could,  

36   sort of =  

37 Nicola:  Be a bear? 

38 Rebecca:  = change the millions of years of bear evolution, 

39   eh, to, you know, he he, turn them away from  

40   their basic instinct to maul and eat you. 

 
When Rebecca announces that they can continue with the bear story, Ruth agrees 

and they all laugh – apparently in reaction to their having (somewhat surreptitiously, one 

could say) regained the floor following the PI’s interruption and short-lived taking over 

of the floor. Now Mandy joins the conversation, after having listened in on the last part of 

the bear story. She is particularly concerned with what makes someone go live with 

bears, and what makes someone even think about it. She talks about a “driving force” 

(line 8) behind such a resolution, and her perspective on this person is that he is an idiot. 
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There is a moral stance in Mandy’s comments, shown by her choice of the word “idiot” 

(line 11), a negative evaluation that Ruth tries to account for in a humorous way, by 

referring to a hypothetical domestic dispute. Ruth had earlier mentioned that the guy had 

not gotten killed the very first day he was with the bears; now she also remarks that there 

might be interesting sociological observations resulting from his over 10 years long 

contact with the animals, whereupon Nicola wants to establish the difference between 

studying the bears and just living with them. In this group of scientists’ view, studying 

animals in their habitat is a more legitimate activity than just ‘hanging out’ with them, 

something that Rebecca confirms by doubting that the man in question was a zoologist or 

a biologist, i.e. had any training in scientific research methods. Her perspective on the 

man’s undertaking was that he was not accredited for doing what he set out to do, as he 

had no ratified training that might have prevented the tragic outcome. This perspective 

seems to be shared by the others; Mandy cannot imagine what lies behind the man’s 

decision, and Ruth and Inger jokingly offer explanations like a fight with his wife, or 

general disappointment with the human race – an explanation which carries some cultural 

appeal, due to the long tradition of hermits withdrawing from the world. Julie, however, 

will not draw any conclusions without proof, and claims that Mandy has no reason to 

assume that this man just woke up one day and decided to go live with bears. While 

wanting to give him credit for having planned his experiment before running it (even 

though it may have been a badly designed experiment), Julie is implying that they, as 

researchers, should be familiar with mishaps like an experiment gone astray. As to the 

moral stance exhibited in this interaction, there is no complete alignment: Mandy doubts 
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the rationality behind someone’s sudden decision to live with a bear (line 24), while Julie 

claims that Mandy has no way of knowing how this man made his decisions (line 29). 

Whereas Ruth draws attention to the sociological value such an experiment could bring 

(line 16), Nicola (line 18) and Rebecca (line 20) question the value of experiences gained 

without credentials or ratified training, and dispute the man’s status as a scientist.  

Although all of the participants in the conversation have their own opinions about this 

unfortunate man, they seem to be willing to listen to, and at least partially align with, 

each other’s points of view.  The moral stance underlying the scientists’ narrative is 

based on their positions as scientific experts who have spent several years of education to 

attain expert status, in the process having developed a respect for proper credentials. 

        In the end, Rebecca sums up the decisive reason why this man’s experiment 

ended as it did: one thing is to study bears the way one studies organisms in the lab, 

another, much trickier endeavor is to try and change millions of years of evolutionary 

development. As scientists, they all know about mutations and how irregularly they 

happen in the wild. They know from experience how much time and how many attempts 

it requires to bring forth some little change in a small genetic trait in bacteria. Rebecca 

uses her professional knowledge of microbiology and evolution to assert the futility of 

trying to change the basic instincts or behaviors of grizzlies just by living with them.  

         Here, Rebecca only apparently uses hyperbole to produce a humorous effect, as 

when she mentions “the million years of bear evolution”; in actual fact, the grizzly bear 

did evolve from the Etruscan bear who made its appearance in Europe some 5 million 
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years ago.8 When it comes to “their basic instincts to maul and eat you”, however, she is 

only partially right. The grizzly bear is carnivorous, but relies mostly on a diet consisting 

of plants, berries, and roots. Although the grizzly is the most aggressive among the bears 

we know, it will not attack humans unless challenged. For instance, a female grizzly will 

attack humans to protect her cubs, and both male and female bears will attack hunters 

who try and steal their catch (MacHuchon & Wellwood, 2002). 

  

CONCLUDING REMARKS 
 

By showing the multiple roles and practices surrounding narratives that are 

practiced in a microbiology laboratory, the present chapter has argued that stories and 

anecdotes act as powerful socialization sites, along with functioning  as socialization 

agents in the workplace. For novices and experts alike, the laboratory is both a work 

environment and a place of learning; as a consequence, the socialization that takes place 

there is both of a scientific and a social nature. The pragmatic use of narratives in the 

laboratory covers most of its activities: the acquisition of scientific skills and lab 

practices, rules about hazards and safe practices, ethics of scientific practice, and 

workplace history. In addition, some of the stories are concerned with how identities are 

formed through apprenticeship, and how to succeed in the professional world of science. 

Since the focus is directed towards acquiring particular skills through learning and 

apprenticeship, the contextual tellability criteria (what stories are tellable in what 

contexts; Ochs and Capp 2001; Norrick, 2004; Labov, 1972) are shaped and gain their 
                                                
8 See http://animal.discovery.com/mammals/grizzly-bear/history/history.html 
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importance largely through the instructional context. The interactive character of the 

stories, co-created by the expert and the novice, not only provides the narratives with 

instructional value, but makes them interactively engaging and interesting. In a 

socializing setting like the learning environment of the lab, where experts and apprentices 

interact towards a task to be accomplished or a skill to be learned, the stories demonstrate 

what it means to be a practicing scientist; they disrupt hierarchies between expert and 

novice, they humanize science and normalize failure. 

   Requirements of tellability and reportability of a narrative pertain more to how a 

story helps in accomplishing these tasks and how it functions as a socializing factor, than 

whether a story is newsworthy or entertaining – even though occasionally, both might be 

the case. 

 

 
 

 

Chapter 4: Science Literacy 

 

From Petri dish to scientific fact. The semiotic journey of bacteria 

 

Literacy is traditionally understood as the ability to read and write. It used to be 

considered a skill that members of cultures either possessed or did not. Recent 

developments in the study of literacy suggest that the skill is remarkably culture-specific: 
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each society or group of people develops a type of literacy skill to accommodate the 

mode of life that they have established in their own economic and technological context.9 

Early theories of literacy, built as they were on ethnocentric cultural conceptions, 

created and sustained a great divide between cultures that practiced writing and those 

where communication was carried out orally. Newer theories of literacy, based on actual 

data, suggest the existence of a continuum between orality and literacy, rather than a 

divide. Moreover, even with regard to literate societies, these two theoretical directions 

differ as to the role they assign to literacy in the societal hierarchy. Proponents of the 

earlier ‘autonomous’ model of literacy (Ong 1982, Goody 1968) understood literacy in 

terms of a societal split with cognitive, social and economic effects; they believed that 

power, influence, and wealth in any society were closely associated with the ability to 

express one’s opinions in writing. Furthermore, it was firmly believed that literacy itself 

had radical effects on the cognitive development of the individual, thereby deepening the 

divide, and giving rise to ethnocentric labels like ‘modern’ and ‘traditional’. A newer, 

influential ‘ideological’ model of literacy (Street, 1985) embraces a more ethnographic 

perspective on the effects on the distribution of power and its relation to literacy, by 

studying people in their day-to-day activities and using micro-ethnographic 

methodologies of interaction and communication. 

Studies of literacy have also been affected by various critiques of the term 

‘culture’. In recent years, the very definition of ‘culture’ has changed; anthropological 

                                                
9 References to culture-specific literacy can be found in Scribner and Cole (1981), Kulick and 
Stroud (1993), and Street (1993). 
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studies now include smaller and more distinct groups, not necessarily defined along 

ethnic or national boundaries. Such groups can include professionals in workplaces, 

members of institutions, and scientists in laboratories. These groups each develop 

particular methods of communication, by letting  the organizational process itself define 

what forms of literacy and orality are best suited to its purposes. As technologically 

advanced instruments and machinery transform material substance into figures and 

diagrams, other groups develop specialized forms of literacy. As I mentioned earlier, 

Latour has called the instruments in question ‘inscription devices’; their written outcomes 

are named ‘inscriptions’ (Latour, 1987). Such inscriptions can be analyzed and 

interpreted independently from the material sources, by using what one could call ‘visual 

literacy’; thus Charles Goodwin, in his article ‘Professional Vision’, elaborates on 

different kinds of professional scrutiny, among them the articulation of graphic 

representations (Goodwin, 1994).  

In particular, students of microbiology must acquire, as special forms of visual 

literacy, the ability to interpret and understand not only instrument-produced charts and 

diagrams, computer-generated images, but also the living microbial beings that grow on 

nutrients in Petri plates and test tubes. While visual interpretation skills are shared with 

many different groups who all have developed visual literacies (such as artists and art 

critics who create, respectively interpret images; architects and designers who depend on 

graphic creativity; and professionals in need of map-reading skills), the specific visual 

skills that microbiologists need, incorporate the specific professional visual literacy that 

is integral to microbiology, and constitute a form of science literacy. 
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As described in chapter 1, the microbiological laboratory that is the site of the 

present study is a small bench lab with a small number of scientists (between six and 

eight, including the Principal Investigator (PI) and a similarly small number of graduate 

students; they are all part of the Section for Molecular Genetics and Microbiology, one of 

the four main sections in the School of Biological Sciences at their university.  Their 

research is carried out using both molecular and micro-biological methods. The research 

specializes in the study of the intestinal pathogen species Shigella and Vibrio, with 

special focus on the iron transport systems of these bacteria.  

  In the course of a research experiment, the bacteria go through many different 

stages on their way from the test tubes in the freezer to their appearance in a journal 

article or in a paper or poster at a conference. As far as science literacy is concerned, 

these stages are each represented by specific semiotic forms, characterizing the separate 

manifestations and illustrating the transformations from one stage to the next, both in 

terms of what the bacteria are subjected to, and how these procedures are talked about or 

represented in written or graphic form. Since my focus is on literacy and on the learning 

aspect of these representational procedures, the interaction between the expert and the 

novice as they communicate on various levels about the experiments is given special 

attention.  

  The first semiotic stage is when the bacteria, from resting in a solution of glucose 

in the minus 80 degrees C freezer, are removed and put on ice to thaw (sometimes the 

researcher puts the tube with the bacteria in her pocket or inside her waistband to make it 

thaw quicker). At this stage, descriptions of the bacteria comprise written labels with the 
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bacterium’s scientific name placed on the sample (e.g. “pLR29”); the use of verbal 

metaphors, based on the bacterium’s attributes (e.g. ‘looks like a popsicle’); and the use 

of both scientific and everyday language referring to its being frozen and unable to 

combine (in scientific parlance ‘chelate’) with anything in this state. The bacteria are 

treated and talked about as the physical, living prokaryotic (unicellular, lacking nucleus) 

organisms that they are, and sometimes treated in a humorous way, as when expert and 

novice joke about the popsicle look of the bacteria and how they would not come out of 

the tube, even if turned on its side.  

 

Transcript Micro 32, clip 5, 7.00  

Leia: expert 

Hilary: novice 

Inoculation 
 

1 Leia:  And it’s just the one that is pLR29 to (xxx) The 

7   empty, yeah.((Hilary removes the tube from the freezer)) 

8 Hilary: He he 

9 Leia: He he, oh, and I forgot to warn you: These things  

10  sometimes need regular tape on the outside too, I 

11  guess we’ll just turn’em on the side. It’s like a  

12  popsicle right now, anyway, so it’s not like it could 

13  just chelate or whatever. ((returns to the bench)) 

14  Okay, and basically, stick into there, and then 

15 [stick] 

11 Hilary: [stick] in as much as you can see? or like, or rub it? 

12   or a blob? 

13 Leia: Yeah, you could do either, that would be enough, but 

14   like, not a big blob, but I just look for like I can 

15 tell there are little ice crystals on there, just a 

16 small amount and then I feel safe that I inoculated 

17 with plenty, he he he. But in theory, one colony, or 

18 one cell could start that culture too, so he he he 
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19 you probably just touch it and (xxx) he he he 

 

Hilary, the novice carries the frozen tube to her bench in a box of dry ice; from 

the cells in the little frozen tube, she is preparing to start a new culture in a bigger tube. 

First, she inserts a long sterile toothpick into the bacteria. Leia, the expert has told her to 

“basically, stick [it] into there”, holding an imaginary big tube close to her body and 

rotating her wrist before she, with her elbow bent, dips the toothpick down into the 

invisible tube. (See Fig. 4.1) 

 

Fig. 4.1 “basically, stick [it] into there” 

Then Leia continues: “and then stick…”, extending her hand and arm towards the bigger  

tube that Hilary is holding. (See Fig. 4.2) 
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Fig. 4.2 “and then stick…” 

 

The novice asks how much she should take out: “rub it, or a blob?”, and the 

expert says that she could do either, because any small amount, or just a single cell, can 

start a culture. The novice then drops the toothpick into the bigger tube, where she has 

prepared a growth medium consisting of LB (Luria Bertani) broth and carbenicillin, (a 

specific bactericidal and bacteriolytic antibiotic that the researchers use to select for 

plasmids that have the resistance gene for antibiotics). She puts a cork on the tube, and 

places it into a shaking incubator that holds 37 degrees C. The cultures grow overnight, 

and will be checked the next morning. 

 The bacteria have not appreciably changed their manifestations at this point. They 

are still organisms, and they are being talked about as such. As soon as they are put in the 

nutritious media, the live bacteria will start splitting and form colonies, consisting of 
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myriads of cells. If the cells from the freezer are not alive, however, there will not be any 

cells in the incubated tubes the next morning, only broth. Accordingly, the big question, 

for expert and novice alike, is: Do the bacteria have colonies, did the cells grow? 

