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PART I
Studying Laboratory Practices





STUDYING LABORATORY PRACTICES

1 Introduction

“There is nothing so given as a matter of fact.  In 
common speech,  as in  the philosophy of  science, 
the solidity and permanence of matters of fact re-
side in the absence of human agency in their com-
ing to be. Human agents make theories and inter-
pretations,  and human agents  therefore  may un-
make them. But matters of fact are regarded as the 
very ‘mirror of nature.’ ... [M]atters of fact are held 
to be the passive result of holding a mirror up to re-
ality. What men make, men may unmake; but what 
nature makes no man may dispute. To identify the 
role of human agency in the making of an item of 
knowledge is to identify the possibility of its being 
otherwise. To shift the agency onto natural reality is 
to stipulate the grounds for universal and irrevoca-
ble assent” (Shapin and Schaffer 1989 [1985]: 23).

To deny the role of human agency in the production of knowledge, Shapin and 

Schaffer argue in the quote above, is to make matters of fact instead of theo-

ries and interpretations. Matters of fact, they say, cannot be disputed, pre-

cisely because they are matters of fact, in other words, parts of reality unaf-

fected by what humans do or do not do. Acknowledging and identifying hu-

man agency in the production of knowledge, on the other hand, means mak-

ing theories and interpretations, items of knowledge that are actively  made 

and may be disputed. 

This study will  analyze the roles of both human and machine agency in 

laboratory practices of transforming samples into data. It is based on ethno-

graphic fieldwork in five laboratories in the southern half of Sweden. These 

laboratories were part of the growing biomedical field. They were involved in 

what could be loosely termed genetic research; some of them were research 

laboratories and some so-called technology platforms; laboratories equipped 

with complex instruments and able to perform very specialized analyses. All of 

them were associated with one of two large organizations, called Swegene and 

Wallenberg Consortium North (WCN), as well as with different universities. 

The central focus will be on laboratory practices of making data. I will ex-

amine how the staff in these laboratories turned samples into data, what was 
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1 INTRODUCTION

important to the laboratory staff in this transformation, as well as the role ma-

chines were assigned in these practices. 

Turning samples into data is only one step in a much longer process of 

producing  scientific  knowledge,  but  it  is  an  important  step  that  has  been 

studied rather little so far. The making of data is of importance for scientific 

research, as all subsequent conclusions rest on this data. Therefore, it is cru-

cial that samples are not only turned into data, but into  valid data, that is, 

correct and reliable data. 

In the laboratories  I  studied,  valid data was primarily  defined as repro-

ducible data, made with its future reception in the research community in 

mind. In this context, reproducibility meant that results could be repeated, 

ideally by a different person and in a different laboratory. Accordingly, labora-

tory practices of making valid data revolved around striving to eliminate fac-

tors that endangered reproducibility in order to achieve  this validity in the 

data that was produced. 

Theoretical Setting

This study is located within Science and Technology Studies (STS), an inter-

disciplinary field concerned with studying science and technology as sociocul-

tural action. With a growing focus on the importance of knowledge, and espe-

cially scientific knowledge, for both everyday life and society in a larger con-

text, interest in how this knowledge comes into existence has increased, and 

the production of scientific knowledge has been a topic within STS for quite a 

while (see, for example, Knorr-Cetina 1981; Latour 1987; Lynch 1985a; Wool-

gar and Latour 1986 [1979]).  Within the subfield  called laboratory studies, 

small-scale studies of laboratory research, often in a single research laborato-

ry and often  ethnographically, examine how knowledge becomes knowledge 

or, in other words, how research results become accepted facts (for example, 

Latour 1987; Woolgar and Latour 1986 [1979]). 

In addition, a cultural perspective is important throughout the study. In 

bringing together STS and and this cultural perspective, similar to Traweek’s 

study of physicists (Traweek 1988), I aim to approach laboratory practices of 

making valid data and the roles humans and machines are assigned within 

them from the  laboratory  staff’s  point  of  view.  This  means  understanding 
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STUDYING LABORATORY PRACTICES

these practices as a meaningful activity and thus situating them within a cul-

tural context. 

Scientific Practice as Cultural Practice

As the notion of culture may mean very different things to different people – 

researchers  in  one  laboratory  I  visited  for  example  immediately  associated 

“laboratory culture” with “mold in the coffee cup” that someone forgot some-

where and “nasty” bacteria colonies growing uncontrolledly all over the place – 

I should define (or at least try to) what I mean by culture. A definition that 

provides a good starting point is Clifford Geertz’s1 famous image of culture as 

a web of significance, or meaning:

“Believing ... that man is an animal suspended in webs of significance he 
himself has spun, I take culture to be those webs, and the analysis of it to 
be therefore ... an interpretive one in search of meaning” (Geertz 1973a: 5).

In his concept of culture, focus lies on how people create and communicate 

meaning.  Consequently,  studying  other  cultures  means  trying  to  decipher 

these meanings and to understand the culture’s particular ways of creating 

them. 

Meaning is not created individually but in a collective, public process; it is 

created in communication with others: 

“[T]he culture concept to which I adhere ... denotes an historically trans-
mitted pattern of  meanings embodied in symbols,  a system of inherited 
conceptions expressed in symbolic forms by means of which men commu-
nicate,  perpetuate,  and develop their  knowledge  about  and attitude to-
wards life” (Geertz 1973b: 89).

Meaning can be created and conveyed in a multitude of ways, by speech as 

well as by acts or symbols. In this way, communication and thus the creation 

of meaning is not  limited to literally  telling stories,  but includes conveying 

meanings that are encoded in objects or embodied in action. Geertz likens in-

terpreting a culture to reading a text and describes culture as an “acted docu-

ment” (Geertz 1973a: 10), the sentences and paragraphs and chapters formed 

not only by words but also by things and actions. 

Continuing Geertz’s text metaphor of culture, one might say that it is pos-

1 He is not the only one, though, who defines culture as a system of symbols and 
meanings; see, for example Basso and Selby (1980 [1976]).
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1 INTRODUCTION

sible to tell a story (in a less literal definition) and thus to share, create, com-

municate, and develop meaning by doing things, that is, by cultural practice. 

This means that it is important to emphasize that culture is not something 

that simply exists, but culture is something that people  do  continually. The 

meanings that are shared, communicated, created, and developed are done so 

by doing culture, by cultural practice. 

This cultural practice comprises both doing culture by creating meaning 

through performing certain actions or acting in a certain way and doing cul-

ture by creating meaning through talking. This does not mean to say that 

these elements are identical. Quite the opposite, they may seem at contradic-

tions with each other: what people say they do is not always the same as what 

they do. Put together, these different elements complete each other to more 

nuanced and differentiated meanings. 

Geertz himself writes about understanding ritual, in his example the cock-

fight in Bali,  as a story that people “tell  themselves about themselves,”  or, 

phrased more analytically,  a “metasocial commentary”  (Geertz  1973c: 448). 

The “themselves” that Geertz refers to are people, Balinese who, according to 

him, reflect  upon their  social  structure  by means of cockfights. However,  I 

think that it is possible to see not only ritual but cultural practice in general 

as a cultural group’s way of reflecting about itself.

Laboratory research,  which in most people’s  opinion is  about as far re-

moved from ritual as one can get, is not simply a matter of conducting experi-

ments,  handling  samples  and machines,  and writing  articles.  At  the  same 

time as scientists do all that, they enact and thus re-tell and re-establish a 

view of the world in which doing scientific research is a meaningful activity 

and in which it makes sense to do it in exactly the way they do. In their arti-

cles, they create meaning in a larger context, not only giving meaning to labo-

ratory work or scientific research, but above all establishing and negotiating a 

view of how the physical world can and should be understood. 

In this manner, the staff in the laboratories I visited reflected about the so-

cial  structure in their laboratories through their cultural practices, that is, 

through laboratory practices. This social structure included not only humans, 

but also machines, which in the laboratories were very much a part of every-

day work and thus of everyday life. As I will show, machines were assigned 

roles in the social structure of the laboratories, and the stories the laboratory 

staff were telling themselves about themselves were metasocial commentaries 

about both people and machines and the relationships between them. 
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STUDYING LABORATORY PRACTICES

Apart from that, scientific practice can also be a means to tell stories, built 

into this practice, about how to do good science and bad science, for example 

that samples must be transformed not simply into data but into valid data, 

how to define validity, and how to attain it. As I will show, it also tells stories 

about what humans and machines are and, consequently, how they fitted into 

doing science. 