 When cells grow overnight in tubes, the experienced scientist will visually 

scrutinize the medium to see if any growth can be detected. A medium in which cells 

have grown presents a cloudy look; if the cells did not develop, the medium looks 

transparent. To be able to isolate single colonies or cultures, the cells are spread on Petri 

plates on LB broth and agar; the spreading technique and the proper dilution are 

responsible for how evenly the cells are distributed. A well-spread plate grows into a 

‘lawn’, indicating that the cells are quite viable and grew fast, having had the right 

growing conditions, including the right temperature and the right medium selected for 

growth of this particular bacterium.  

The appearance of the plate can be semiotically interpreted like an image; the 

analysis of the colonies includes a description reflecting this specific stage. If some of the 

conditions are inadequate, the growth will be uneven and sparse; this will tell the 

researcher that something went wrong. An experienced researcher is able to assess, by 

interpreting the plate’s appearance, the information that the colony’s growth provides 

about the aforementioned conditions. Some of this information, gained through 

experience, becomes ‘tacit knowledge’: that is, an expertise that is hard to verbalize, as it 

deals with relations between different elements of, and steps in, the process. As such tacit 

knowledge contains information about relational, ‘invisible’ phenomena that are 

important for the process, it is of the essence that it be conveyed to the novice. In this 
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way, even humorous metaphors become powerful learning tools for the inexperienced 

novice, as they can fill the gap between scientific terminology and everyday language, as 

well as form a bridge to what is already known. The following transcript illustrates this. 

 

Transcript Micro 5, clip 07. 5.00   

Steph: expert 

Carol: novice 

Colony morphologies 1 
 

1  Steph:  So - the colonies are really, like you know how you are used to ((draws a  

2  circle on the paper in front of her)) the colonies looking like this= 

3  Carol:  ((nods)) uhu 

4  Steph:  =you know like round smooth. They’re just like nasty little crumply-looking  

5   things ((draws smaller tighter circles on the paper)) they’re three-dimensionally, these  

6   ones ((points to the smooth circle that she drew)) are sort of you know – you can sort of  

7   see it three-dimensionally 

8 Carol: ((nods)) uhu 

9 Steph:  but these ones are like this little, like, mounds of crusty stuff ((draws jagged circles on the 

10 paper)) so it’s really easy to see the difference between the two – colony morphologies 

 

The expert explains to the novice what she can expect from the stuff that they 

have just put in the incubator. There are no colonies yet; Steph, the expert directs Carol’s 

attention to her drawings on a piece of paper, to show the novice what their colonies 

probably will look like, based on many earlier experiments with the same species of 

bacteria. Some of the terms she uses are straight descriptions like ‘round’ or ‘smooth’. 
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Some, however, are clearly metaphorical, representing terms and descriptions borrowed 

from other domains. Expressions such as “nasty little crumply-looking things” or 

“mounds of crusty stuff” are metaphoric in nature: ‘nasty’ originates from the human 

domain, while ‘mounds’ comes from the domains of geology, fortifications, or baseball.  

Both the tube and the Petri plate contain bacterial cells in their natural and organic 

form. To advance from this level of un-described nature in the form of raw bacterial data, 

to the semiotic level of named, described data, the expert and novice engage in a search 

for terms and expressions that will unambiguously describe the scientific objects. For the 

purpose of learning, it is necessary that the expert use words and expressions that are 

familiar to the novice, gradually adding scientific terms that the novice will learn to use 

in her own professional life later on.  

 

Transcript Micro 12, clip 8, 4.1210  

Steph: expert 
Carol: novice 
Colony morphology 2 

 
1 Carol:  So are the dark ones, like the rugose colonies – in  

2 the other ones, in the normal colonies? 

3 Steph:  Right, right – so let’s see one that is really big,  

4   okay, this one, so you can see, the smooth ones are 

5   very flat, they’re bigger, but when you look at them  

6   three-dimensionally, the rugose ones are, they’re 

7 like a bump, and the smooth ones are flat. So, you 

8 can look at them, so they’re kind of – the rugose  

                                                
10 This segment was also presented in chapter 2, illustrating descriptive terms. 
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9 ones look really cool, if you look at them – they’re 

10 like crystal, they look like crystal. 

 11 Carol:  Yeah, are these single colonies, or like 

 12 Steph:  Yeah, those are one colony. It’s so much EPS  

13    that’s secreted that it just crumbles up 

  

 In this clip, the expert introduces and repeatedly uses the term ‘rugose’ for those 

colonies that switch from smooth to wrinkled form when a certain chemical is added to 

the medium. The word ‘rugose’ means ‘wrinkled’; it is a scientific term for just this 

manifestation of the bacterium. The acronym EPS stands for ‘extra-cellular protein 

secretion’; it is likewise used both in the daily lab language and in scientific writing. 

Whereas the first term combines the mental images in the expert’s memory with her 

drawings of those images on paper, as well as pairing it with words that as closely as 

possible represent the bacterial colonies in question, the second descriptor refers to the 

data as real bacteria on a Petri plate.11 

The transformations from physical manifestations of raw data to mental images 

accompanied by words (specifically with regard to the transition from living organisms to 

named mental images), represents the first stage in this chain of semiotic stages in the 

lifecycle of the scientific fact, a step that I will call entextualization, in analogy with what 

Ochs (1979) has called the ‘transformation’ of a verbal utterance to a written transcript. 

(cf. Bauman & Briggs, 1990),  The next transition, from mental images in the memory of 

the expert to images on paper accompanied by metaphoric descriptions, represents a 
                                                
11 Another form of transformation from actual bacteria to written transcript happens when 
samples of purified bacteria are sent through machines that measure a specific content and 
produce written print-outs of the measurement. 



 137 

second semiotic stage. Here, the named mental image manifests itself as a drawing on 

paper; the resulting representation, is treated like a text to be read and interpreted; since it 

represents a reenactment of the first stage, I will refer to it by the term retextualization. 

Ochs (1979) claims furthermore that there is a difference between the original 

utterance and the transcripts, a difference having to do with the theoretical and contextual 

problems that confront the transcriber. Extracting discourse from its original context and 

reproducing it as text always serve specific (usually political) goals (Briggs, 1993). In our 

example, the expert concentrates on the bacterial colonies’ shapes and forms, in 

preference to other phenomena on the plate, like their distribution in relation to each 

other, or the composition of the media. For educational purposes, the expert focuses on 

just one particular aspect of the experiment; she describes the colonies using words that 

are not unusual, or unfamiliar to the novice. This articulates with work by both Haviland 

(1996) and Urban (1996), who describe normalization tendencies as general ways of 

entextualizing.  

 When the novice has harvested the bacterial colonies from the plates, she puts the 

colonies into the media and sends them through a machine, a spectrophotometer (called a 

spec machine in lab parlance), in order to find out how much they have grown during 

their stay in the incubator and to measure their concentration.  

 

Transcript Micro 30, clip 3, 9.20  

Hilary: novice 

Inger: anthropologist 
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Spectrophotometer 

1 Hilary:  So, then, I’m just adding 3 mil of the culture to 

2 each, and Leia is gonna then add the bacteria from  

3 the previous growth round 

4 Inger:  Uhum 

5 Hilary:  And the point is to try to make them all the same 

6   concentration, so she’ll add more media if it’s very 
7   concentrated bacteria or she’ll take some of the 

8   media away if it’s very diluted bacteria, so they’ll  

9   all start at the same concentration= 

10 Inger:  Oh, I see, so how… 

11 Hilary:  =so they’re in the same environment 

12 Inger:  How do you, how does she find out? 

13 Hilary:  She finds the concentration using the spec machine 

14   which reads OD, which is optical density, so at a  

15   certain optical density, there’s a known amount of 

16   bacteria present and… 

 

Often, the experiments compare different strains, wild types, mutations, and 

double mutants, so that in order to be compared, the strains all need to have the same 

concentration. The spectrophotometer measures the optical density of the sample; it 

determines the amount of light scattered by a suspension of cells. Given a certain optical 

density, there is a known amount of bacteria present, as particulate objects such as 

bacteria scatter light in proportion to their numbers. The optical density of a suspension 

of cells is directly related to the cell mass or the amount of cells, and can be read off after 

construction and calibration of a standard curve. The spec machine is in constant use, and 

the novice has to learn how to be literate with regard to the ‘readings’ in order to properly 

analyze them and to understand what the numbers on the printout mean.  
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Another type of instrument a novice must learn to ‘read’ is a fluor-imaging device or 

a fluorometer; it is a type of electromagnetic spectroscope, and is used to analyze 

fluorescence in a sample.  The fluorometer uses a beam of ultraviolet light that excites the 

electrons in molecules of certain compounds, causing them to emit a light of a lower 

frequency, not always visible.  

For both the spectrophotometer and the fluorometer, the samples are put in square 

glass cuvettes that are free of scratches. The ideal cuvette is as clear as possible, without 

impurities that might affect a spectroscopic reading. The sample is put into the cuvette 

and the cuvette is then put into the instrument. The beams inside the instrument can ‘see 

through’ the glass and ‘read’ the sample.  

In both cases, it is the instrument that reads the sample and produces a printed 

result of its reading as an ‘inscription’ (Latour, 1987) that the expert and the novice can 

discuss; the outcome is an interrelationship between the instrument and the humans 

(Latour, ibid). According to the findings by the generated inscription, the scientists either 

prepare to modify the sample, or leave it as it is.  

 A newer, more modern type of spectrophotometer is called a ‘nanodrop’. As the 

name suggests, this instrument does not require cuvettes, only a very small drop on a 

little pedestal. The nanodrop is used to measure DNA and RNA plasmids as well as 

proteins.  

 

Transcript Micro 29, clip 3, 7.00  

Expert: Ruth 
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Novice: Hilary 

Quantifying plasmid 

 

 

1 Ruth:  And now, take 2 microliters of your DNA prep ((Hilary 

2 puts the DNA onto the pedestal)) and then hit 

3 “measure” Oh, you can label it here too, that way 

4 when you get your summary, you know what it is - You 

5 have only one sample, but in the case you have more, 

6 you can label, and then “measure” (( machine is operating)) 

7 (xxx) You got 25.8 nanograms per microliter, you’re 

8 2.6280 (or 2.60, 2.80)of 2.1, uhm 

9 Hilary:  What does that mean? 

10 Ruth:  2.60, that’s gonna tell you the purity of your sample, 

11 uhm, usually for DNA, it’s around 1.8 

12 Hilary:  So that’s not good? 

13 Ruth:  No, its, its good for what we need it for. If you did 

14   a – other methods of purification, it’d give you more 

15   pure DNA, but for our purposes, this is fine. 

16 Hilary:  What’s not fine (xxx) like what would be – 

17 Ruth:  If you got anything like less than like 1.4= 

18 Hilary:  Okay 

19 Ruth:  =then it’s  [not good] 

20 Hilary:   [not good] 

21 Ruth:  Okay, and since this is our only sample, hit ‘show 

22   report’, so it gives you a summary, and then go to  
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23   ‘file’, ‘print window’, ‘paper jam’ 

24 Hilary:  What was that button you hit – show ? 

25 Ruth:  ‘Show report’ 

 

 

In this clip, the expert shows the novice how to use the NanoDrop machine. After 

complying with all the instructions for cleaning and calibrating the instrument, the novice 

puts the sample of DNA on the pedestal, and waits for 10 seconds. The expert then 

notices that she has not told the novice everything she needs to know. Ruth prepares to 

inform Hilary that she can label the sample at this point; she interrupts herself, realizing 

that she has forgotten something. Ruth stops herself saying “Oh”; this “Oh” stops the 

flow of talk about the measurement and signals a switch to another topic, namely the 

labeling of the sample (Heritage, 1984). The computer attached to the nanodrop is asked 

to ‘measure’ and it ‘reads’ the results of the measurement. Then it shows the report and 

the report is sent to the printer called ‘Paperjam’. The researchers can study the printout, 

and discuss the result. The novice, being unfamiliar with this method of quantifying 

samples of DNA or RNA, does not know what the numbers mean, and since the number 

they got is higher than the ideal purity number, she thinks their sample was no good. But 

the expert assures her that this level of purity is good enough for their purpose. The 

expert has accumulated such knowledge through her experience with similar 

experiments, and her task is to impart this knowledge to the novice while they are 

actively performing the procedure.  
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Hilary, however, wants a more precise answer, thinking ahead, so she asks 

“what’s not fine”, showing her active participation and her attendance to the goal by 

asking additional questions. Ruth states that anything below 1.4 would not be pure 

enough, and Hilary’s overlapping comment: “not good” demonstrates that she has 

understood the procedure.   

In all three cases, despite the use of three different instruments, the resulting 

product looks alike. It is a series of numbers that can be made into a curve, or a chart, or a 

diagram with bars. 

 

Fig. 4.3  Leia explains diagram to the novice 

Volatile sense data are translated, through instruments or inscription devices, into 

fixed and stable symbolic representations. Such representations provide the basis for 

discussion and analysis, and supply the material for scientific articles and presentations of 
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new knowledge.  The visual scripts are portable and, unlike the physical objects 

themselves, can be distributed. They can be brought into play in many circumstances and 

contexts, reactivating the real-time processes of experiments, regardless of when and 

where these were conducted.  

The novice learns to read these images to find out exactly what they indicate, and how 

they relate to the physical organisms, the bacteria. An interesting thing happens when the 

expert and the novice discuss the charts or the diagrams.  