The Production of Scientific Knowledge

There are two aspects of STS studies of the production of scientific knowledge 

that provide a theoretical setting for this study, namely laboratory practices 

and the roles that machines are assigned within the production of knowledge. 

Laboratory Practices

Laboratory studies have been done in different types of laboratories (see, for 

example, Gusterson 1996; Knorr-Cetina 1981, 1999; Landström 1998; Lynch 

1985a; Traweek 1988; Woolgar and Latour 1986 [1979]), some of them similar 

to  those  I  studied  and  several  of  them  concerned  with  the  production  of 

knowledge. Many of these are based on more or less extensive observations2 

in different laboratories, focusing on different aspects in this production.

One of the classical laboratory studies is Steve Woolgar and Bruno Latour’s 

Laboratory Life (1986 [1979]),  a study which almost  exclusively  focuses on 

how inscriptions, that is, written traces, are produced and in which way dif-

ferent laboratory members are involved in that process. Using these inscrip-

tions as their point of departure, Woolgar and Latour show how laboratory 

staff contribute to the construction of scientific facts by turning raw ingredi-

ents like energy, chemicals, and animals into instrument readings which in 

turn are transformed into published research results and, as scientists hope, 

end up as established facts.

Consequently,  Laboratory Life centers  on  what  Woolgar  and Latour  call 

“modalities:” in the construction of facts, the modalities, that is, the uncer-

2 Most of them explicitly call their method “participant observation,” but, as it is often 
far from clear what kind of fieldwork this is supposed to refer to, I hesitate to use 
the term. 
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tainties, the hedging, are taken away. A fact is true, according to them, when 

people do not disagree about its validity any more: “We showed that reality 

was the consequence of the settlement of a dispute rather that [sic] its cause” 

(Woolgar and Latour 1986 [1979]: 236). 

Another study, inspired by Latour’s later work and aimed at molecular bi-

ology,  is Catharina Landström’s PhD thesis  Everyday Actor-Network (1998). 

She conducted research in a molecular biology laboratory in Sweden – in this 

way, her work is rather close to this study – as well as on the Internet and in 

a company manufacturing machines for laboratory use in the United States.

Her aim is both to “explore the symbolic order of everyday work in molecu-

lar biology laboratories” and to look “for ways to understand the transforma-

tion of  local  technoscience  work into  global  molecular  biology”  (Landström 

1998: 1). It is her third aim though, showing how an actor-network approach 

can be employed in order to depict the relationship between the local and the 

global, that dominates the study. 

Michael Lynch’s Art and Artifact in Laboratory Science (1985a), on the other 

hand, focuses on the local in day-to-day interactions. Lynch’s interests lie in 

what scientists talk about in a laboratory, both at work and during breaks, 

and how they talk about what they are doing and seeing. He argues that “talk-

ing science,” which according to him is not limited to verbal discourse, is an 

integral part of scientific collaboration, as interpretations (and subsequently 

discoveries  or  facts)  are  established  from  more  or  less  ambiguous  data 

through this “talking science” (Lynch 1985a: 155ff). 

Another  study whose focus is on the local is Karin Knorr-Cetina’s  Epis-

temic Cultures (1999), which compares the production of knowledge of particle 

physics to that of molecular biology. Knorr-Cetina3 contrasts the two disci-

plines,  describing particle  physics as a science  in which collaboration and 

group projects are the standard way of organizing work, whereas in molecular 

biology it  is the individual, not the laboratory, who is the standard unit of 

work, and consequently authorship of new knowledge belongs to individual 

scientists, not groups. 

In Sharon Traweek’s  Beamtimes and Lifetimes (1988)  and Hugh Guster-

son’s Nuclear Rites (1996), anthropologists describe slightly different environ-

3 Three chapters out of nine in this volume are written in collaboration with Klaus 
Amann. Regardless, the only name on the cover of the book is Knorr-Cetina’s, and 
it is narrated in the first person singular, with exception of the footnotes, where 
Knorr-Cetina is having discussions not only with fictitious scientists but also with 
Amann. It seems rather strange to ascribe all of the ideas taken from the book to 
her, but for want of a better solution, I will have to do that.
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ments. Traweek’s study of high energy physicists is ordered along the lines of 

a classical ethnography, exploring 

“how high energy physicists see their own world; how they have forged a 
research community for themselves, how they turn novices into physicists 
and how their community works to produce knowledge” (Traweek 1988: 9).

Traweek shows how traditional anthropology not only can be employed but 

also is very useful to describe and analyze a culture that would not self-evi-

dently be recognized as a place for anthropological research.4 

Focusing on the uncontested, everyday aspects of what physicists do and 

know and talk about rather than on controversies, Traweek describes an in-

ternational community of physicists in terms of culture as a shared pattern of 

meanings. She shows that it is not only possible but also fruitful to do so. 

With this perspective, it becomes mandatory to think about science as cul-

ture, instead of regarding science as separate from and possibly negatively in-

fluenced by culture. In this way, Beamtimes and Lifetimes plays an important 

role for this study. 
Nuclear  Rites,  having  a very  similar  point  of  departure,  is  based on re-

search in a nuclear weapons laboratory in the United States. Gusterson turns 

his attention to how people become weapons scientists, which aspects of their 

work they find important, and the scientists’ own views on what they do and 

why. Part of his study deals with different points of view on ethics. Originally 

a member of the antinuclear movement, Gusterson predictably was interested 

in how the scientists feel  about their work morally. (As it turned out, their 

point of view was that their research was a substantial contribution to peace.) 
Nuclear Rites does not deal with spectacular discoveries or the more flashy 

aspects of scientific work but with trying to understand how nuclear weapons 

scientists’ laboratory culture works as a whole. The focus of research is on 

how members of this culture create meaning and relate to the outside world.
Traweek and Gusterson worked in very different kinds of laboratories. Still, 

there are similarities: all of the laboratories are workplaces for highly educat-

ed scientists working on high-prestige, highly technologized (and therefore ex-

pensive) projects; all of them conduct research on things that cannot be seen 

with the naked eye, which means that machines play an important role in the 

researchers’  world  (both  studies  discuss  machines  in  different  contexts: 

Gusterson 1996: 119ff; Traweek 1988: chapter 2). 

4 Her intent was “challenging and sometimes inverting” (Traweek 1992: 434) the gen-
re’s conventions, playing on mainly E. E. Evans-Pritchard’s (one of anthropology’s 
culture  heroes;  see  Evans-Pritchard  1937,  1940)  style  of  writing  ethnography 
(Traweek 1992: 434f). 
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There are studies of particular aspects of laboratory work, as well, for ex-

ample Jordan and Lynch’s paper on ritual and rationality in laboratory work 

(Jordan and Lynch 1992) or Knorr-Cetina and Amann’s papers on discussion 

among  laboratory  members  as  a  way  of  establishing  what  images  mean 

(Amann and Knorr-Cetina: 1990; Knorr-Cetina and Amann 1990). An aspect 

studied by both Knorr-Cetina and Lynch is “making it work,” an expression 

they encountered doing fieldwork in different laboratories, denoting success at 

producing results or completing experiments (Knorr-Cetina 1981: 4f; Lynch 

1985a: 113ff). Stephen Barley and Beth Bechky discuss the role technicians 

play in scientific laboratories, arguing that it is technicians who mediate be-

tween the material and the symbolic realms, making it possible for scientists 

to move exclusively within the symbolic  realm of data and theories (Barley 

1996; Barley and Bechky 1994). 

I will use these studies of laboratory practices in order to provide a larger 

context to the laboratory practices I encountered in the laboratories I visited. I 

will also use them to help understand aspects of the practices I observed. 

For genetic research and similar fields, there is little material on how data 

is produced. Instead, it seems that it is generally assumed that experiments 

somehow generate data. The parts of these laboratory studies that do discuss 

data focus on how data is turned into knowledge. In other words, they exam-

ine how the result of an experiment in a laboratory becomes more than just a 

researcher’s hypothesis and turns into a widely known fact, as for example 

DNA has become. Apart from observations on practices of establishing what 

experimental  results  mean (Amann and Knorr-Cetina  1990;  Lynch  1985a), 

there are no studies of how data is made into data. 