 

Transcript Micro 33, clip 5, 6.19 12 

 

Leia: expert 

Hilary: novice 

These guys are happier with oxygen 

 

1 Leia:  So, this was the fluorescence that we got to begin, 

2 and that was the OD that we took, and so then, that 

3 over that, and then this tells you the fluorescence 

4 per mil of culture= 

5 Hilary:  Okay 

6 Leia:  =basically, or I guess per mil, ah, and so… 

7 Hilary:  What’s RFU mean? 

8 Leia:  Relative Fluorescence Unit, eh, so then, for wild 

9  type, this was messy, and messy and messy, so you can 

10  tell, I mean, this slightly different but I don’t 

                                                
12 A part of this segment was presented in chapter 2, illustrating ‘inscriptions’. 
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11  know if that was from sitting around too long after,  

12  on the bench, or whatever, cause I’m sure these guys  

13  are much happier once they do switch to, you know, 

14  oxygen and they’re: “Oh, finally we have, we can 

15  grow”. So, that it might really be a reflection of 

16  we’re letting it= 

17 Hilary: Catch up 

18 Leia:   =catch up a little bit, but it’s not that severe of [sic] a 

19   difference and this may overlap, and this definitely  

20  overlaps with that, but this one goes back up so  

21  then this difference might actually be smaller. 

 

 

In this transcript about fluorescence, the researchers cognitively blend the two 

entities, the cells and the diagrams. They inspect the bars in the diagram; Leia points to 

three different bars, calling them all “messy” while making comments like “these guys 

are much happier once they do switch to… oxygen”. It seems that the diagram is not only 

an image with numbers and bars; rather, this semiotic manifestation of specific aspects of 

the bacteria still retains characteristics of the living organism, and is referred to as “these 

guys”. The expert, while referring to “these guys” indicates clearly, by pointing at the 

two highest bars in the diagram, that those bars have a direct relationship to the original 

data. It seems that the complicated relationship between the material object (the bacterial 

cell) and the abstract representation created by the diagram is mediated, in the 
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expert/novice discussion, by their talk and gestures, indicating the occurrence of similar 

phenomena in both semiotic domains, thus creating a bridge between the two spheres.  

When the expert and novice have established that the bacteria have grown 

approximately at the same rate and can be compared, the next step will be to extract the 

DNA from the cell. The cell is ‘lysed’ (exploded) under alkaline conditions, and during 

multiple washes and rounds in the centrifuge, too lengthy to describe here, the plasmid 

DNA is extracted, and the detritus (proteins and chromosomal DNA) is siphoned off and 

discarded. This procedure is called ‘a mini-prep’. Because plasmid DNA can be extracted 

more easily than chromosomal DNA (plasmids being small circles of a DNA that is 

capable of replicating itself, independently of chromosomal DNA, especially in the cells 

of bacteria), plasmid DNA is preferably used in gene manipulation research or cloning. 

This plasmid DNA is then sent through a PCR (Polymerase Chain Reaction) machine. 

The researchers add, together with the DNA, two ‘primers’ (short strands of DNA or 

RNA) that will bind to the DNA strand on two different locations, thereby delineating the 

segment that the researchers want to replicate. They also add an enzyme, called DNA 

polymerase, that causes the segment to replicate over and over, amplifying the DNA so 

that information can be gleaned from it. The latter reaction is brought about by raising 

and lowering the temperature; this causes the DNA to fall apart when hot, and reintegrate 

when it gets colder. In this way, the DNA is replicated in every cycle, such that after two 

hours, there will be millions of copies of the segments of the DNA strand that were 

selected by applying the primers. 
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Transcript Micro 36, clip 5, 6.36  

Hilary: novice 

Inger: anthropologist 

Polymerase Chain Reaction 
 

1 Hilary:  (it) ((the PCR)) raises and lowers the temperature, 

2 like, by itself, which causes the DNA to anneal when 

3 it’s hot, or to fall apart when it’s hot and then  

4 anneal, come back together when it gets colder, and 

5 it does it a bunch of times, so amplifies it, ah, by 

6 itself. People used to have to do this by hand. 

7 Inger:  Oh 

8 Hilary:  he he he 

9 Inger:  He he 

10 Hilary: like, he, like, into a hot water bath= 

11 Inger: Oh, the, I see 

12 Hilary: =into a colder bath like 25 or 30 times, so= 

13 Inger: he he, yes 

14 Hilary: it’s good 

15 Inger: to have a machine, yes, uhum, so uhm, PCR stands for? 

16 Hilary: Polymerase Chain Reaction 

17 Inger: Ah 

18 Hilary: So polymerase is the thing that, like, ah amplifies 

19  DNA= 

20 Inger: Yeah 

21 Hilary: =and then, many times= 

22 Inger: Uhum 

23 Hilary: =so the chain reaction 
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24 Inger: Yeah, I see  

 

In this clip, Hilary, the novice, explains the PCR procedure to Inger, who is 

herself a novice and in addition, not even a microbiologist. Hilary does not have too 

much experience with this procedure, evidenced by her repair in line 3, where she first 

confuses “anneal” with “to fall apart”, then corrects herself and produces the correct 

meaning in line 4. Her explanation from then on is clear and easy to understand for the 

non-microbiologist. 

The PCR reaction produces amplified DNA that is now ready to be used for many 

different purposes. The DNA molecules are so tiny they cannot be seen by the naked eye 

or even through a microscope. In order to sort and measure the size of the DNA strand, 

the product of the PCR machine has to be sent through what is called a gel 

electrophoresis procedure. The gel is made up of seaweed-based agarose, plus a buffer 

made of salt water that will let electrical charges flow through the gel. The gel is put into 

a mold to solidify, and a comb is placed in one end, in order to make wells in the gel 

where the DNA is to be put in. The solidified gel is put in an electrophoresis box and is 

submerged in a buffer that will conduct the electrical current from one end of the gel to 

the other. The DNA sample, mixed with a dye for visibility and a buffer that makes it 

heavy, is loaded into the wells in the gel. Since DNA has a negative charge and will seek 

to travel toward the positive pole, the electric cords are plugged in with the negative pole 

close to the wells and the positive pole at the other end, and then connected to the power 

supply. The DNA will now move through the gel from the negative pole towards the 
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positive. Short strands of DNA move more quickly through the gel than do longer 

strands, so the DNA strands will sort themselves by size as they migrate through the gel. 

When the gel has run for 30 minutes, it is removed and put into a solution of ethidium 

bromide. This solution binds to the DNA and makes it show up under fluorescent light. 

Depending on how far the DNA has traveled, the researcher can estimate the length of the 

strand, and decide if this sample is useful for the experiment at hand. 

 

 

Transcript Micro 38, clip 3, 8.00  

Hilary: novice 
Inger: anthropologist 

 

A gel run 

 
1 Hilary:  It has moved out of the initial lane position [from] 

2 Inger:  [Yeah] uhum 

3 Hilary:  And you can see that the two littler blobs are moving, the dye is 

2 moving faster = 

5 Inger:  uhuh 

6 Hilary:  = cause they’re littler 

7 Inger:  Yeah 

8 Hilary:  So the bigger you are, the slower you move cause you’re more  

9  impeded by the agarose 

10 Inger: I see, yeah, hm, that is interesting, so what are they going to do,  

11  eventually, I mean [are they] m…keeping moving? 

12 Hilary: [They’ll just keep going], they keep moving but the littler  

13  ones move faster than the bigger one, so then you can tell species 

10 apart cause the same size move at the same rate = 

15 Inger: Uhum 
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16 Hilary: = so they all are at the same position on the gel 

 

  

Since the DNA is invisible to the eye, the gel is put into the ethidium solution and 

subjected to fluorescent light in a Gel Imager, a machine that also contains a camera for 

image capturing. The expert and the novice then study the image and discuss their 

findings.  

  

Transcript Micro 37, clip 3, 8.00  

Leia: expert 

Hilary: novice 

The DNA Fragments are there! 
 

1 Leia :  Hit the trans-elimination (xxx), and hit “expose” 

2 Hilary:  Yeay 

3 Leia:  They’re there! 

4 Hilary:  He he he 

5 Inger:  They are? 

6 Leia :  We were so worried 

7 Inger:  Oh, where are they? 

8 Hilary:  ((pointing)) This 

9 Inger:  Oh there 

 10 Leia :  So you can sort of play with the intensity, how long it, it’s  

 11  exposing it for and everything, but ultimately you just acquire  

12  the image and here, ah, this sort of puts it in a linear range, so then 

13  you can tell yeah, the products are where they’re supposed to be,  

14  and not on the other side 

 

 The expert and novice were both quite excited and delighted about the positive 

findings on the gel. They had been worried that the bands would be too small and too 
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difficult to see. They had only seen the dye on the gel, as the actual DNA bands were 

invisible until exposed to ultraviolet light.  

 While working with the plasmid DNA, the researchers did not seem to be caught 

up in the divide between the living entities and the printed images. When they inspected 

the diagrams from the green fluorescence assay, the expert pointed to the bars in the 

diagram while talking about the living bacteria. Discussing the gel run and the resulting 

photo of the DNA bands, however, the expert and the novice seem to have shifted their 

attention away from the living organisms. Instead, their focus is now on the genetic 

structure and its components. This change in attitude towards their object seems to have 

coincided with the extraction of the plasmid DNA from the bacterial suspension. To do 

this, the cell membranes were made to explode in order to let the cell content escape. The 

plasmid DNA was extracted and saved, while all the rest (the so-called debris) was 

discarded. Obviously, what happened during the process in which the bacterial cells were 

transformed into plasmid DNA is that the researchers cognitively changed their 

perspective towards their research objects, from considering them as living organisms to 

seeing them as experimental facts.   

 When studying the DNA, either on the gel itself or on the photo of the gel, the 

researchers do not only consider the bands of DNA. The bands are compared to the whole 

gel; they acquire their numerical value from a standard value that is always added as a 

control, and they gain their value from the values found in the surroundings: viz., the size 

of the agarose gel, the electric current, and the timeframe that is set for the gel run in 

question. The traced information, recorded on the gel, is complemented by labels added 
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directly on to the photos. A label can include as much or as little information as the 

researcher needs in order to remember exactly what he/she did. The combined image then 

becomes a piece of data, a detachable evidence of the object it refers to. Hidden 

microscopic objects become observable through chemical manipulations and through 

instruments of visual and graphic enhancement. Such scientific facts become independent 

of their place of origin, and are disseminated and disputed in journals and on conferences, 

far from those organisms living on the Petri plate. 

 

 

Transcript Micro 37, clip 3, 8.58  

Leia : expert 

Hilary: novice 

I always label my gels 

 

1 Leia :  I always label my gels, because ahm,  

2 tsk, then… 

3 Hilary:  Sure 

4 Leia :  Yeah, so then you know exactly what you did or whatever, you  

5  know it was there, in case you didn’t write it then in your notebook 

6  it’s at least there on your gel or something. A day behind you don’t  

7  have to go “ Oh where did I put that label, did I put that there?” So 

8  I label it right on here. 
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 Leia tells Hilary that she always labels her gels, and Hilary shows that she 

understands the information to be a directive to do the same by using an alignment token: 

“Sure”. Leia then explains the reason why she ‘told’ Hilary to label her gel; She narrates 

an imaginary situation where she did not write the results in her notebook and had 

forgotten where she put the label, “it’s at least there on your gel”.  

One of the most sophisticated pieces of technology that microbiology labs use is 

the DNA sequencer. This is an instrument that automates the DNA sequencing process by 

analyzing light signals originating from fluorescent dyes attached to the nucleotides, the 

building blocks of the DNA. DNA sequences make up a species’ genome, and by 

analyzing sequences of DNA, the researchers can determine where to insert a primer, and 

consequently what primer to use when defining the DNA strands to be amplified by the 

PCR process. DNA sequences are also used to determine if a cloning experiment was 

successful by checking if the DNA insert was ligated in the right place.  

 DNA profiling, or genetic fingerprinting, is often used by forensic scientists to 

identify individuals on the basis of their genetic make-up. A small part of a person’s 

DNA sequences is sufficiently different to distinguish one individual from another; in this 

way, DNA sequencing is useful in solving crimes. Also, since closely related family 

members have very similar DNA sequences, genetic testing can be used to establish a 

person’s ancestry.  

 Our expert and novice spend a good amount of time examining sequences of 

DNA samples. They prepare the DNA samples in their own lab, then they carry the 
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samples to another lab to be processed in the DNA sequencer. The resulting chart is sent 

back to the microbiology lab to be analyzed and used in further experiments.  

  In the next clip, the expert and the novice are working with sequences that they 

have just received from the sequencing facility.  They are comparing two sequences using 

a method called ‘sequence aligning’, which is a way of arranging sequences of DNA so 

as to identify regions of similarity between the sub-sequences. These similarities can be 

caused by functional, structural, or evolutionary relationships; if two DNA sequences 

have similar sub-sequences, there is a chance that the sequences are homologous, i.e 

share a common ancestor. This method can also be used to compare a bacterium’s ‘wild 

type’ (i.e. the typical form of a species as it occurs in nature) to one of its mutations.  

 The expert and novice seem to be unable to make the sequences align, and request 

assistance from another member of the lab who has more experience with sequence 

aligning. She advises them to select shorter sub-sequences, “chunks”, and attempt to 

align these, instead of trying to align the whole length of the sequences. 

  

Transcript Micro 39 clip 2, 5.54  

Nicola: expert 

Ruth: expert 

Hilary: novice 

Sequence aligning 

 

1 Nicola: So, if you think that’s your problem, just align the first, like the  

2 first hundred basepairs or the first two hundred like if you think  

3 there’s fifty overlapping, try to align maybe seventy-five and see  
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4 if it does, and then if you can get that working, then that’s the  

5 problem. It tries to align along the whole length, and so if you can 

6 get it into chunks where it gets a higher score= 

7 Hilary:  That’s what it’s doing 

8 Nicola: = then just a little piece at the end, it’ll do the chunks 

9 Hilary:  So how do you [deal with that?] 

10 Ruth: [Okay], I can show you how to do that, we just  

11 [select the rest of the sequence] 

12 Nicola: [You can tell it to just look at a] portion of it = 

13 Hilary: Okay, okay 

  

 Nicola adopts the expert role when she explains how she thinks they can define 

and solve their problem; they will get a higher score if they use shorter sequences. Hilary 

wants to know how to “deal with that”, and Ruth takes control as an expert by reclaiming 

her status as the mentor: “Okay, I can show you how to do that”. 

 The DNA sequences are accurate models of different species of bacteria; 

however, these graphic representations are only abstract versions of the living organisms, 

and as such, they have lost their connection to the original object. The researchers no 

longer refer to what is on the charts as “these guys” or talk about them as “they”. Instead, 

they consider them to be strings of the nucleotide bases, A (adenine), G (guanine), C 

(cytosine) and T (thymine) that make up the DNA of the different bacteria; the discussion 

centers around where to cut and make insertions, or what bases to include in a sub-

sequence. In this example, the many occurrences of “it” refer, confusingly, to both the 
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string of base-pairs in the sequence, the sequence itself, and to the computer program that 

does the sequencing. 

 

CONCLUDING REMARKS 

 
 I argue that what these researchers show is that ‘science literacy’, as practiced in 

microbiology and other labs, is different from the literacy that we are familiar with from 

our everyday and non-scientific lives. The use of metaphors and the ‘entextualizing’ and 

‘retextualizing’ processes that take place in scientific experimenting, and the subsequent 

discussions of the experiment, as well as the day-to-day language accompanying the 

experiments are effective tools for understanding what goes on in the lab, from Petri plate 

to DNA sequencing, in an environment that in principle is not accessible to direct 

observation. Science literacy is therefore a sufficient and necessary condition on 

successful scientific experimenting: success here includes a happy life in the lab, both for 

the bacteria and their keepers, the scientists.  

The various stages in a bacterium’s experimental lifecycle correspond to different 

semiotic manifestations, visually displayed as images or graphs. The various semiotic 

manifestations: inscriptions and acronyms, combined with questions and explanations, 

link the representations to the living cells in a synergistic convergence. As the scientific 

object progresses from growing happily on a Petri plate to being depicted by nucleotide 

bases in sequences developed by computer programs, a change seems to take place in the 

attitude of the researchers, effected by their use of words. Once the DNA has been 
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extracted, purified, and amplified, the perspective changes: from the nurturing care given 

to the organisms growing up, and the anthropomorphic terms used in discussing them, to 

the abstract scientific facts created and manipulated by different technological 

instruments. This new perspective is accompanied by a change in terminology: the 

nucleotides in the sequences are no longer called ‘guys’. 
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Chapter 5: Embodiment in Scientific Practice 

 
 

INTRODUCTION 
 

Laboratory work is embodied practice. The practitioners’ bodily resources 

constitute the major elements of this work, along with the highly specific environment 

surrounding the experimental work processes. Like all manual labor, scientific 

experiments make use of a variety of tools, both cognitive and embodied, as well as of 

material objects in the immediate context of the experimental situation.  

In order to understand and describe the ensemble of work processes involved in 

scientific experiments, I draw on several different theoretical and methodological sources 

of inspiration.  Phenomenologist philosophers like Martin Heidegger and Maurice 

Merleau-Ponty rejected the longstanding Cartesian tradition of dualism: the idea that the 

mind and the body are two distinct, separate entities. In line with other phenomenologists, 

they claimed that human understanding was based on everyday, practical, bodily activity 

in concrete situations; memories and understanding were not only stored in the mind, but 

could just as well reside in the body, where sensory impressions where first experienced.  

The idea that humans engage experientially and sensorially with the world around 

them (Heidegger, 1962; Merleau-Ponty, 1962) has inspired semioticians, anthropologists, 

and gesture scholars, among others; during the last few decades it has also stimulated 

studies in embodiment and multimodality. In social semiotics, Gunther Kress and Theo 

van Leeuwen developed theories of multimodality as a way to interpret the multiplicity of 



 158 

signs operating in locales as different as classrooms and children’s rooms (Kress & van 

Leeuwen, 2001; Kress et al., 2005) in order to depict what kinds of activities such 

contexts would invite; similarly, changes in interior design, decoration, and layout of 

people’s homes would be seen as indicators of changes in social mobility and status. In 

all these cases, the authors described human activities as embodied, and considered how 

the layout, visual displays, and disposition of space in the respective locales influenced 

those embodied activities.  

In anthropology, Steven Feld and Charles Goodwin were among the first to focus 

on the multiple semiotic modes that emerge during fieldwork of various kinds. In Feld’s 

ethnographic approach, sound was perceived as a cultural system of symbols. In his 

fieldwork among the Kaluli of Papua New Guinea, Feld portrayed their songs, weeping, 

and other vocal expressions as embodiments of deep sentiments, but at the same time as 

the Kaluli’s identification with, and reverence for, their avian environment (Feld, 1982). 

As to Goodwin, a good deal of his work centers around ‘vision’ (Goodwin, 1994; 1995; 

1996); in particular, his research on multimodality includes a definition of ‘semiotic 

fields’ as the specific relationship that obtains between the signs of such fields (Goodwin, 

2000). In later work, Goodwin describes language and gestures as two separate sign 

systems that interact in specific local contexts in a ‘dynamic ecology of signs’, as he 

called this productive interaction between speech and nonverbal signs (Goodwin, 2003). 

 More specifically studying hand movements, Jürgen Streeck and Curtis LeBaron 

(Streeck 2002; 2009; LeBaron and Streeck, 2000) have contributed recently in major 

ways to the understanding of the significance and origin of manual gestures. Through 
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videotaped studies of workshops, architects’ classrooms, and everyday interactions, they 

convincingly demonstrated that gestures “originate in the tactile contact that mindful 

human bodies have with the physical world” (LeBaron and Streeck, 2000: 119).  

In the following sections, I will present some of the relevant theories about 

situated learning, introduce the literature that I rely upon in the study of multimodality 

and embodied activities, and give a description of the physical surround and affordances 

of the laboratory. 

 

SITUATED LEARNING ACTIVITIES 

 
The present study investigates how learning is organized in a very specific 

context, that of a microbiological laboratory. In this connection, the work of cognitive 

psychologists and educational scholars who have developed methodologies of  ‘situated 

learning’ and ‘activities in context’ becomes relevant. These scholars belong to an 

updated contemporary tradition of ‘activity theory’, a theory and methodology associated 

with the Soviet psychologist and educationalist Lev S. Vygotsky (Vygotsky, 1978). 

Central in this tradition is the idea that individual development must be understood in its 

social and cultural-historical context. The context is defined much broader here than is 

done in most multimodal studies, since it includes the cognitive development of the 

individual and how it is shaped through communicative processes and socio-cultural 

practices over time. Since the present study describes apprenticeships lasting no more 

than three months, the macro-social character of this theory, especially with regard to its 
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historical aspects, poses a problem; other aspects of activity theory are easier to 

incorporate into a study such as this one. In particular, Vygotsky’s idea of the ‘zone of 

proximal development’ (ZPD; Vygotsky, 1978) was taken up by Jerome Bruner, who 

called it ‘scaffolding’ (Bruner, 1983). Similarly, in her selective application of 

Vygotsky’s ideas, Barbara Rogoff described children’s learning processes as ‘guided 

participation’ alongside an experienced partner (Rogoff, 1990; 2003); this particular 

approach is useful for analyzing how experts and novices interact and share 

understanding in their specific situated practice. As did Rogoff, Jean Lave & Etienne 

Wenger likewise distance themselves from the metaphorical concept of the learner as a 

container into which knowledge-content is poured (Lave & Wenger, 1991). Instead, they 

conceive of learning as a collaborative process in a participation framework, where the 

knowledge gained is distributed across the participants. In this view, both experts and 

novices (apprentices) are transformed by the process.  

Activity theory strives to combine macro-theory with specific micro-studies. Even 

so, some of the work associated with activity theory tends primarily towards a micro-

analysis of practice-bound cognition, as in the case of Scribner’s 1997 study of dairy 

workers and their daily work practices. This author focused on what she called ‘domain-

specific knowledge’, i.e., the specific knowledge about the objects and symbols that a 

particular setting affords, as well as on the actions required by the work task (Scribner, 

1997). In line with this, I will explore the ‘domain-specific knowledge’ pertaining to the 

particular setting of the microbiology lab.  
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 Activity theory places special emphasis on activity as mediating between the 

human world and the world of objects. This mediation happens mainly through the use of 

tools; here, Vygotsky was particularly interested in extending the notion of mediation by 

tools to that of mediation by signs and sign systems. Sign systems comprise not only 

language, but also other semiotic systems; thus, gestures (especially pointing) and the 

Peircean terms ‘symbol’ and ‘index’ are mentioned in his account of mediating devices. 

In addition, Vygotsky included psychological and cultural tools such as counting 

systems, mnemonic devices, algebraic symbols systems, writing, diagrams, maps and 

various schemes (1981: 137).  

 As to professional tools, their significance was demonstrated in an article by 

Keller and Keller (1996), describing how a contemporary amateur blacksmith forged a 

skimmer (a household utensil) by replicating the design of 18th and 19th century 

American ironwork. This creative process included a reflection on the structural 

properties of tools, and how they are the result of centuries of work experience, during 

which producing, modifying, and improving the tools made them more efficient by 

helping the craftsman do a better job. Thus, tools are constantly transformed through 

activity and carry with them historical and cultural remnants from activity-based 

transformations; when one studies the interaction between scientists and their tools in the 

laboratory context, this developmental aspect of tools is essential. 
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MULTIMODALITY AND EMBODIMENT 
 

  When it comes to picking the most suitable method for analyzing how scientists 

operate in their environment, the common denominator for both Goodwin’s concept of 

‘semiotic fields’ and Kress and van Leeuwen’s notions of multimodal communication is 

their attention to the complete ‘surround’ influencing the activity in focus. Goodwin’s 

(2003) ‘dynamic ecology of signs’ involves the co-occurrence of talk and gestures: not 

only how discourse is amplified and underlined by embodied action and vice versa, but 

also how discourse and embodied action sometimes take on autonomous roles and 

interact with each other; thus, a question posed verbally might be answered by one or 

more gestures. Furthermore, the ecology of signs approach includes the study of  how 

talk and embodied actions are situated within, and articulate with, the structures of the 

material environment.  

  Embodied actions are defined as body moves and stances that express emotions or 

thoughts not necessarily voiced by verbal behavior; posture, gaze, orientation, hand 

gestures, head movements, and various other body moves are all instances of 

embodiment. What defines the ‘material surround’ (the immediate surrounding) are 

generally the tools and instruments necessary to complete a certain task, as well as the 

material structures characteristic of the workplace. In Kress and van Leeuwen’s 

multimodal model, emphasis is placed on the interrelationship between discourse (spoken 

and written language) and embodied behavior. Their material surround includes an entire 

room (either a classroom, a living room, or a child’s room), and thus represents a broad 
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spectrum of influences on the ongoing activities. Kress and van Leeuwen describe how 

the different rooms are furnished; in the case of the classroom, they indicate how the 

students’ desks are placed in relation to where the teacher is situated and to whether the 

teacher is sitting down or moving about. These factors, in the authors’ opinion, influence 

the way the subject is taught, and consequently how the students learn. The decorations 

on the walls indicate what kind of pedagogy is practiced; in some places, it is the national 

curriculum that is posted on the board, while elsewhere it is the students’ own creative 

works that are displayed in poster form (Kress et al., 2005). 

  The present analysis combines the two approaches, Goodwin’s and Kress and van 

Leeuwen’s, in an effort to describe the immediate setting of the learning situation in the 

microbiology lab, while emphasizing the importance of the many features of the larger 

surroundings which create the affordances for a successful apprenticeship in science. 

 

THE EXPERIMENTAL WORKPLACE 

 
  In a small microbiology lab like the one where the present study was conducted, 

there are usually between ten and fifteen scientists working; as described in Chapter 1, 

above, they include, in addition to the principal investigator (PI), senior scientists, 

postdoctoral fellows, and students (graduate and undergraduate): some lab technicians are 

hired to coordinate the practical aspects of the experiments. As to the students present in 

the lab, a number of first year graduate students in microbiology join the lab for one of 

their three required rotations among various labs, in order to acquire the different skills 
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and techniques that can only be ‘learned by doing’. These ‘novices’ are assigned a 

mentor, an expert who will train them for three months and introduce them to the 

mentor’s own project, and to life in science in general. As to the undergraduates, they are 

present in the lab by special permission only (under the Dean’s Scholars program 

mentioned in Chapter 1).  

  Except for situations where the scientists are not training novice graduate 

students, their own experimental work is highly solitary. Each individual researcher is 

part and center of her own unit, consisting of materials, equipment and apparatus, along 

with the objects of her research: the bacteria that need to be nurtured, nursed, and 

observed in preparation for experimental manipulation. The researchers have their own 

personal projects, either chosen by themselves or (most often) assigned to them by the PI. 

Collaboration among the lab members does not necessarily mean they collaborate on 

joint projects, but that they keep themselves up to date on all the other projects in the lab 

through reports in the weekly lab meetings mentioned earlier. In the lab’s ‘lifeworld’ 

(Knorr Cetina, 1999: 217), the researcher plays a dual role: she is a necessary part of the 

unit, fulfilling her functions and interacting with her equipment, whereas outside the unit, 

she becomes a symbol of the lifeworld itself and the carrier of its significance. 

  The spatial arrangement around the researcher and her workbench demonstrates 

the multilayered field of semiotic signs that influence the process of experimentation in 

the microbiology lab. The workbench is the hub of the scientist’s experimental work. 

Here, one finds a workspace, consisting of the bench or counter, made from a material 

resistant to fire and strong chemicals. Above the bench, there are shelves where different 
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materials are kept. The arrangement of materials on the shelves differs from researcher to 

researcher, according to what they need for their current project, and to what they seem to 

use most often. A pipette rack, holding pipettes in many different sizes, is mounted below 

the lower shelf, well within reach of the researcher who is standing at her bench or sitting 

on a high stool (the stool is used on those occasions where a procedure calls for lengthy 

and intense scrutiny of bacterial cultures, or any other bench-bound activity that does not 

entail getting up too often).  