This lack of systematic analysis engenders a gap in understanding how sci-

entific knowledge is produced and, in consequence, the role it is assigned in 

society. To paraphrase Shapin and Schaffer (Shapin and Schaffer 1989 [1985]: 

23), if scientific knowledge is regarded as matters of fact, as passively mir-

rored from natural reality, it will be assigned a different role in society than if 

it is regarded as actively made by scientists.

Machines in Laboratory Research

In the laboratories I visited, machines were an integral part of work practices, 

and thus examining the staff’s concepts of humans and machines as well as 
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the relationships between them was important for understanding laboratory 

practices. Machines have been described as important in other laboratories, 

as well.  Some laboratory studies  have noted natural scientists’  affinities  to 

their  machines and instruments,  reporting for example  that scientists  may 

blur boundaries between humans and machines by speaking about machine 

parts in terms of  body  parts or  about  humans as components  (Gusterson 

1996: 121ff). 

Knorr-Cetina  contrasts  machines  and  organisms  (Knorr-Cetina  1999: 

chapters 5 and 6). One aspect of the different cultures of particle physics and 

molecular  biology,  according  to  her,  is  the  molecular  biologists’  striving  to 

transform  organisms  into  machines  by  making  biological  processes  pre-

dictable and as easy to control as the push of a button on a machine. This is 

done by decoding and subsequently altering genes. Physicists, on the other 

hand, dependent as they are on machinery to make the infinitely small parti-

cles they study visible,  turn their  machines into organisms by ascribing to 

them qualities like “sick,” “dead,” or “alive” (Knorr-Cetina 1999: 117) which 

normally apply to living beings only.5

Knorr-Cetina  implies  an  underlying  dichotomy  of  machine/organism. 

These two are perceived as mutually exclusive categories, but still, in both her 

and others’ material, scientists blur the borders between them by transferring 

qualities  from  one  category  to  the  other:  Organisms  become  predictable, 

whereas machines get sick; bacteria and mice are altered to make individuals 

of one strain exactly alike (see Fujimura 1996: 7ff for another example), while 

laboratory equipment is individually tailored to each laboratory’s (or perhaps 

even scientist’s) needs. 

There are studies that discuss how scientists describe their machines, how 

they talk about them, and which relationships this talk suggests (Gusterson 

1996: chapter 5; Knorr-Cetina 1999: chapters 5 and 6; Traweek 1988: chapter 

2), but none of them link the way scientists speak about and relate to their 

machines to laboratory practices or practices of producing knowledge. 

Still, these studies will add depth to my material, helping to see it from dif-

ferent angles and within different contexts. 

5 One is left wondering whether the biologists ascribe their machines similar quali-
ties, as machines are used quite a lot in molecular biology as well, a use which she 
does not discuss. 
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1 INTRODUCTION

Aims of this Study

This dissertation is a study of five particular laboratories at a particular time. 

Consequently, it will describe and analyze laboratory practices of making data 

in these particular laboratories at the time I conducted fieldwork there. It will 

focus on how samples were transformed into valid data, discussing both labo-

ratory  practices  of  making  data and how humans and machines  were  as-

signed certain roles in these practices. 

This study is based on two months’ ethnographic fieldwork, including both 

observations and informal as well as six formal interviews. I followed the labo-

ratory staff in their everyday work, both in the laboratory and, to a lesser ex-

tent,  in  the office,  watching them work, listening  to their  discussions,  and 

asking questions when possible, especially during breaks. The formal inter-

views were mostly with laboratory leaders, whom I did not meet very often in 

their everyday work, but also with Swegene’s chairman, as well as a doctoral 

student. As I assured my informants anonymity, the laboratories will not be 

named here, neither will the people I interviewed or whose work I observed. 

Three  of  the  laboratories  were  technology  platforms;  two  were  research 

groups. In all of them, samples were analyzed. In the research groups this was 

a part of doing experiments, at the technology platforms it was the main focus 

of work, as the technology platforms were established in order to make spe-

cialized analyses available to the research community. 

I will illuminate the laboratory practices that were involved in the transfor-

mation of samples into valid data. I will argue that data was made through 

laboratory practices, in the interaction of laboratory staff and machines. 

I will also attempt to analyze both the way the laboratory staff spoke about 

their machines and, by extension, themselves, that is, their concepts of hu-

mans and machines, and how these concepts fitted into and shaped laborato-

ry practices of making data. 

The  questions  this  study  will  address  are:  How did  the  laboratory staff 

make valid data? More precisely, which cultural concepts and practices trans-

formed samples not only into data, but into valid data? Which roles were ma-

chines assigned in this transformation? How was this assignation achieved 

and on which notions was it based? 

I will investigate these questions from a cultural perspective, making use of 

earlier studies of both laboratory practices and of machines in laboratory re-

search. Further analytical tools will be introduced and discussed in the chap-
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ters where they will be used. 

This study is divided into thematic parts. This part,  Studying Laboratory 

Practices, will continue with a description of the methodological tools I used 

for collecting and analyzing the material for this study.

In Part II, Analyzing Samples in the Context of a Research Community, I will 

describe  the laboratories  I  visited as parts of  a larger  research community 

with norms and ideals of what good science is. I will also describe some of the 

most common laboratory processes I observed. The descriptions are based on 

both observations and the laboratory staff’s explanations to me. In some cas-

es, I completed this material with information from the laboratories’ websites, 

often  information  addressed  to  customers  or  potential  customers  or  col-

laborators. Many of the processes I will describe were performed at several of 

the laboratories. 

Using these descriptions as a base, in Part III, Making Valid Data, I will dis-

cuss laboratory practices of making valid data. In order for data to be valuable 

and usable, it has to be valid, and I will argue that two central aspects of valid 

data were certainty and objectivity. Making data can be seen as a two-step 

process;  first,  samples  are  transformed into  raw data,  such as instrument 

readings, then these raw data are turned into data by interpreting them. I will 

argue that the laboratory staff was mainly occupied with creating certainty 

from uncertainty when making raw data, whereas the major concern in sub-

sequently  turning  the  raw data into  data was making  objective  interpreta-

tions. In both practices, machines were important tools for decreasing uncer-

tainty and eliminating subjectivity.

In Part IV,  Humans and Machines, I will discuss why machines could be 

used in this way and how they fitted into laboratory practices. I will examine 

concepts of people and machines in the laboratories and how they related to 

concepts of objectivity and subjectivity as well as reproducibility and validity. I 

will  show that,  apart from categories  of  humanness and machineness  that 

were placed in opposition to each other in terms of what was called “the hu-

man factor,”  there  were two different  kinds of machines,  namely ideal  ma-

chines  or  machines  in  general  and real  machines,  those  that  occasionally 

malfunctioned without discernible reason and were classified as almost per-

sons. 

I will argue that these concepts of humans and machines shaped not only 

the relationships between them but, together with concepts of good science 

and valid data, also shaped work practices in the laboratory and the data that 
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was produced through them, at the same time as the categories were shaped 

by cultural practices. 
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2 Methodological Tools

“[I]f you want to understand what a science is, you 
should look in the first instance not at its theories 
or its findings, and certainly not at what its apolo-
gists say about it; you should look at what the prac-
titioners of it do” (Geertz 1973a: 5).

In this study,  I look at scientific  laboratory practices  as cultural  practices, 

that is, as an intertwining of manual and mental activity whose practitioners 

derive  and create  meaning  by  doing  things  in  a  certain  way.  As  a  conse-

quence, I had to work inductively, letting the material generate questions and 

themes rather than going to the laboratories with precise research questions 

and hypotheses in mind. The question I did have when first spending time in 

one of the laboratories was a rather open one. I wanted to understand the 

world of laboratory research and practices of producing knowledge from the 

practitioners’ point of view. 

The specific configurations of the five laboratories I visited were decisive for 

how I could go about conducting the fieldwork for this story. Accordingly, I 

will describe some of these configurations before I discuss the methodological 

tools I used to study laboratory practices as a meaningful activity. 

Laboratory Spaces

All  laboratories had distinct spatial divisions between laboratory and office. 