  The researcher’s lifeworld proper, surrounding and including the researcher 

herself, consists of a myriad of small tools easily reachable within the researcher’s range. 

Micropipettes and boxes with tiny pipette tips in many sizes and colors take up a good 

portion of the bench space, together with Petri plates (covered plastic dishes in which 

bacteria grow on agar) and larger tubes (for growing bacteria in nutritious media). Waste 

containers, one for bio-hazardous waste and another for non-contaminated waste, have 

central positions on the bench. Since these researchers work with highly virulent bacteria, 

the bench has to be disinfected regularly, so ethanol and wipes are always near at hand, as 

are rolls of tape and markers in different colors, useful for distinguishing tubes and plates 

with different content. Timers, spinners, centrifuges, and racks holding bigger tubes 

occupy the remaining space of the bench, and an ample supply of gloves is always within 

reach. 

Before starting on a project, the researcher assembles the tools, materials, and 

other resources around her on the bench; other materials, when not in use, are placed on a 

higher shelf. The shelves themselves are filled with bottles of various sizes, containing 
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solutions of many kinds: liquid nutrients, chemicals, buffers, disinfectants, and many 

more. The bottles present a remarkable display of liquids in several different colors, 

corresponding to the bottles’ content and their application. Not all solutions are used in 

every experiment; therefore, the majority of bottles remain on the higher shelves, slightly 

out of reach, but not further away than they can be easily retrieved if necessary. 

Before I begin to describe how the environment creates affordances for the 

experimentation process, it is necessary to define the lab in its entirety, and explain how 

both the more peripheral and the central shared spaces influence the researchers’ work.  

The lab members share a variety of equipment and resources. The lab’s ‘gold reserve’ of 

bacterial strains, both wild types and mutations, is kept locked down in freezers at minus 

80 degrees Celsius. This is the capital from which the lab members produce working 

stocks for use in their daily experiments. The working stocks are kept in different 

freezers, often at higher temperatures, usually at minus 20 C; as a consequence, they need 

less time to thaw. When the researcher starts a new project, she has to retrieve the tube 

with her own bacterial strain from the freezer, and thaw it on ice. Sometimes, she is 

impatient and puts the little tube in her pocket or inside her waistband, using her body 

heat to make the contents thaw faster. The bacteria are then put into nutritious media (a 

special broth) in order for them to multiply. Some bacteria require a temperature of 37 

degrees C to grow, and some only 30, so the lab has several incubators, some still, others 

shaking (some bacteria grow better due to the increased aeration caused by the 

movement). Other shared instruments and equipment include refrigerators, where 

enzymes are kept; microwave ovens for dissolving agar (a gelatinous substance used for 
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growing bacteria on Petri plates), centrifuges, a spectrophotometer, a fluorometer, a PCR 

machine, and a variety of other smaller instruments used for measuring (all of them 

described in detail earlier, in Chapter 4). The lab moreover has a special gel bench where 

gel electrophoresis procedures are performed; and for those scientists who work with 

non-bacterial (e.g. human) cells in order to explore their reaction to the bacteria, a sterile 

environment is provided for growing cells without the risk of contamination from other 

sources. This latter environment takes the shape of a glass-covered box in the wall with 

an inside light and a vent that can be opened and closed; it is called the ‘tissue culture 

hood’.  

In addition to the individual workbenches, the researchers also have their own desks, 

equipped with laptop computers, notebooks, and personal protocols, along with a small 

library containing the researchers’ written notes as well as articles from books and 

journals, relevant for their special projects. It is around this desk space that the 

individuality of the different members is revealed. Pictures of family and friends, photos 

of pets, and memorabilia from travels decorate this tiny desk space, where the researcher 

records her experimental results and prepares the dissertation or the publication she is 

working on. This is the researchers’ little private space, where work environment and 

personal sphere merge in some small way, to brighten the long hours of working in the 

lab.  

The layout of the lab, with its workbenches and all the specialized materials and 

equipment surrounding the researcher is characterized by spatial arrangements that make 

it suitable for multi-person use. There is a constant flow of traffic from bench to freezer 
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and incubator, from PCR machine to gel bench, from dark room and computer room and 

back to the bench again. By moving through the lab, the researcher familiarizes herself 

with the spatial distribution of the various machines and instruments, and soon she 

develops a corporeal memory of the “relevant structure in a consequential environment” 

(Goodwin, 2007: 60). Obtaining this familiarity is consequential for the researcher 

because the efficacy of her work depends on the distributed locations of the instruments 

and technical equipment; one could say that her embodied sense of space traces a 

cognitive map of the entire lab space in her corporeal memory.  

When a novice enters the lab to start her apprenticeship, the expert has already 

designed an experiment that will introduce her to the lab’s main skills and techniques. 

Sometimes, the expert selects a small part of her own project and gives it to the novice to 

work on; that way, the novice feels that she is useful, and the apprenticeship becomes 

more like a collaboration. The novice follows her mentor around and learns about the 

procedures by following them step by step as she observes the expert; eventually she is 

ready to perform simple procedures herself. Through this ‘scaffolding activity’ (Bruner, 

1983), the novice creates a mental map of the lab, and the embodied knowledge of her 

surround becomes extended beyond the confines of her physical body. The novice’s 

attentiveness to what goes on in the whole lab is enhanced by this mindfulness; through 

her “subconscious memories of situations” ( Knorr Cetina, 1999: 96), her individual 

‘lifeworld’ ceases to be an isolated personal unit, and becomes an integral part of the 

lab’s social and scientific community. These traits are further evinced in the willingness 
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of the other members to engage in the apprenticeship of the novice, should the assigned 

mentor be absent or otherwise prevented from assisting her mentee. 

 

MANUAL SKILLS AND THE SENSES 

 
A great deal, if not most, of the work that microbiologists do is manual labor, and 

most skills that characterize a good microbiologist are learned by practice. Certain hand- 

and finger movements are repeated over and over again, until they become an ingrained 

habit, a skill that is performed without conscious thought. Opening a tube with one hand, 

using the thumb to pop open the lid, pipetting micro-amounts of liquid into tiny tubes, 

spreading bacterial cultures on agar in Petri plates with a certain wrist movement – all 

those skills require intensive training and more than a little ‘talent’; the experienced 

scientists refer to it as having a certain ‘touch’. One of the most expressive uses of 

gesture occurs when the expert is demonstrating some manual skill without actually 

having a tool or object in her hand. The knowledge acquired in this context of bodily 

information processing, involving hands and senses, resists abstraction and is difficult to 

transfer to other contexts.  

Visual perception, too, is an essential part of microbiological work; in the present 

lab, the scientists observe and inspect data without the use of vision enhancing 

instruments, such as microscopes, more often than they make use of such instruments. It 

is common knowledge that our senses have severe limitations when compared to the 

newest technical instruments; hence, coordinating hand movements and the other senses 
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plays a major role in the daily microbiology work. Visual perception combines 

observation with experience; it is indispensable in many routine tasks, such as inspecting 

cell-colony morphologies on a Petri plate, watching pellicles form in a test tube, or 

observing how bands form in a gel (e.g. in order to decide if the gel should run a little 

longer).  

As to hearing, this plays an important role in monitoring instruments like 

centrifuges and electroporators. The latter emit a loud spark if the cells being 

electroporated contain too much salt, or something else is wrong with the procedure; 

upon hearing this sound, the scientist knows that she has killed the cells and will have to 

start all over again.  

But not only is important information imparted by sounds; in addition, 

experienced researchers are able to distinguish between different bacteria by using their 

olfactory sense. One graduate student told me that the Pseudomonas bacterium has a very 

nice, earthy odor, and offered to provide me with some, to smell for myself. By contrast, 

E-coli does not smell much at all (even if some Harvard scientists once tried to bring 

forth an E-coli that smelled like ‘oil of wintergreen’).  

Smell and taste are two senses that are frequently treated together, but due to the 

virulent character of the bacteria under investigation, tasting them is not recommended. 

Finally, tactility, or the sense of touch, is relied upon to gauge the temperature of a liquid 

gel, or to decide if the agar is solid enough to spread bacteria on.  

All of these sensory experiences become parts of the scientist’s body memory, a 

‘corporeal archive’ (Knorr Cetina, 1999: 99) that is activated in new situations, 
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resembling past incidents or procedures; the bodily knowledge involved here is mostly 

unarticulated, and therefore goes by the name of ‘tacit’ knowledge. Such knowledge is 

not explicit, cannot be explained in writing, and belongs to the single individual; it can 

only be learned from others by observation or imitation. In the lab, the novice learns the 

skills and techniques by observing the expert and imitating her; slowly she begins to 

achieve the mastery that characterizes the expert.  

In all manual work, the hands perform the tasks, and in teaching the novice how 

to develop her manual skills, the expert demonstrates the hand movements without 

necessarily holding the plates, the tubes, or the pipettes in her hands. These movements 

of the hands illustrate how the corporeal memory retains a sensibility for how to perform 

the task; skilled manual work is embodied as gestures of the hands. Apart from the 

gestures developed directly from expert manual tasks, certain general hand gestures are 

used to attract and direct attention; this is done by tapping or touching the participants’ 

shoulders or backs, or by pointing to objects or persons further away. When describing 

and analyzing bacterial cultures in a Petri plate, pointing, as well as tracing and hand 

shaping help delineate the form of the cell cultures. Finger movements may illustrate 

differences in size, whereas cupped or flat hands may delineate dimensionality.  

In apprenticeship situations, both expert and novice attend intently to each other; 

their gaze shows the degree of their mutual orientation towards each other and to the 

objects under scrutiny. Postures and facial expressions reveal participants’ attitudes and 

emotions, even when nothing is expressed verbally; the expert may express 

disappointment with a failed experiment by adopting a certain stance, while the novice 
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secretly enjoys the triumph of a successful procedure. Due to their attention to each other 

and the familiarity with each other’s habitual demeanor, they perceptively notice 

multimodal cues of changes in affect and respond adequately to such signals. 

 

 

 

SOME CASE STUDIES 
 

Spreading 

 
 In the remainder of this chapter, several different examples will be given of how 

experts and novices demonstrate the part that embodiment plays in their daily routines. 

These demonstrations focus on various aspects of the embodied practices: bodies 

interacting with tools and instruments, the use of senses in the assessment of bacteria, and 

hand gestures originating from the actual practice of skills. On one occasion, a particular 

skill had been demonstrated once to the novice, and the novice had tried it out with 

unfortunate results. The expert explains the procedure to the researcher, while letting her 

hands show, in a somewhat exaggerated fashion, how the novice may have 

misunderstood the instruction. (See Fig. 5.1) 

In Fig. 5.1, Steph, the expert, has just inspected some Petri plates with bacterial 

cultures. This was the first time Carol, her apprentice had tried a procedure called 

‘spreading’, in which a small quantity of bacteria is spread over the surface of nutritious 
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agar, and made to grow and multiply in the incubator overnight. Steph is telling me, the 

anthropologist, what the novice did wrong (with reference to distributing the cells on the 

plate), and how she, as an instructor, can help the novice develop the skill of spreading.  

 

 

 

Fig. 5.1 “It’s definitely just a technique” (line 15) 

 

 

Transcript Micro 13, clip 3, 4.51 

Spreading 

1 Steph:  So the next time she’ll know how long she has to do it  

2 ((making gestures of spreading, holding the imaginary  

3 plate in her left hand and a non-existent spreader in her  

4 right hand)) 
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5 Inger:  Uhum 

6 Steph:  and you know I mean she did it, and what pressure to  

7   apply ((moving her hands in a downwards pressure  

8   push)) 

9 Inger:  Uhum 

10 Steph:  you can run it sort of over the top ((running her 

11   right hand quickly back and forth)) like a million  

12   times and= 

13 Inger:  Yeah 

14 Steph:  =and if you don’t have the right, like you know, 

15   ((making the same spreading gesture as in line 2)) 

16   yeah, it’s definitely just a technique that you really 

17   have to have to practice to be able to uhm ((doing the 

18   spreading gesture)) so one of the things I’m going to 

19   do is, I don’t use, we have these ((making circular 

20   motions with her right hand)) little turntables= 

21   ((bringing both hands over the bench top)) 

22 Inger:  Uhum 

23 Steph:  =that just you can spin= ((making a rapid twist with 

24   her left hand)) 

25 Inger:  Yeah 

26 Steph:  and then, ((making a spreading motion with her right 

27   hand, not holding a plate in her left))  

28   I don’t use those, ((opening her hands resuming the 

29   spreading position)) I just… 

30 Inger:  [No, you] 

31 Steph:  [I don’t] like the, ((opening her hands)) I wanna have 

32   control of it ((making a grasping move with her left 

33   hand)) 

34 Inger:  Yeah 

35 Steph:  So I hold them but I think for her ((clasping hands 

36   together)) we’ll get her one of those spin plates 

37   ((making a tentative spreading motion)) 
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38 Inger:  Uhum 

39 Steph:  And that’ll s… that’ll help with the spreading 

40   ((moving hands together, then outward in a spreading 

41   motion)) 

42 Inger:  Yeah 

43 Steph:  Uhm it’s more of a a preference= ((clasping hands)) 

44 Inger:  Uhum 

45 Steph:  =so most people in here ((pointing with her right 

46   hand out to the rest of the lab, her gaze following her 

47   hand)) do use the little spin plates ((making circular 

48   movements with her left hand)) 

49 Inger:  Yeah, uhum 

50 Steph:  I don’t know, I just like to hav’em [he he] ((grasping 

51   movement with left hand)) 

52 Inger:  [He he] yeah 

53 Steph:  I think it’s just how you learn, I learned with 

54   (?) thing= ((making spreading motions)) 

55 Inger:  Uhum 

56 Steph:  =and I just wanna hold it ((curling her hand in a 

57   grasping movement)) 

 

In this excerpt, Steph is not actually training anyone; she is reporting to me how 

she plans to instruct Carol. Even if she is not training me, Steph makes spreading motions 

with an imaginary plate and spreader as if she is putting herself in the moment of 

performing the actual motion. Instead of positioning her body facing the workbench (as is 

the usual stance when spreading), she has her body facing me, and the camera, while 

leaning her left hip against the bench. Being positioned in the middle of her work 

environment with all her tools and materials surrounding her, Steph engages her 

corporeal memory of the multiple times in the past that she has performed the spreading 
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technique; it is as if she cannot help herself, but must demonstrate the actual movements 

of her hands to me.   

Steph then proceeds to elaborate on the many different elements to consider in the 

spreading technique. One aspect is the duration involved in the procedure; here, the 

practitioner has to patiently move the spreader back and forth over the top of the plate. 

The number of strokes one has to apply to distribute the bacteria evenly throughout the 

surface of the plate is a matter of importance, as is the amount of pressure to exert. If the 

pressure is too light, the cells are not distributed well enough, and will end up in a big 

continuous patch, instead of as individual cultures that can be counted. If the pressure is 

too heavy, the risk of pushing through the agar may ruin the plate and jeopardize the 

experiment. Steph engages her body memory of the force applied, when she says 

“pressure” (line 6), at the same time performing a downward pressure push with her 

hands. Imitating the movements she uses in the actual spreading procedure, her hands 

perform those movements in big amplified gestures. She explains the efficacy of applying 

the right force by demonstrating the futility of repeating a non-focused, insufficiently 

pressured action by moving her right hand very quickly back and forth in a repetitive 

motion while uttering “You can run it sort of over the top like a million times” (lines 10 

and 11).  Here, Steph both uses exaggeration for emphasis and lets her hand flutter back 

and forth in rapid movement.  

Some of Steph’s gestures in this stretch are accompaniments to her narration and 

coincide with her verbal expressions; at other times, gestures take the place of 

unexpressed ideas that then become embodied in her hands. Thus, in lines 1 and 6, the ‘it’ 



 177 

Steph refers to is demonstrated by her hand movements; here, she performs the motions 

that she would use if she had held the plate and spreader in her hands. The aborted 

utterances in lines 14 and 17, where she is searching for words, are completed by a 

gestural demonstration of the right technique (Fig. 5.1). This technique, she emphasizes, 

can be acquired only through practice, a fact that is further underscored by her repeated 

‘spreading’ gestures. Throughout her gestures, she is showing “the right” (line 14) way; it 

is as if she were unable to show how it could be done the ‘wrong’ way. Neither does she 

try to imitate Carol to show me how the novice did the spreading. For one thing, she may 

not have observed Carol’s technique (sometimes, Carol worked on her own); besides, a 

wrong spreading technique will always show up in the resulting abortive growth patterns 

anyway.  

To help Carol develop the right technique, Steph is going to suggest that she use a 

small turntable, also called a spin plate, to help her with the spreading. The Petri plate is 

positioned on the turntable, and spun around with one hand, the researcher holding the 

spreader (a glass rod) in the other, while moving it back and forth to spread the bacteria. 

Steph depicts the turntable by making circular movements with her right hand while 

repositioning her hands towards the bench where the turntable usually sits. By doing this 

she is creating an object, places it symbolically in our field of vision, and deposits it on 

the bench, thereby engaging her body, the spin plate, and the work bench, as well as the 

observer and the camera, in some form of intersubjective engagement. The object that she 

is shaping, and the bench that she is gesturally implying, belong in this intersubjective 

space, since both are created through interaction between the various subjects involved. 
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Alternatively, one could say that the objects have become endowed with agency and 

therefore are made subjectively as well as intersubjectively meaningful.  

When Steph performs a right hand twist in order to illustrate the push that is 

needed to make the turntable spin, she makes use of the very object that she has just 

shaped. Her utterance “that just you can spin” (line 23) and her pushing gesture clearly 

coincide and become just two modes of conveying the same information, while she lets 

the missing part of her remark be expressed by her subsequent hand gestures (line  26). 

Steph prefers not to use a turntable herself : she likes to hold the plate and feel 

that she has bodily control over the process. This preference is accentuated by her left 

hand symbolically grasping the plate and illustrating her strong grip on it. Next, turning 

her attention back to the training process and away from her own preferences, Steph 

clasps her hands together while uttering “but I think for her” (line 35), to signify that she 

has solved Carol’s spreading problem. Directing her hands and a steady gaze at me, Steph 

bodily presages the utterances in which she offers the actual solution to the problem: 

“we’ll get her one of those spin plates” (line 36), as “that’ll help with the spreading” (line 

39). Until then, Steph has kept her hands still, but when she utters the word “spreading”, 

she spreads them outwards, fingers extended, in a big sweeping movement that is 

completely different from the spreading motion exhibited earlier, in an iconic gesture 

indicating ‘spreading over a large area’.  

 Following this, Steph clasps her hands, again holding them still and close to her 

body, thereby conveying her very personal preference for not using spin plates as most 

people in the lab do. She alludes to the aesthetics of the skill by revealing her own 
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preferences, while admitting that there is more than one way to practice a skill. When she  

mentions that the other members of her work environment seem to prefer to use spin 

plates, she lets her right hand make a slight indexing gesture, out from her body towards 

the rest of the room, her gaze following the gesture. Once more restating her preference 

of hand-holding the plate, over and against the prevalent choice of the workplace, she 

uses a different expression this time: “I just like to hav’em” (line 50), choosing ‘have’ 

instead of ‘hold’; the grasping movement of her left hand, however, is the same as when 

she demonstrated her preference the first time. ‘Having’ expresses a stronger 

possessiveness than does ‘holding’, and the incremental progression of these expressions 

illustrates the personal ownership that Steph experiences towards her method. She then 

reveals that this was the way she learned to do it when she was trained, and how from 

then on she always did it the same way. By referring to her own training process, Steph 

acknowledges that her skill has an historical as well as a social aspect, both of which she 

has brought with her to her present status of expert. This awareness indicates the 

important role of the apprenticeship process in the training of young scientists; the 

methods and techniques they internalize during their first rotations tend to stay with them 

and are often transmitted to their own apprentices.  

 

Plating 

 
The next segment involves the same skill, but this time taught by another 

researcher, Leia, who uses a different terminology. Leia teaches Hilary, her rotation 
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student and apprentice, how to do what Leia calls ‘plating’, (i.e. spreading bacteria on a 

Petri plate). Hilary has already acquired a spin plate from one of the other lab members, 

and she is using a glass rod, bent into a triangle shape, to plate with. Leia is going to 

show her how to use the spin plate, but she also wants to tell Hilary about her own 

method of plating. (Fig. 5.2) 

 

 

 

Fig. 5.2 “I stick a tip on and I curl it” (line 7) 

Transcript Micro 40, clip 7 

Plating 

1 Leia:  I’m the only one who plates with–  ((bringing her left 

2 hand up towards her shoulder, lowering it in front of 

3 her chest)) I take uhm uhm ((running her 
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4 right hand back and forth over her left hand)) pipette 

5 tips= ((making circular motions with her left hand)) 

6 Hilary:  Uhum 

7 Leia:  =basically I stick a tip on ((making a raised right 

8   fist, stabbing twice)) and I curl it= ((twists her  

9   right wrist)) 

10 Hilary: Uhum 

11 Leia:  =and then I spread it around with that= ((running her 

12   right hand back and forth, her left hand remaining 

13   passive))  

14 Hilary: <nodding> 

15 Leia:  =cause I’m like well, I know the tips are very  

16 sterile he he= ((raising both her hands to her chest, 

17 letting them fall, turning her body slightly to the 

18 left)) 

19 Hilary: <nodding> 

20 Leia:  =and that’s how I learned in the L*** lab ((taking 

21   a few steps backwards)) 

 

 Prior to this excerpt, Leia, the expert, had directed novice Hilary’s gaze towards 

the bench, having first summoned her verbally and caught her attention. Leia tells Hilary 

that she is the only one in the lab using this particular method of plating: “I’m the only 

one who plates with …” (line 1). After Leia’s initial utterance, Hilary turns her body and 

full attention towards Leia, while Leia takes a step back. Leia indicates, just like Steph 

did earlier, that there are more ways to plate than one, and that she has her own special 

way of performing this skill that nobody else seems to share. Turning to herself, Leia 

brings her left hand towards her left shoulder, palm turned towards her body, fingers 

slightly pointing at her chest; her words and her gestures are perfectly synchronized. She 
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does not complete her utterance, though, but launches into a search for words, while she 

lets her hands do the symbolic plating: her left hand holding the imaginary plate, the right 

hand making a rapid, gentle back-and-forth movement over the left. Leia’s gestures 

supply a possible answer to her word search: “pipette tips” were the words she was 

looking for, and her left hand is making gathering movements, as if she is collecting the 

tips. While these gestures might be somewhat unclear, Leia’s next gesture, by contrast, is 

not ambiguous in the least: she makes the characteristic gesture of holding a pipette and 

she stabs it twice into an imaginary box of tips, pretending to attach a sterile tip to the 

pipette. Twisting her right hand and arm to the left, she holds on to the pipette and 

illustrates the curling of the tip while she tells Hilary how she does the curling, and 

spreads the bacteria with it.  

 This skill is more complex than the one described by Steph, as it involves curling 

a pipette tip every time a new plate is spread (in addition, what Leia does not mention, 

possibly to save time, are some steps in the process, such as the sterilizing of the glass 

rod by ethanol and gas flame). The spreading is depicted gesturally by Leia moving her 

right hand back and forth, while the left is held open and kept still. Meanwhile, Hilary 

keeps her gaze focused on Leia’s face, as if her words were more important than her  

gestures. Leia’s gaze fluctuates between meeting Hilary’s gaze and focusing on her own 

gestures. The specific instances where she moves her gaze away from Hilary are when 

she is searching for words, looking at and moving her hands, or when she refers to the 

tips as being very sterile. 
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 When Leia mentions the sterile tips, she rolls her eyes and then directs her gaze 

towards the bench where the pipette tips are located. Taking a step forward towards 

Hilary, she opens both her hands as if presenting the novice with a new fact for her to 

consider. Leia’s gestures serves a twofold orientation: for one, they refer back to her 

earlier justification for using pipette tips instead of a glass rod; but also, she wants to 

impress on Hilary that she learned this method in the lab where she did her rotation as a 

beginning graduate student. Laughing somewhat apologetically, as if she were a little 

uncertain as to how Hilary will receive this information, Leia steps back and turns her 

whole body to the left, retreating backwards in space and time, as if to recall her 

experiences in her first lab. For a moment, Leia closes her eyes and seems to be 

somewhere else, disengaging herself from the present; she withdraws both her gaze and 

her body and concludes her explanation by uttering “and that’s how I learned in the L*** 

lab”. 

 The similarity between Leia’s and Steph’s perceptions of history is striking, not 

only in that the method they learned in their first labs stays with them well into their 

expert lives, but also in the ways they demonstrate their respective methods to their 

apprentices, teaching them that there are more ways than just one to spread the bacteria 

(do the ‘plating’), even if they advise them to follow common lab practice and use the 

plate spinner.   

Smelling 
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In another of my sessions with Steph and Carol, Steph asks me if I want to smell the 

Vibrio cultures that they are analyzing, and puts a plate of bacteria right under my nose. I 

pull back in mock shock and disgust, mindful of the security training I received upon 

entering the lab. But Vibrio cholerae bacteria do not become airborne, so there is no 

danger of contamination: they have to be ingested in order to cause trouble in the 

digestive system. At this point, the people around me all start laughing, so I ask Steph if 

E-coli bacteria, too, have a distinctive smell. Upon which Steph demonstrates the 

relevance of smelling. She tells me how she is able to distinguish between the smells 

emanating from the different bacteria that she works with, even if her olfactory sense 

seems less useful in experiential work than her vision is. (Fig. 5.3) 

 

Fig. 5.3. “Stop sniffing your cultures” (line 36) 
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Transcript Micro 13, clip 1, 6.50 
 
Smelling bacteria 

1 Steph: I don’t know if I have any E-coli cultures, they smell 

2 (4) ((raising her left hand to her forehead, rubbing it  

3 once)) they don’t really smell much to me ((moving 

4 her left hand out from her body with fingers 

5 outstretched)) because I’m used to the Vibrio  

6 ((pointing loosely to the plates with both hands)) 

7 which has a real like= ((holding her cupped right hand  

8 in front of her)) 

9 Inger: [Yeah] 

10 Steph: [=UGH] ((making a facial expression of disgust while 

11 holding her hands in front of her and pulling her head 

12 back)) he he he and the Pseudomonas ((holding an imagined 

13 object between both hands)) which has a kind of like 

14 ((rotating her right wrist twice and sniffs)) sweet= 

15 ((bringing  her hands closer to her chest with fingers 

16 moving and a delighted expression in her face)) 

17 Inger: [Sweet he he yeah he he] 

18 Steph: =[yeah like nice smell] so yeah I don’t know ((putting 

19 one hand on the bench while the other scratches her  

20 forehead)) this is sort of bland to me but it does have 

21 a smell ((her left hand moves as if presenting  

22 something)) 

23 Inger: So you attach some kind of nicety to to this sweet 

24 smell 

25 Steph: Yeah Pseudomonas smells like like earthy, yeah like 

26 sweet earthy ((moving both hands in a carrying 

27 gesture)) I don’t know, yeah, I like the way it 

28 smells ((moving her left hand from her waist outwards 

29 in a presenting motion, while lifting her head, smiling)) 

30 Inger: Yeah 

31 Steph: Back when I was working with it (??)= ((her left hand 
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32 making the motion of holding a plate, while her right hand  

33 makes spreading motions. She brings her left hand up  

34 to her nose, sniffing)) he he he 

35 Inger: He he Yes 

36 Steph: “Stop sniffing your cultures” ((rotating her left 

37 wrist at waist level)) “Sorry” he he ((bringing her  

38 left hand close to her nose with a twist)) he he he  

 

In this excerpt, Steph distinguishes between three different bacteria and their inherent 

smell. She demonstrates her bodily reaction to each specific smell, acting it out as in 

pantomime, using hand gestures, facial expressions, and bodily stances. Both her body 

comportment and her gestures are closely coordinated with her speech and, since they 

occur spontaneously in connection with her talk, can be considered instances of 

‘discourse gestures’. When Steph tries to recall the smell of E-coli from her memory, she 

seems to have some difficulty. Judging from the pause after “they smell” (line 1), where 

she puts her hand to her forehead, she is thinking hard about whether E-coli has any 

distinctive smell. Rubbing her forehead while pausing to search for an adequate answer 

could be seen as self-grooming; considering the context, I prefer to interpret it as a sign 

of contemplation or of memory retrieval. Steph resolves the matter by declaring: “they 

don’t smell much to me” (line 3), compared to what she is used to from smelling Vibrio. 