The laboratory spaces were often several and ideally adjacent rooms with dif-

ferent spaces assigned to different tasks; those that disposed of more space 

had separate rooms for certain tasks. In one laboratory, there was a room that 

was kept very clean for tasks and samples that were sensitive to contamina-

tion. In the other rooms, cleanliness was not handled as rigidly. In another 

laboratory, machines and equipment for certain tasks were clustered together 

by task in their own rooms, apparently both for convenience and in order to 
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keep toxic substances that were used in those tasks in one place instead of 

spreading them all over the laboratory. Apart from that, in many laboratories 

most of the larger, noisier  machines were kept in a separate, usually both 

noisy and hot, room to keep the sound level in the main laboratories down. 

Clustered in one or a few of these rooms, every laboratory member had a 

work bench of her own, usually not more than about a meter wide. Working in 

the laboratory meant sharing tight spaces; apart from individual work bench-

es, sinks, fume cupboards, spaces that housed machines, overhead closets 

and shelves for reagents, files and reference books, there were equipment and 

supplies cupboards as well as refrigerators and freezers for storing samples 

and more sensitive reagents. Hallways often were lined with more refrigera-

tors, freezers, and cupboards. In addition to the quite domestic-looking com-

bined fridges and freezers, there were freezers for long-time storage at - 80° C, 

equipped with alarms that went off when the temperature rose above a certain 

level.6 

Apart from the ubiquitous lack of space, laboratory rooms sometimes were 

uncomfortable because they were adapted to the needs of machines or prepa-

ration processes rather than those of people. For example, most laboratories 

had a cold room where things were stored and tasks that required a low tem-

perature were done. In one of the laboratories, two adjacent rooms were kept 

at a certain temperature and humidity, because they were ideal working con-

ditions for some of the machines housed there. Many of the staff felt  these 

rooms to be too cold for working at the computer connected to one of the ma-

chines there, despite bringing extra sweaters and hot tea. 

Offices, quite often shared between several persons, were separate rooms, 

often across the hall from the laboratories, sometimes even in different corri-

dors. Everyone on the staff had their own desk and computer.

Laboratory Staff 

There were more employees in the laboratories than the people I followed in 

their work. All laboratories had their floors cleaned and trash emptied, often 

but not always by rather invisible personnel.7 In some, there was a janitor 

6 There was a list taped to every freezer, ordered by who lived closest to the laborato-
ry, telling the university’s security staff whom to call in case of the alarm going off 
at night. As far as I know, this happened very rarely.

7 In one of the laboratories there seemed to be quite a lot of communication with the 
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who, among other things, performed small repairs and in other ways saw to it 

that laboratory work could flow more smoothly. Some laboratories shared ad-

ministrative staff with other laboratories or university departments, co-ordi-

nating services as ordering supplies with them. Several laboratories employed 

or shared with other departments at the university someone to wash and au-

toclave “the dishes,” that is, glass bottles and beakers and other laboratory 

implements. In short, there were a number of people who made laboratory 

work possible. While I do not wish to proclaim laboratory work more impor-

tant or loftier than the work associated with it, I do think that when trying to 

understand the making of data it  is more fruitful  to study laboratory work 

than the work around it. 

There were different categories of staff doing laboratory work, as well, occu-

pied with different aspects of each laboratory’s specialization. All of the labo-

ratories I visited were headed by professors. While they were responsible for 

their laboratories and the services or research that were performed there, they 

themselves did not do hands-on laboratory work. As one laboratory leader de-

scribed it, there simply was no time for that:

“[T]here is a sort of turning point when you’re about forty [laughs], don’t 
have the time anymore, at least if it’s gone well, so that you’ve sort of been 
able to build up a group. So now it would be sort of impossible to do labo-
ratory work again, I think. Of course, if I had all the time in the world, I 
guess I could learn it again, so to speak, but – [laughs].”

Instead, professors were involved in university committees, applied for fund-

ing, supervised and advised doctoral and postdoctoral students, organized or 

went to conferences in order to present the group’s work, and made the labo-

ratory run smoothly. They were part of the laboratory work in a more indirect 

way.

The staff  whose work I followed consisted mostly  of  research engineers, 

doctoral and postdoctoral students and a few laboratory technicians. 

The research engineers and laboratory technicians usually were employed 

by technology platforms in order to work with machines or preparation pro-

cesses, specializing in one or a few parts of the analyses that the technology 

platforms were performing. In the laboratories I visited, there were very few 

laboratory technicians; from what I saw, they tended to be slightly less spe-

cleaning person. The staff mentioned several times how the trash was to be sorted 
into different boxes so as not to endanger or distress the person emptying them. 
Apparently, she was concerned about cutting or pricking herself with sharp objects 
that might have been in contact with toxic substances, and the laboratory staff 
showed their consideration by sorting the trash according to agreement. 
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cialized and do slightly more auxiliary work in the laboratory. The research 

engineers, on the other hand, tended to be more outward oriented, towards 

customer services. 

The doctoral  and postdoctoral  students  worked on their  projects,  which 

usually combined several methods. Consequently, they were less familiar with 

machines and preparation processes than the research engineers, as they did 

not specialize as much. The main difference between the doctoral and post-

doctoral students was that postdoctoral students, having completed their dis-

sertations, had acquired more laboratory experience and expertise than doc-

toral students and, accordingly, were asked for advice more often. However, as 

the point of the postdoctoral period is to learn new methods and work with 

new types of problems – which is why postdoctoral students move to different 

laboratories, often abroad – postdoctoral students were as unfamiliar with the 

particular laboratory’s specialization as the doctoral students. Coming to the 

laboratory where she was spending her postdoctoral period, one postdoctoral 

student explained to me, was “like starting all over again,” having to learn new 

processes as well as whom to turn to for help and advice, laboratory routines, 

and the locations of chemicals and implements.

Apart from the regular staff, at one of the technology platforms visiting re-

searchers came to the laboratory in order first to learn how to use the technol-

ogy platform’s technology and then to analyze their samples. Another labora-

tory occasionally  employed  students  who did their  examination projects  or 

were hired as temporary help for doing certain projects during the summer. 

Their stays were comparatively short and they received quite a lot of help get-

ting started and writing their reports. Some of them might continue for their 

doctorate after their examination projects, which in this way could be a sort of 

trial period.

In a study of laboratory technicians, Barley and Bechky describe the divi-

sion of labor in science laboratories as centered upon a division between what 

they call the material and symbolic realms. Technicians, they argue, mediate 

between these realms by, on the one hand, translating physical phenomena 

into information and, on the other hand, using theories and information from 

the symbolic realm in order to take care of physical entities like machines. 

Their work, Barley and Bechky point out, generates the input for others’, often 

scientists’, work; work that is situated entirely in the symbolic realm. It could 

be assumed that this division of labor engenders a low status for the techni-

cians, but, as Barley and Bechky explain, the technicians’ expertise and skills 
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as well as their importance for the work process produce a rather ambiguous 

status (Barley and Bechky 1994: 89ff).

The division of labor I observed in the laboratories I visited was far from as 

clear. However, it seems that someone pursuing an academic career tended to 

move towards the symbolic realm, having less and less time to do laboratory 

work. Those at the beginning of their careers as well as laboratory technicians 

and research engineers did more of the work that mediated between the mate-

rial  and the symbolic.  These  differences  might  well  affect  relationships be-

tween  the different  staff  categories  and between  members,  differences  that 

would have been difficult to see without Barley and Bechky’s differentiation. 

As the technology platforms I visited were quite newly started, most of the 

staff  had been  working there  for  roughly  the same time,  being part of  the 

starting period. I think this affected relationships between the staff members; 

I expect that in the long run the research engineers and laboratory techni-

cians will bring continuity to the technology platforms, being experts of their 

machines and of preparation processes, while doctoral and postdoctoral stu-

dents will be the ones who change comparatively often. 

As it was while I was there, the research engineers and laboratory techni-

cians had already spent quite a lot of time acquainting themselves and “play-

ing around” with the machines or preparation processes they were in charge 

of (usually they were employed because they had at least comparable experi-

ence). Consequently, they were the ones to be asked for advice and they were 

the ones who taught others how to perform these preparation processes or 

use these machines. As the doctoral  and postdoctoral  students focused on 

their projects, they tended to be less familiar with the machines and prepara-

tion processes. They were taught their use by the appropriately specialized re-

search engineers and frequently asked them for help and advice. 