Pointing to the plates of Vibrio on her bench, Steph engages her whole upper body to 

express the disgust she experiences from the odor of those bacteria. She leans backwards, 

wrinkles her forehead, knits her eyebrows, while she forms her mouth to express the 

expletive “Ugh” (line 10), in a highly stylized multimodal performance, based on a 
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“mutual constitution of sensory, communicative and social fields” (Keating and Hadder, 

2010).  

By contrast, when Steph describes the smell of the Pseudomonas bacterium, her 

expression changes from disgust to pleasure. Raising her shoulders towards her ears, she 

lifts her hands towards her chest, fingers loosely curled, while she inhales with a 

delighted smile, and talks about the sweet nice smell of the bacteria, and when she utters 

the name Pseudomonas, her hands form a somewhat rounded object (lines 12-13). This 

performance is so engaging that I feel compelled to repeat Steph’s expression “sweet” 

(line 17).  

Next, Steph returns to the question of the E-coli smell. She once again expresses 

uncertainty, this time not just rubbing, but scratching her forehead (lines 19-20) and 

turning her body away from the bench, all of which conveys an impression of hesitation. 

In the end, Steph decides that E-coli smells “sort of bland” (line 20), but nevertheless 

“does have a smell”. In presenting me with the answer to my question, her left hand 

moves from her body to mine, as if she were actively handing the answer to me. When 

she removes her gaze from mine and turns toward her bench, she signals that she turns 

over the floor to me.  

I take the opportunity to ask Steph if she attaches any positive feelings to the smell of 

Pseudomonas (lines 23-24). She enthusiastically agrees (“Yeah”), saying that it has a 

“sweet, earthy” smell (lines 25-26). Her hands form a kind of vessel that she is carrying 

or grasping; perhaps it contains the ‘earthiness’ that she feels. She brings this symbolic 

container, filled with the nice earthy smell and her warm feelings, into our intersubjective 
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space so as to share it with me. She moves her left hand and lets it rest on her waist for a 

moment as a kind of self-referral; then she moves it outwards, palm up, as if she is once 

again presenting something, while she declares (somewhat defiantly): “I like the way it 

smells” (lines 27-28). Here, her look and posture indicate that she is not embarrassed to 

admit that she likes the sweet smell of Pseudomonas, even if her colleagues may find this 

unusual.  

Steph goes on to tell me that she used to work with the Pseudomonas bacterium, and 

enacts this bit of history by showing how she would slowly and furtively bring up her left 

hand holding the plate with bacteria, up to her nose (lines 33-34), all the time making 

sniffing noises and shifting her gaze from side to side, as if to make sure nobody was 

watching her (See Fig. 5.3).  While sniffing her bacteria, she bends forward over her 

bench, down into her own personal workspace, signalizing privacy to possible 

bystanders. Her laughter in line 34 functions as a joking confession to her pathological 

behavior, following the stereotype of the ‘mad scientist’ whose passion leads him to 

forget common demeanor. Steph then does a little performance. showing how another 

member of her work environment reacted to her behavior: “Stop sniffing your cultures” 

(line 36); the remark, being formed as a firm command in the imperative, not as a mild 

request,  most likely coming from someone in a superior position. Even so, her apology 

in line 37 (“Sorry”) may not have been a true apology; rather, it may have served as a 

“remedial strategy” (Goffman 1971: 113),  allowing the accused to acknowledge her 

eccentricity in breaking rules or norms. The apology then becomes a ritual in which the 
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rules and norms are reconfirmed and reinstated. Steph’s laughter indicates that she is not 

really sorry, but simply performs the obligatory ritual for readmission into the fold. 

 

The NanoDrop instrument 
 

One of the first things the new rotation student upon entering apprenticeship will 

learn is how to operate the many small and large instruments that are used in the lab on a 

daily basis. In the next two excerpts, Ruth, the expert, is teaching Hilary, the novice, how 

to operate the NanoDrop instrument in order to measure the  DNA content in a drop of 

plasmid, and determine if the sample contains enough DNA to be sequenced. The 

operation requires precision and patience, since a fair number of small steps all have to be 

followed accurately. The novice’s instruction is accompanied by the expert’s hand 

gestures, indicating measurements, movements, and contents. In addition, to index 

various parts of the procedure, Ruth uses several different ways of pointing.  

This kind of cooperation between two researchers and an instrument in the production of 

knowledge is an example of the distributed cognition that is at work in highly 

technological work processes (Hutchins, 1995; Goodwin, 2000). The human researchers 

use different modalities to include the instrument in their interaction: in the clip analyzed 

here, beside verbal description and instruction, Ruth adds gestures that emulate stages in 

the performance of the instrument. As an experienced user of the instrument in question, 

Ruth knows what happens when the drop of DNA is positioned on the NanoDrop  

pedestal and the device’s arm is lowered to enclose it; she performs this operation with 
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hand gestures to make Hilary better understand the procedure, thereby making the 

instrument into a ‘co-actor’ (Latour, 1987). 

What goes on inside the instrument itself is hidden; on the outside, the process appears in 

the shape of an array of calculations, made by the computer on the basis of the drop of 

plasmid on the NanoDrop pedestal. This computer output (called an ‘inscription’, 

following Latour) can be studied by the researchers; by contrast, the process that goes on 

inside the instrument is transparent only to Ruth, the expert, who is using gestures to 

visibly demonstrate what she knows is taking place within the machine. 

Ruth is taking Hilary through the many different steps involving the use of the NanoDrop 

device. The sample they are testing has to be free from any contamination, so Ruth tells 

Hilary how to clean both the pedestal where the drop of plasmid will be deposited and the 

arm that is going to be lowered over the sample. Having cleaned the instrument with 

bleach and rinsed it with distilled water, Hilary is ready to start the NanoDrop device by 

turning on the computer that is connected to it.   

 

 
Transcript Micro 29, clip 3, 5.26 
 
NanoDrop 1 
 
1 Hilary:  ((moving the pipette away from the NanoDrop pedestal,  

2   closing it, and disposing of the tip)) 

3 Ruth:  Okay (3) and you did it ((extending her hand, palm  

4   up)) I think you sort of do it naturally ((moving her 

5   hand, palm up, up and down twice)), but you, just like 

6   you did ((pointing with her index finger to the  

7   pedestal)) push down on it once= ((making a pushing  
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8   movement with her index finger)) 

9 Hilary:  Okay    

10 Ruth:  =so, that makes sure that ((clapping her hands  

11   together in one brisk movement)) you’re actually  

12   building a column of fluid= ((forming a circle with 

13   her right hand, moving it up and down in the shape of a  

14   column three times)) 

15 Hilary:  Okay 

16 Ruth:  =until the top of the pedestal from the bottom 

17   ((measuring the distance from the top to 

18   the bottom with her hands, moving them back and 

19   forth horizontally anchoring the measurement)) 

20   click okay, it’s gonna initialize, sounds like a 

21   dentist drill, arghhh ((raising her shoulders in 

22   disgust)) he he I hate the noise. 

 

Hilary deposits the fluid from the pipette on the pedestal, closes the upper arm, 

and disposes of the pipette tip in the bio-hazardous waste container. The hand movements 

employed here are all part of the manual skills that Hilary is learning; rather than being 

simple gestures, they represent techniques for manipulating objects. The researchers are 

both facing the NanoDrop instrument and computer screen, Ruth standing to the right of 

Hilary with her body turned slightly toward the novice; the spatial organization of this 

encounter between two scientists and an artifact resembles what Kendon (1990) has 

called a ‘focused formation’ (or F-formation), where the focused interactional space can 

take different shapes, such as a triangle or a circle. Within this organizational space, the 

formation’s participants have access to one another; by contrast, the artifact has to be 

brought into the interactional space by one of the human participants. Since this 
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encounter is an instructional situation and not a social one, the type of activity taking 

place puts special constraints on the participants and their relationship. 

Ruth, the mentor, is engaged in teaching; from her comments and criticisms, the novice 

Hilary can learn how to develop her skills. Since the instruction in this case concerns the 

use of the NanoDrop, a stationary instrument, the participants’ mobility is restricted to 

the space directly in front of the instrument. Ruth is pleased to see Hilary performing the 

task the way she has been taught; she stretches out her one hand, palm up, and moves it 

up and down towards the instrument, her gesture and her comment “you did it” (line 3) 

indicating that Hilary has performed the task in the right way and even did it “naturally” 

(line 4). Ruth thinks that Hilary has the ‘touch’– a talent that is not easy to define, but 

which includes the opposite of being clumsy, a great compliment to be awarded in a lab 

environment.  

Then Ruth uses her index finger to point at the upper pedestal, actually touching it and 

making a pushing movement. She remarks that Hilary should “push down on it once” 

(line 7), just like she did already. Note also that there is a difference between the two 

hand gestures Ruth is using. When she extends her hand toward the ensemble of artifacts, 

she employs a looser, referencing gesture. Pointing to the upper pedestal of the 

NanoDrop, however, she touches the device with her index finger, assigning a very 

specific meaning to the gesture; that of pushing down on that very spot. 

 Next, Ruth’s gestures illustrate what actually happens in the machine. By 

clapping her hands together (lines 10-11), she demonstrates how the sampling arm with 

the upper pedestal touches the lower pedestal. When that happens, the upper fiber-optic 
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cable connects with the lower one through the column of fluid that builds up between the 

two pedestals. When Ruth brings her hands together, Hilary moves her gaze from the 

NanoDrop, first to Ruth’s face and then to her hands. Earlier in the segment, Hilary had 

been preoccupied with her manual tasks and with recording the different steps in her 

notebook, so this is the first time that Hilary’s attention is focused on Ruth’s gestures and 

gaze. Ruth shapes the column of fluid by forming a circle with her right hand, moving it 

up and down several times (Fig. 5.4), and using gestures to depict what  is happening 

within the Nano-Drop. By “solicit[ing] attention for the gesturing hands” (Streeck, 2009: 

9), Ruth makes it visually manifest to the novice how the fluid reaches from the lower to 

the upper pedestal, just like a column. In this way, she brings the visual replica of this 

phenomenon into Hilary’s sensory domain.  

Next, Ruth describes how the column extends from the bottom to the top pedestal, 

simultaneously indicating by hand gestures the distance from top to bottom (Fig. 5.5). 

Her gestures embody information, both about the column’s shape and verticality and 

about its size.  

In Ruth’s visual depiction, we notice how gestures and language are in agreement. Ruth 

includes the technological apparatus into the participation framework (Goodwin, 2007) 

performing the activity of the instrument through her gestures. In this way, she 

contributes to Hilary’s greater understanding of their common “augmented environment” 

(Hollan and Hutchins, 2009: 237). Ruth tells Hilary to “click okay” (line 20), and warns 

her that the computer emits a noise when it initializes –  a noise that “sounds like a dentist 
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drill, argggh” (lines 20-21; Ruth obviously has had no pleasant dentist encounters!); she 

pulls her shoulders up toward her neck in a posture 

of disgust and laughingly declares: “I hate the noise” (line 22).  

 

 

  

Fig.5.4 “you’re actually building a column of fluid” (lines 11-12) 
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Fig.5.5 “until the top of the pedestal from the bottom” (line 16) 

 

 

 

 

The next segment involves the computer on whose screen the result from the 

NanoDrop instrument will be projected. The device’s hidden activity will be processed 

by the computer’s software to become visible on the screen, so that the experimenters can 

read off the measurements taken when the two optic-fiber cables connected through the 

fluid. All the objects that the experimenters need, both real and imagined, are now in their 

immediate environment and all preparations have been made to start the measurements. 