The visiting researchers who came to one of the technology platforms in or-

der to analyze their samples were even less familiar with the different compo-

nents of the analysis. As with the doctoral and postdoctoral students, the re-

search engineers taught them, according to their specializations. 

It is safe to assume that differences in for example seniority and education 

among the laboratory staff as well as the division of labor might lead to differ-

ences in status and affect work relationships. A rather explicit sign of status I 

observed in the laboratories was experience. Experienced staff members were 

frequently asked for advice, and their experience was spoken about with ad-

miration. In a way, the acquisition of experience is connected to seniority. A 
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postdoctoral student has had more time and chances to acquire experience 

than a new doctoral student, and a full professor has had even more. There is 

also an individual aspect to it, as experience has to be gained actively and 

does not automatically come with time. This gaining is not rigidly tied to edu-

cational level, though. Usually, it is the research engineers, who are not on a 

career path that aims at an eventual professorship, who are regarded as the 

most experienced in the laboratory’s specialization. 

There  are  more factors  to  status  than that,  and less  explicit  ones.  The 

heads of the laboratories clearly held high status, in part apparently for the 

work they had done in the past. As the scientific community measures suc-

cess by the number of published articles and the status of the journals they 

were published in (see Woolgar and Latour 1986 [1979]: chapter 5), this mea-

surement might also infer status in the laboratory and might establish a dif-

ference in status between doctoral and postdoctoral students who produce ar-

ticles for publication on the one hand and research engineers and laboratory 

technicians who do not on the other hand. However, as those of the laborato-

ries I visited that employed both were quite new and only recently had begun 

to prepare articles for publication, there had not been enough time for such a 

– imaginable – difference in status to show. 

In this way, the laboratory staff consisted of rather different categories of 

people, although they worked with very similar, often the same, tasks. While 

there certainly were differences in the work professors (and thus laboratory 

leaders),  research  assistants,  research  technicians,  doctoral  students,  and 

temporarily employed students did, these differences were not what I was in-

terested in. Neither was I interested in studying hierarchies in the laboratory. 

My focus both during fieldwork and analysis was on the creation of meaning 

in laboratory practices of making valid data, and thus on a collective process 

that included the different categories of staff. 

I assured the staff anonymity, and in order to protect that anonymity I will 

differentiate between them only where necessary. Differentiating would make 

it easier to identify individual staff members as having said or done some-

thing, as there usually were few staff members of the same category in each 

laboratory.
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Instruments and Machines 

Machines and instruments were very much a part of everyday work in the lab-

oratories.  They  ranged  from small,  rather  uncomplicated  devices,  such  as 

electrical scales, centrifuges and vortexes8 to computers to large and complex 

instruments such as pipetting robots9 or mass spectrometers10 interfaced with 

computers. The main focus of this study will be on the complex instruments, 

usually simply called “the machine” by their operators and users. 

While not every machine is an instrument nor every instrument a machine, 

the two categories overlapped in the laboratories I visited. “Machine” usually 

denotes a device built in order to perform a certain task, that is, the concept 

of machine draws attention to an assemblage of parts that works more or less 

by itself. The main feature of an instrument is that it is a means to an end, in 

other words, it is its function that is emphasized. In this way, a machine can 

very well be an instrument – and those in the laboratories were – whereas an 

instrument not necessarily has to be a machine. 

In this study, I will  speak of machines when focusing on a device’s ma-

chine qualities, that is, when emphasis lies on its ability to work by itself or 

when it is seen in contrast or comparison to human beings. I will speak of in-

struments when emphasis lies on how a machine is used as an instrument, 

especially as an instrument that gives access to the otherwise invisible. 

The machines used in the laboratories were very different. Most of the lab-

oratories used similar, relatively simple, machines like centrifuges in various 

sizes; but according to the laboratory’s specialization, this base of machines 

was complemented with more specialized ones like PCR machines for replicat-

ing DNA. Apart from that, the technology platforms had highly specialized in-

struments for analysis.

Most of the specialized equipment made available at the technology plat-

forms I visited were machines and instruments aimed at high throughput. At 

some of these laboratories, there were robots for routine tasks, for example 

pipetting, and there were instruments designed to analyze many samples si-

multaneously. Some technology platforms explicitly aimed for high through-

put, because high throughput meant lower prices per sample and faster ser-

8 A small machine with a rapidly vibrating plate onto which test tubes are pressed in 
order to mix the contents. 

9 As its name suggests, a pipetting robot is used for pipetting. These robots have 
multiple pipettes and can thus pipette large numbers of samples in a short time 
compared to the time it would take a staff member to do this by hand. 

10 An instrument for measuring molecular weights. 
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vice, which would make them more attractive for customers. 

Equipment aimed at high throughput also supports certain kinds of re-

search more than others. With access to high volume analysis,  it  becomes 

easier to do large scale research, that is, research that generates a lot of sam-

ples that have to be compared. It becomes possible, for instance, to compare 

large numbers of clinical samples for statistical analysis. 

Ethnography of Scientific Practice

In order to study how the laboratory staff created meaning in and through 

their work, I chose ethnography for a methodological tool. I made this choice 

not only because it allowed me to study laboratory work as cultural practice, 

but also because it made it possible or, rather, compulsory to emphasize a fo-

cus on the laboratory staff’s understandings of their work.

Ethnography is a method, or rather a conglomerate of methods, that has 

been developed within anthropology in order to study other cultures. As an-

thropologist James Spradley characterizes it, ethnography “is the work of de-

scribing a culture. The essential core of this activity aims to understand an-

other way of life from the native point of view” (Spradley 1979: 3). 

In this way, ethnography is not only about understanding and describing 

culture, but its cornerstone is its insistence on suspending one’s own point of 

view and trying to understand other cultures from an inside point of view. In 

the words of Bronislaw Malinowski, who is usually credited with, if not invent-

ing  modern ethnography,  then  at least  with  first  describing  it  (Malinowski 

1987 [1922]: Introduction), the goal of ethnographic fieldwork is “to grasp the 

native’s point of view, his relation to life, to realize his vision of his world” (Ma-

linowski 1987 [1922]: 25; italics in original). In other words, ethnography is 

about understanding how people create meaning and, consequently, how they 

order the world and how they perceive it.

As both Spradley’s and Malinowski’s use of the term “native” suggests, tra-

ditionally ethnography has been a method reserved for studying the Other, 

that is, the unfamiliar and unknown, typically represented by “geographically 

distant cultures” (Okely 1996: 1), and therefore it might seem a strange notion 

to use ethnographic methods to study scientific practice. After all, I belonged 

in many ways to the same culture or at least society as the scientists I stud-
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ied, and thus five laboratories in Sweden do not self-evidently constitute the 

Other or, in other words, an ethnographic field. 

However, the distinction between the familiar and the unfamiliar does not 

necessarily correlate with physical distance or boundaries between nations. It 

is quite possible to conduct ethnographic studies “at home,” that is, in one’s 

own society; it is not the field’s physical location that is important, but its un-

familiarity. 

Anthropologist George E. Marcus emphasizes the importance of unfamil-

iarity over location in fieldwork:

“Estrangement or defamiliarization remains the distinctive trigger of ethno-
graphic work, giving it the sense that there is something to be figured out 
or discovered by fieldwork. What provides this estrangement now is not so 
much  the  literal  crossing  of  cultural  boundaries  and  the  entering  of 
strange spaces ... as the determined effort to refuse the couching of one’s 
work at its very beginning – in its very conception – in naturalized, com-
monsense categories that is so easy to do otherwise” (Marcus 1998: 16). 

According  to  Marcus,  ethnographic  fieldwork  is  as  much  a  mindset  as  a 

method, an approach that looks for explanations and understandings in the 

common-sense and apparently obvious. In other words, the familiar can be 

made unfamiliar by questioning and seeking to explain what seems self-evi-

dent. Ethnography at home can bring new insights by questioning categories 

and “stubbornly [denying] the obviousness of the obvious” (Bate 1997: 1153). 

The laboratories I studied held both familiar and unfamiliar elements. I did 

not have to learn a new language, neither was I completely unfamiliar with 

the academic world in Sweden, the concept of scientific research, or the ba-

sics of biology and chemistry. On the other hand, I did not know very much 

about laboratory research before I began fieldwork. 