   

Transcript Micro 29, clip 3, 6.18 
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Nanodrop 2 

1 Ruth:  It’s now tuned to go ((raising her hand toward the screen)) 

2 first thing you need to do is [push] ‘blank’((pointing to  

3  the screen with her little finger)) use the same 

4   water ((pointing to the water bottle with her index 

5   finger)) that’s already in there ((pointing to the  

6   nanodrop instrument with the whole hand)) so just go  

7   ahead and hit the ‘blank’ ((pointing to the screen  

8   with her little finger)) ((Hilary writing in her 

9   notebook, then taking the mouse and hitting ‘blank’))  

10   And notice, it’s recording, it does that  

11   automatically ((pointing with her little finger  

12   extended to the screen)), but that at the end,  

13   ((moving her hands to form a page, then moving her  

14   hands to indicate the top and bottom of the page)) it  

15   gives you a summary of all your readings ((moving her  

16   right hand down over the virtual page twice as if to  

17   cover it all)) which is nice cause then you can just put 

18   them in your notebook ((opening her hands like a  

19   book)) 
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Fig.5.6 “it gives you a summary of all your readings” (lines 14-15) 

 

 

Using speech and indexing gestures, Ruth indicates that the computer is now 

ready to start measuring the fluid sample. While giving Hilary instructions in how to 

begin the procedure, Ruth displays an extraordinary virtuosity in pointing. First, she 

points at the computer screen with her little finger (“blank”; lines 2-3), then at the water 

bottle with her index finger (“use the same water”; lines 3-4), and finally at the 

NanoDrop instrument with her whole hand (“that’s already in there”; line 5). Ruth’s 

differentiated use of specific fingers to identify three different objects in her immediate 

environment remains unchanged throughout this interaction; every time she points to the 

computer screen, she uses her little finger, while the others are used for different indexing 

purposes. Ruth’s spoken instruction has a formal structure without dysfluencies or 
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hesitation pauses of any kind, the activities following each other in time; by contrast,  the 

‘blank’ button, the water bottle, and the NanoDrop instrument exist simultaneously in 

Ruth’s mind. Her use of the different fingers of the same hand, and eventually of the 

whole hand, to point to the individual elements of the experiment’s complex operation 

indexes the simultaneity of those elements.  

Having finished the instructions, Ruth indicates to Hilary to go ahead and hit the ‘blank’ 

button, again pointing at the screen with her little finger. Now would be the time for 

Hilary to follow Ruth’s expert instructions and do as she has been told. But Hilary does 

something else: she does what any conscientious student would do: writing it all down 

lest she forget. So she turns to her notebook and writes down the instructions, and only 

then grabs the mouse and hits ‘blank’.  

Ruth continues her instruction using another of her complex verbal-gesture interplays. 

Directing Hilary’s attention to the computer, she points with her little finger at the report 

on the screen. Ruth informs Hilary that the computer automatically records the results, 

and will produce a summary of all the readings in the end. With her hands, she shapes a 

page, indicating top and bottom, thus bringing a new object into the shared interactional 

space. When Ruth moves her hands to shape the report page, Hilary turns her gaze from 

the computer screen to Ruth’s face and focuses her attention on Ruth’s gaze and gestures, 

as we saw her doing earlier (see Fig. 5.4  and Streeck, 2009: 9). The screen report has 

now been transformed into a virtual page, brought forth by Ruth’s gestures. She moves 

her right hand over this imaginary page twice, indicating with a sweeping gesture that the 

computer report will have a summary of all Hilary’s readings (Fig. 5.6). Ruth’s gestured 
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page seems to precede and anticipate the actual paper page that the printer will produce in 

the end, which is also the page of measurement results that Hilary is supposed to put in 

her notebook. Mentioning the notebook, Ruth opens her hands as if opening a book (Fig. 

5.7) – a gesture that emphasizes the importance of the notebook and reminds the novice 

of the need to record everything in her lab notes. 

 

CONCLUDING REMARKS 

 
 The present chapter has described how multimodality and embodied practice 

define much of the scientific work that takes place in a particular scientific lab. Drawing 

on both European and American theories of multimodal discourse and semiotic ecologies 

as the framework for a discursive analysis of scientific experimentation, the chapter 

brings into focus embodied practices such as gestures, comprehensive applications of the 

sense organs, and body moves. In a series of examples from the daily routines in the 

microbiology lab in question, we have seen how the researchers’ skilled experimental 

work and transmittal of skills depend on the development of techniques involving 

embodied practices and sensitivities. In particular, in the case of spreading and plating 

techniques, specific hand and wrist movements are learned as early as during the first lab 

experiences; such movements tend to be stored in corporeal memory, thereby becoming 

tacit knowledge. In situations where experts train novices, such embodied skills and 

techniques are acquired by demonstration and imitation; verbal instruction is 

accompanied by the particular hand and body moves needed to perform a specific manual 
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task. Gestures supplement and interact with language (typically when expert and novice 

are searching for words), and participants often improvise gestures to accompany verbal 

expressions. (Goodwin, 2003) 

 An acute sensory perceptiveness, particularly in the area of vision and smell, 

plays a major role in experimental work with bacteria, even if the individual bacterium 

cannot be seen without vision enhancing instruments. The sense of smell is strongly 

connected to memory; certain smells conjure up reminders of past experiments, as these 

are associated with either very delightful or extremely foul smells. 

 In cases where researchers and instruments cooperate to perform operations, 

gestures serve to illustrate invisible activities taking place within a machine or 

instrument. In apprenticeship situations, experts train novices by using illustrative hand 

movements to explain complicated processes in simple and meaningful ways, thereby 

conveying information to the novice that is less efficient or difficult to express using 

words only.  

The combination of language and embodiment in scientific practice is a complex 

integration of words and gestures, linking the body to the tool environment and creating 

an interesting combination of semiotic modes. When knowledge is distributed between 

scientists, instruments, and objects (like lab instruments or bacteria), the human scientist 

uses gestures to include the nonhuman participants in the interaction, whether to illustrate 

the invisible activities of an instrument, or to perform and dramatize the activities of the 

bacteria. Such embodied practices are critical to the training of the novice, and strengthen 

the learning process. The gestures re-create objects to serve as actors in the drama. The 
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framework that is created in this way extends the participation within the framework to 

include the nonhuman participants in more direct collaboration with humans than would 

be the case if one considered them as mere technical accessories.   
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Chapter 6: Conclusion 

 

In this study, I set out to explore how microbiologists, through interaction and 

multimodal activities, learn to observe, analyze, and discuss their data, and how scientific 

knowledge about microbes is communicated to fledgling scientists who enter the field as 

apprentices.  

Socialization into a scientific field involves, first of all, a classroom-acquired 

foundation in theoretical knowledge, as provided by the general curricula in 

undergraduate and graduate programs that include books, movies, photos etc. In the 

process of socialization into a specific laboratory, the abstract meets the particular; the 

particular process covers a wide range of challenges that have to be confronted and 

overcome in acquiring the specific skills and techniques pertaining to the field of choice. 

While the programs mentioned above offer some preparatory laboratory courses covering 

simple experimental procedures and safety training, most of the professional training 

proper takes place in the very laboratory where the student-apprentice has chosen to work 

and study towards his/her final degree. 

 For the study at hand, I examined the processes involved in building new 

scientific knowledge. I did this by means of a detailed observation of the experts and the 

novices as they engaged in teaching and learning. My focus here was on exactly how 

such knowledge was mediated turn by turn; what particular symbolic communication 

resources the participants explore during their educational activities. Furthermore, I 
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intended to examine how these activities emerged within a complex environment 

including the tools, the instruments, and the sophisticated technology used in the learning 

process, and how symbolic resources and the use of nonverbal and embodied 

communication and practices influenced the organization of ideas and the generation of 

tacit scientific knowledge.  

Socialization into a community of practice implies more than skills and 

techniques. A laboratory is a scientific workplace; it has members with different 

identities, it has a history, lore, and social traditions (including attitudes, a hierarchy, and 

relationships); in addition, the lab has work routines, scientific protocols, and an 

individual organizational style. Confronted with the workplace in all its diverse aspects, 

the apprentice is invited to chart and navigate the various expectations placed on her, 

listen and learn, observe and imitate, and try to move from the periphery toward the 

center of the community.  

My study has focused on four different aspects of the socialization process that an 

apprentice in microbiology is confronted with. These aspects are: 1) Presentation of data 

(bacteria) through metaphors and performance, 2) Science literacy, 3) Exploring the 

microbiology workplace through narratives, and 4) Multimodality and embodied practice.  

My findings range from defining the notion of ‘science literacy’ to establishing the 

importance of contextual tellability in the study of narratives. I have defined 

intersubjective spaces where researchers and scientific objects interact in co-operational 

frameworks, and where humans, tools, and instruments form intersubjective 

architectures, with multimodal activities playing a major role. I have shown how 
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researchers created links between living bacteria and their semiotic representations, and 

how it was made possible to blend two different semiotic manifestations of the same 

bacteria. 

Exploring how the connections between scientists and scientific objects are established 

through different semiotic modes, I discovered that researchers create and move between 

several levels of analysis (with various degrees of skill) in order to fully understand the 

nature of their research objects. The scientists’ discussions and analyses of the living 

bacterial cultures growing on the Petri plates revealed a creative use of metaphors of size, 

shape, and dimensionality in a constant interplay with talk, various hand and finger 

movements, and facial expressions. The metaphors used to describe bacterial cell cultures 

tended to be of an anthropomorphic type, containing lots of sensory information. Both in 

verbal and nonverbal interaction, the body acted as an analyzing instrument. On another, 

more abstract level, the researchers produced and discussed diagrams and charts 

produced in collaboration with instruments and devices, and with displays on the 

computer screen. Using metaphors, anthropomorphic terms, and embodied 

communication, the researchers included the living bacteria in their discussions of the 

graphic representation, thereby revealing the blurred boundaries between the physical 

objects and their symbolic representations. By pointing to a diagram, while commenting 

on how “these guys” would be “much happier with oxygen”, an expert could demonstrate 

how it was possible to create links between, blend, and simultaneously discuss, two 

different manifestations of the same entities.  
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On the next level, embodiment played a large role. Here, I found that the researchers 

attributed agency to the bacteria; they did this by assuming for themselves the identity of 

the nonhuman cell. In dramatizing cell behavior and adopting the perspective of the cell, 

the expert staged performances and created an intersubjective space where expert, novice, 

and bacteria were co-participants. In such performances, participants and objects enacted 

intersubjectivity by collaborating in an embodied interactional space. I believe such 

embodied performances to be particularly effective pedagogical tools for mediating 

knowledge in the expert-novice constellation.  

Narratives engage the novice in various aspects of becoming a member of a scientific 

community, in particular with respect to gaining insider access to the workplace. I found 

that stories told by senior workplace members to novices who were eager to learn, 

effectively added value to the information provided, be it about the work processes, the 

skills, the safety instructions, or the social customs developed by the lab members over 

time. When experts and novices create stories as they perform experiments together, I 

argue that such stories help retain the experience of the procedures in the novice’s 

memory, and facilitate her transition to situations when she will be expected to work 

independently, without the scaffolding that an expert provides.  

I have chosen to examine the narratives from the joint perspectives of tellability and 

reportability; my findings indicate a close correspondence between the narratives told and 

their contextual circumstance. The narratives that gain the status of stories worth telling 

in the science lab are not necessarily stories that are newsworthy or entertaining in 

themselves; rather, they are stories that are closely connected to the work procedures, the 
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safety precautions, and the history and traditions of the workplace. In this connection, I 

challenged the assumption that a narrative is tellable or reportable by virtue of some 

abstract notion of inherent value; instead, the criteria for tellability in an instructional 

environment have to be sought in the affordances that the stories provide for the learning 

activities.  

With regard to the notion of literacy, I inquired into how this notion is to be included in 

scientific research. Literacy in scientific endeavor requires more than the ability to read 

and write, as referred to by the common notion of literacy. Both in scientific 

experimentation and in scientific publications, various kinds of graphic representations 

(graphs, diagrams, pictures, DNA sequencing, etc.) are produced and interpreted. An 

apprenticeship in science implies gaining proficiency in interpreting such representations 

and including them in discussions and presentations. To distinguish this specific ability 

from the term ‘scientific literacy’, which is used to denote a general understanding of 

scientific topics (e.g. in the news media), I have coined the term ‘science literacy’ to 

indicate the specific abilities that are required to successfully carry out scientific research, 

using the sensorial and communicative abilities that are available to the lab researcher. 

In their discussions, the researchers refer to the bacteria proper as well as to their graphic 

representations as living entities; they talk about them in anthropomorphic terms, 

attributing human-like feelings and capabilities to them. Here, I discovered an amazing 

change of perspective in the researchers’ attitude towards their research objects – a 

change that took place after the bacterial DNA had been extracted, purified, and sent to 

sequencing. This change was manifested by a change in terminology: from describing 
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living beings, the terminology now changed to designating abstract scientific facts. Such 

a change in perspective may be largely non-conscious, triggered by the near-impossibility 

for a human to identify with a DNA base pair, as opposed to with a living organism, a 

bacterium. 

Throughout this study, the work processes in the lab have evinced, qua their 

manual and sensory nature, the predominance of embodied practice in scientific 

experimentation. In order to explore the multiple semiotic modalities that influence the 

learning process of the apprentice, I submitted stretches of interaction between experts 

and novices that involved several semiotic modes to a detailed and meticulous scrutiny. 

This multimodal analysis started with a spatial consideration of the work environment: 

the layout of the laboratory and the position and placement of tools, instruments, and 

various containers (freezers, incubators, and microwave ovens), necessary for 

experimentation. Within this surround, I observed how verbal interaction and embodied 

action interrelate; I found that sometimes, there was concordance between speech and 

gestures, while at other times, gestures supplemented and substituted for verbal 

expressions; something which was especially evident when the researcher was searching 

for words.  

Where the expert instructed the novice in the use of a machine or an instrument, 

informal, idiosyncratic gestures and hand movements were used to visualize processes 

that could not be observed otherwise. Through the expert’s demonstrations and the 

novice’s imitation, skills are embodied in the novice and stored in her corporeal memory. 

This handling of unarticulated knowledge reveals how tacit knowledge is acquired, and 
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emphasizes the importance of embodied sensitivities for the development of manual 

skills. In addition, knowledge is distributed between humans and instruments, experts and 

novices, thereby creating a space where knowledge is mediated intersubjectively, and 

where tools as well as nonhuman objects and abstract symbols are included as co-

participants. 

During the last few decades, there has been a great deal of interest in studying, 

and writing about, how science is practiced. There has been significantly less interest in 

how science is learned. I hope the present study may be a modest contribution to our 

knowledge of how young scientists acquire their scientific skills, and how they develop 

the sensibilities that are expected of an expert scientist. 
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