One  way  of  questioning  the  obvious  was  to  draw  on  what  I  knew  (or 

thought I knew) about biology and chemistry as little as possible. The advan-

tage of this defamiliarization was, firstly, trying to avoid the misunderstand-

ings stemming from presupposing that my understanding of biological  pro-

cesses was the same as the staff’s. Secondly, my intent was to replace my un-

derstandings with what I learned from the staff, trying to learn to see the labo-

ratories from their point of view rather than mine. 
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Multi-sited and Translocal Ethnographies

Traditional ethnographic fieldwork is seen as rooted in one geographical place, 

and the ideal of ethnography is strongly influenced by this (see Clifford 1997: 

55). However, not even the most classical example of ethnographic fieldwork, 

Bronislaw Malinowski’s study of  kula exchange in Melanesia, a complicated 

system of ceremonial  trading (Malinowski 1987 [1922]),  is strictly rooted in 

one place, as Marcus points out (Marcus 1995: 106). Based in a Melanesian 

village, Malinowski followed the villagers as they conducted transactions with 

other villages. 

More recently, there has been a debate on so-called multilocal or multi-sit-

ed ethnography, that is, ethnography that defines several locations as its field. 

Marcus argues in a paper that has come to be regarded as influential in this 

debate that “the adaptation of long-standing modes of ethnographic practices 

to more complex objects of study” means that a methodology for ethnography 

in multiple sites has to be developed (Marcus 1995: 95). He enumerates sever-

al techniques of doing multi-sited ethnography, for example following people, 

things, stories, or biographies, giving migration studies as the perhaps most 

common  example  of  multi-sited  ethnography  that  follows  people  (Marcus 

1995: 106ff). 

A group of anthropologists at Stockholm university criticize the terms mul-

ti-sited and multilocal; they suggest to use the term “translocal” instead, as it 

denotes connections and interactions between the places. The term multilocal 

fieldwork,  they  point  out,  does  not  include  any  relationships  between  the 

places, nor does it presuppose a common context (Dahlén et al. 1996: 5). Re-

search by members of the Stockholm group encompasses fields as diverse as 

the world of ballet, neo-shamanism, immigrants (see the anthology edited by 

Hannerz  2001),  solar  energy  in  Sweden  (Henning  2000),  the  international 

computer corporation Apple (Garsten 1994), and foreign correspondents (Han-

nerz 2004). All their studies have in common that the field is not located in 

one place; in order to understand the world of Apple, foreign correspondents, 

or neo-shamans, the anthropologists moved through several locations, some-

times with their informants and sometimes from one group of informants to 

another. 

This group describes these places as part of a “network” (Garsten 1994: 43; 

Hannerz 2001: 21), arguing that although they are in different geographical 

locations, they are part of and connected to something larger. Individual ballet 
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companies are part of an international (or, as Hannerz puts it, transnational) 

world of ballet, branch offices are part of the Apple organization, and a confer-

ence is a temporary meeting place for members of a research community.

While I would not describe the laboratories I visited as nodes of a network, 

they certainly were part of a larger research community, at least in a rather 

loose sense. For one, they all did research that was in some way related to ge-

netics; secondly, the academic world in Sweden is not very big, and people in 

the same field tend to know each other personally; and most of all, the labora-

tories were associated to the same two organizations, Swegene and Wallen-

berg Consortium North, or used one of their technology platforms. Even if the 

staff in one laboratory did not know the staff of the others very well, most of 

them probably had heard about the other groups and knew roughly what they 

worked with, as I concluded from off-hand remarks. Having promised the staff 

in all the laboratories anonymity, I could not very well discuss one group with 

members of another. Apart from that, the aim of this study is not to map rela-

tionships between groups but to analyze laboratory practices. 

All  of  the  laboratory  leaders  I  interviewed  placed  themselves  and  their 

groups in an international context of genetic research, often much more so 

than in the context of the research organization to which they were connect-

ed.  While  I do not think their  international  contexts and connections were 

identical,  they probably overlapped to some degree.  One example  was that 

people in the laboratories read the same scientific journals and tried to get 

their papers published in them. The different places were connected and thus 

part of the same field; to use Hannerz’s term, the same translocal field. 

These  connections  between  the  laboratories  were  rather  loose,  however, 

which is why I would not describe them as part of a network. Even though 

part of roughly the same research community, the different laboratories were 

concerned with rather different aspects of genetic research. While they for ex-

ample were reading and in some cases aiming to write for the same journals, 

these were journals such as  Nature or  Science, which are quite widely read 

within  the  natural  sciences  and comprise  several  disciplines  and subdisci-

plines. As they belonged to different subgroups of the same research commu-

nity, the staff in the different laboratories were interested in different parts of 

the journals. They were less closely connected in terms of contact as for in-

stance  the  different  places  within  the  Apple  organization  that  Garsten  de-

scribes (Garsten 1994). 

Notwithstanding  that  loose  personal  connection,  the  laboratories  were 
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rather  similar  in  terms  of  the  creation  of  meaning  and of  work  practices. 

These were similarities that I think stemmed from common roots in the natu-

ral sciences research community. 

The reason for choosing several laboratories as locations for my study was 

concern for perspective. As I was interested in quite a narrow part of laborato-

ry life, I felt it would be a good idea to broaden the field in order to obtain as 

nuanced and differentiated a picture as possible. By moving between different 

laboratories, I also could contrast the increasing familiarity with one laborato-

ry with the unfamiliarity of another while still being in the same field, a way of 

applying  ethnography’s  holistic  approach  to  a  rather  fragmented  field.  In 

choosing five very different laboratories – one a rather small, one a quite big 

and one a medium-sized technology platform as well as two research laborato-

ries working on different kinds of problems – I thought I would be able to see 

different aspects of laboratory work emerge from observations at every labora-

tory. Additionally, I saw a danger not only in my growing familiarity with one 

laboratory, but also in my unfamiliarity with laboratories in general; there was 

the risk of taking local idiosyncrasies of the laboratory where I happened to 

conduct  my study for the way things were  done everywhere  in genetic  re-

search. 

I certainly did not regret this decision. While there were many aspects of 

work that were quite similar at the different laboratories, there were also as-

pects that were quite typical for each laboratory, linked to both the laborato-

ry’s purpose, its social constellation and its situation. With data from only one 

laboratory to draw from, I could never have hoped to tell these aspects apart. 

The size of the group also influenced work. With only one other person to 

communicate  with,  the  laboratory  where  only  two  people  worked  at  their 

benches was quieter than the one shared by six  doctoral  and postdoctoral 

students. Had I only spent time in the smaller one, I would probably have 

thought that laboratory work was a very quiet affair. Instead, there were quiet 

laboratories and not-so-quiet ones with radios or music playing constantly, 

the choice of which was continuously negotiated between different staff mem-

bers’ preferences. 

While I certainly do not claim to be able to speak for all laboratory research 

or even all genetic research, fieldwork in several laboratories had the advan-

tage  of  being  able  to  compare  laboratory  practices,  seeing  differences  and 

similarities, and thus making a certain degree of cautious generalization pos-

sible. Fieldwork in only one laboratory would have made it possible only to 
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speak of one place, but material from several different laboratories made it 

possible to see more general features. 

Participant Observation

“Most difficult, in fact irresolvable, is the dilemma 
of being at once participant and observer, of being 
both inside and outside, engaged and yet detached” 
(Peacock 2001 [1986]: 74).

The core method of ethnography is so-called participant observation. The typi-

cal way to study a culture ethnographically is for a researcher to move to the 

field, live there, and participate in local everyday life as much as possible. In a 

parallel process to the socialization one has undergone as a child, acquiring 

the abilities and learning the rules that are necessary for being a member of 

society, the fieldworker is regarded as undergoing another socialization or en-

culturation, learning how to be a member of the studied culture. 

Even though the term participant observation suggests that participation 

is an important aspect, full participation and essentially becoming a member 

of the group one is studying is neither the aim nor desirable. What demar-

cates the participant observer from participant are, above all, the purpose and 

awareness of observing, of systematic studying, and the keeping of records to 

that end (Spradley 1980: 53ff). 

Ethnography, whose core is participant observation, can be likened to a 

translation: the cultural phenomena that are studied are translated so that 

outsiders can understand it. In order to do this, the ethnographer has to bal-

ance between an inside and an outside perspective, usually referred to as an 

emic versus an  etic point of view, which is the dilemma Peacock describes 

(Peacock 2001 [1986]: 74). Too much of an outside perspective means that the 

researcher cannot understand the culture she studies on its own terms and 

cannot grasp its inner logic, but too much of an inside perspective means that 

she will be unable to translate it, as she will not be able to see anything that 

requires a translation or explanation. In other words, ethnographic fieldwork 

navigates between the exotic on the one hand and the banal on the other, a 

position that has also been called that of  the “professional  stranger”  (Agar 

1996 [1980]), “marginal native” or “detached participant” (Bate 1997: 1151). 
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All of these terms hint at a conflict between participation and observation: 

full participation would require becoming a full member of the studied group, 

which would provide a true inside perspective but make an outside perspec-

tive, that is, the observation part of participant observation, impossible. Apart 

from perspective, full participation requires the participant’s complete atten-

tion, making it difficult to observe oneself or others.11 

In a laboratory environment, full participation requires training in both the 

natural sciences and in performing laboratory tasks which the laboratory staff 

acquired in years of education and work experience and which I clearly could 

not acquire within the time frame of my PhD project. Trying to acquire at least 

some of these skills by participating in laboratory work would at the very least 

create a tremendous amount of additional work for the staff. My trying to par-

ticipate in more than the most marginal ways like opening doors, holding or 

carrying things, or shutting off bleeping timers (all of which I did on occasion) 

would have created more work for my informants, as well as endangered their 

results. I do not think it would have been appreciated. 

However, the point of participant observation is not to become a member of 

a different culture, in this case a molecular biologist, but to learn about that 

culture from an inside point of view. Marginal participation can be quite a 

good way of gaining that perspective. As anthropologists Wax and Wax point 

out, 

“Fieldwork is often spoken about as ‘participant observation.’ The partici-
pation is significant, not because the fieldworker becomes identical with 
the host people, but because participation – especially in ceremonial con-
texts – is a visible and voluntary gesture of commitment – not to an ideo-
logical conception of equality or identity – but to the acceptance of social 
parity with its consequent obligations” (Wax and Wax 1980: 30).

In other words, opening doors and shutting off timers will not make a visiting 

social scientist a molecular biologist, but it is a way of accepting and partici-

pating in at least part of the social relationships in the laboratory. Apart from 

that,  it  is  not  exactly  good  manners  to  simply  watch  someone  with  her12 

hands full struggle to open a door. 

Though I cannot claim that my very marginal participation made me a fully 

participant observer,  I modified participant observation to meet  the  study’s 

needs and conditions, ending up with an adaptation that was more observa-

11 There  are examples of  ethnography ‘from the inside,’  however,  see Okely  1996, 
chapters 7 and 8. 

12 As the majority of the laboratory staff I met were women, I will use the feminine 
pronoun throughout the study. 
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tion than participation. Marginal participation became a way to balance on 

the edge between the emic and the etic, or the inside and the outside.

During my visits at the laboratories, I followed the staff – laboratory techni-

cians,  project  students,  doctoral  students,  postdoctoral  students,  and  re-

search engineers – in their daily work. I watched them doing their work and 

talked with them when it fitted into their work rhythm, for example while they 

waited for a machine to finish its task, when we were walking from one part of 

the laboratory to another, when they did routine tasks that allowed them to 

explain what they were doing at the same time, or on coffee or lunch breaks.

As mentioned before, these people did not make up all of the staff. Obvi-

ously, there had to be someone to head the laboratory, some laboratories em-

ployed computer technicians and analysts,  others janitors, and all  of  them 

had their floor spaces cleaned. I followed none of these people, even though I 

met most of them. What I should say is that I followed those staff members 

that were immediately involved in laboratory experiments and analyses. The 

reason for focusing on these staff members is probably that I let myself be in-

fluenced by how people I met in the field regarded their work: I did follow all of 

the staff who were involved in what seemed to be regarded as real laboratory 

work. Consequently, my focus also was more on what went on in laboratories 

than on what went on in offices. 

There was a practical reason behind this decision, as well: in most of the 

laboratories, office work meant that people were focusing on their computer 

screens, intently reading or writing. In office work, there were no little breaks 

or routine tasks that left them free to talk to me. 

At  one  technology  platform,  however,  the  office  was  where  discussions 

around samples and customers took place, opened by quite informal ques-

tions like ‘what are we going to do about...’ or ‘what happened to...’ In this 

place, I tried to spend time in the office, as well, which was met with surprise, 

as they said that office work was “pretty boring” to watch and that it could not 

possibly be interesting for me to sit and watch them stare at their computers. 

Meetings,  both formal  and informal,  and seminars were  another  part of 

work I followed. Most laboratories had weekly meetings where general things 

like practicalities of work, changes in procedures, or outings were discussed. 

In almost all of the laboratories, there was a weekly seminar called the “jour-

nal club” or something similar, when laboratory members would take turns in 

presenting a current article from a renowned journal, and the article was then 

discussed. These journal clubs served the double purpose of keeping up with 
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the field and of teaching especially the doctoral students to be critical of both 

others’ work and their own. 

As I became more familiar with the laboratory and its everyday procedures, 

I could ask more questions, turning quite a lot of the time earlier spent ob-

serving into informal interviews. These interviews were typically rather short, 

as  they  had  to  be  squeezed  into  work  pauses,  and  they  usually  revolved 

around why people were doing things in a certain way and how they could be 

certain of knowing something. My focus shifted from merely watching to lis-

tening, asking questions or trying to start discussions.

Apart from the laboratory, coffee rooms turned out to be good places to ask 

questions and listen to discussions. People would discuss problems, results, 

or new articles over lunch or coffee, ask each other what they were working on 

and how it was going, and tell each other and me laboratory stories, mostly 

atrocity stories about things that had gone wrong. One person’s atrocity story 

would trigger another, even worse, story, and soon the whole group would try 

to outdo each other. Much like myths, these stories were both entertaining 

(for those who understood the cultural codes) and educational, and I, along 

with everyone else, learned quite a lot about what was important in the labo-

ratory. During breaks, staff members would sometimes fill me in on the back-

ground of things they had shown me or told me about earlier. Breaks were not 

only dedicated to talking about work; like in any workplace, people discussed 

things like soccer championships, weekend plans, and TV shows. 

After spending a day at the laboratory, usually from about eight or nine o’-

clock in the morning to about five or six in the afternoon, I went to wherever I 

was staying and wrote fieldnotes, as detailed as I could make them. These 

fieldnotes were shaped by a focus that changed quite significantly with time. 

I began with a very wide focus, making what sometimes is called “descrip-

tive observations” (Spradley 1980: 128). In his discussion of participant obser-

vation, Spradley compares this phase to the rim of a funnel in which the re-

searcher wants “to catch everything that goes on” (Spradley 1980: 128). Ac-

cording to him, this phase of the fieldwork lays the groundwork for a later 

narrowing of focus, and, being the foundation of ethnography, it is never com-

pletely  abandoned (Spradley  1980: 128).  The fieldnotes  I  wrote  during this 

phase of the fieldwork are mostly descriptions of the laboratories,  the staff 

and their tasks; gradually including more and more accounts of conversations 

and interviews.  They also contain a few first  tentative  analyses  and reflec-

tions.
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Just as a funnel, Spradley continues the image, the focus narrows sharply 

in the next phase. Having acquired a general understanding of the field, the 

researcher concentrates on the cultural categories that are important for cer-

tain social situations, moving from descriptive observations to what he calls 

“focused  observations”  (Spradley  1980:  128).  Having  collected  these  cate-

gories, one narrows the focus even more into “selective observations,” which 

means “going to your social situation and looking for differences among spe-

cific cultural categories” (Spradley 1980: 128), essentially aiming to differenti-

ate and understand these categories better.

I narrowed down my focus in a very similar way. From my initial wide focus 

on what it was that the staff did in the laboratories, I narrowed my focus to 

how  the  staff  achieved  the  transformation  of  samples  into  data,  and from 

there  to  their  interaction  with  and  about  machines,  both  because  these 

themes  seemed  quite  central  in  many  of  the  laboratories  and  because  I 

thought these foci would make it possible to say something new about labora-

tory research. 

In this, writing fieldnotes was not only a way of recording what I saw and 

heard, it was sometimes a way to narrow my focus. Recapitulating also fre-

quently  led to  tentative  attempts at identifying  patterns or first  interpreta-

tions. Going back to the laboratory the following day, I would try them out, 

both by testing them against new observations and by discussing my ideas 

with people in the laboratory. 

Formal Interviews 

Apart from following the staff at work and asking questions in informal inter-

views of varying length as they fitted into the work rhythm, I conducted for-

mal, tape-recorded interviews with one doctoral student in one of the research 

laboratories,  and four leaders of  different  laboratories  and technology  plat-

forms.13 These leaders did not have a lot of time to spend in the laboratory, so 

I did not meet them naturally. Usually they were quite busy, so a formal, pre-

arranged interview was the only way to get a hold of them. Together with a 

Tema T colleague, I also conducted an interview that was not tape-recorded 

with the chairman of Swegene  rather early on in the study.  This interview 

gave me a first impression of Swegene as an organization and its ambitions. 

13 Three of them headed laboratories where I stayed. 
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Everyone I asked generously made time for me and seemed pleased to share 

their thoughts.

Assuming that heading a laboratory is a sign of success in the world of ge-

netic research, I tried to learn from the laboratory leaders what qualities were 

valued  and  cultivated  (or  disapproved  of  and  suppressed)  in  genetic  re-

searchers. This I did by asking them both about their own careers and about 

how they chose their staff. Even though these parts of the interviews did not 

find their way directly into this study after all, they gave me a more nuanced 

view of the world of genetic research and the larger context of which the labo-

ratories were part, contributing to a holistic view of laboratory practices. 

I also asked laboratory leaders about when and how they could be sure of 

their  results  when doing  research,  trying to  understand how they  thought 

about the data they produced. With one of the laboratory leaders, I also talked 

about  machines.  The  interview  with  the  doctoral  student  was  a  means  of 

adding  to  my understanding  of  scientists’  careers;  we  mainly  spoke  about 

what had caused him to choose this line of work and how he was thinking 

about his professional future. 

I transcribed all  interviews after coming back from the field. The quotes 

from the interviews conducted with the laboratory leaders that appear in this 

text are taken directly from the transcriptions, edited for readability only and 

translated in the cases the interview was conducted in Swedish, which most 

of them were. As I do not attempt to analyze them on a discursive level, the 

transcriptions do not indicate pauses, neither do they include coughing, stut-

tering and the like. 

Field Relationships

Gaining access to the laboratories was not very difficult. I think the fact that I 

received funding for my project from the same foundation as the laboratories I 

visited might have played a role, either because that made me something of a 

colleague or because the heads of the laboratories felt obligated to receive me. 

While I do not know the laboratory leaders’ motivations for giving me access to 

their  laboratories,  I think this might have been one factor of  many behind 

their decision. During my visits to the laboratories, I did not have the impres-

sion it mattered very much. It was very rarely mentioned or hinted at; the only 

exception being once jokingly introduced as a “spy” who was there to check 
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whether  the  laboratory  was  working  properly.  I  have  no  way  of  knowing 

whether there were laboratory members who really felt spied upon by me and 

whether they felt that I did so by order from the foundation. If there were, they 

did not let me know. 

Another factor in gaining access to the laboratories might have been that 

all laboratories belonged to universities, and Swedish universities are expect-

ed to be open to inquiry. 

Gaining access to the field is only the first step of ethnographic fieldwork. 

The next  step is trying to establish and keep up good relationships in the 

field: In order for this kind of fieldwork to succeed, the situation one finds 

oneself in must work socially. After all, one’s study is quite dependent on in-

formants’  willingness  to  put  up  with  one’s  curiosity.  Anthropologist  Vered 

Amit describes this like this:

“One of the peculiarities of participant observation as ethnographic field-
work is the way in which the researcher and his/her personal relation-
ships serve as primary vehicles for eliciting findings and insight. There is 
surely no other form of scholarly enquiry in which relationships of intima-
cy and familiarity between researcher and subject are envisioned as a fun-
damental medium of investigation rather than as an extraneous by-prod-
uct or even an impediment” (Amit 2000: 2f).

Social relationships are based on both giving and taking, and thus one has to 

make sure that one’s informants gain something from one’s presence. This in-

cludes answering questions about oneself and one’s work, as one cannot ex-

pect others to answer innumerable questions without being prepared to an-

swer questions oneself. 

Inquiring about tasks and experiments  or asking researchers to explain 

what they were doing and which concepts lay behind it proved a good way to 

start conversations in the first few days of staying at a laboratory. As men-

tioned earlier, fieldwork depends above all on a social situation that works, 

and there is a limited range of topics that strangers usually talk about. Both 

the laboratory staff’s work and my project were rather safe, impersonal topics 

for first conversations. Later on, conversations became more relaxed.

There were staff members in the laboratories with which I spent more time 

than with others, for example because they thought the work they were doing 

while I was there should be especially interesting to me or lent itself to obser-

vation more than other tasks, or because they had more interest in (or less 

aversion to) talking to me. As with any other social situation, following some 

laboratory members worked a little  more smoothly than with others. There 
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were no key informants, however, particular people who became much more 

important than others. Instead, this study is based on a rather broad group of 

main informants, up to four or five from the same laboratory, depending on 

the laboratory’s size. 

At times, I refrained from asking questions or following people who seemed 

to be at unease with my presence (there only was one person who explicitly 

asked me not to follow her because it would make her nervous). It is well pos-

sible  that such hesitancy  was not  at all  necessary,  especially  as I  tried to 

make it very clear that I did not mean to disturb work, would go away when 

asked to and could be thrown out of the laboratory altogether at any time. 

Still, it might be difficult for individual staff members to do so when the labo-

ratory leader has expressed his support and their colleagues seem happy to 

be observed and questioned. My hesitancy came mostly from ethical consider-

ations; no one should have to take part in a study they do not wish to take 

part in. 

At least a few of the staff members seemed to appreciate having someone to 

talk to while doing routine work or waiting for machines to finish their work. 

One of them said that it was quite nice that someone was interested in their 

work. 

Many people in the laboratories took great interest in my project and want-

ed to know all about it. I was frequently asked what I had found out, usually 

starting by the second day I was there. Some of them said they found it inter-

esting to hear an outsider’s perspective on their work and were quite curious 

about what I was going to write. A postdoctoral student told me he sometimes 

wondered what others thought of what they did in the laboratory. He himself, 

he said, had been working in this kind of environment much too long to be 

able to look at it from the outside. Others were curious about how social sci-

entists work, and, after comparing notes, concluded that the social and natu-

ral sciences, after all, did not work so differently. 

Studying scientists

Studying scientists had both its advantages and disadvantages. The laborato-

ry staff and I both belonged to the academic community, even though we be-

longed to different parts of it, and we shared a lot of experiences and frames of 

reference. 
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Being part of the same academic community also meant that the hierar-

chies in the laboratories became sort of applicable to me, as well. Apart from 

being a visitor from the outside, I was also a PhD student, and that sometimes 

placed me in the same category as the doctoral students working in the labo-

ratory. This probably was part of the reason why it was especially easy to talk 

with them – I was sort of one of them. It also had a part in shaping relation-

ships with other members of staff; for example, senior researchers sometimes 

tried  to  give  me  advice  on  how  to  conduct  research  during  conversations 

about my project. 

At other times, I was simply an outsider, and then my place in the academ-

ic hierarchy seemed to be of less importance. When talking about scientific re-

search, the difference in my being a social and not a natural scientist seemed 

to play a much more important role than the similarity of belonging to the 

academic world. As a natural scientist, I would have been expected to under-

stand their work; as a social scientist with limited knowledge of biology and 

chemistry beyond a rather basic understanding, I was not. This meant that 

the  staff  explained  what  they  were  doing  much more  detailedly  than they 

would have done to an insider of the natural sciences and accepted much 

odder questions about what they were doing and why. 

Belonging to the same academic community also meant that the laboratory 

members knew how science works, that is, they knew about things like re-

search grants, journal papers, dissertations, and supervisors, because they 

worked in the same environment.14 They also had an idea about the social sci-

ences and what social sciences research does, although many were curious to 

find out more precisely what an anthropologist does, even if not everyone I 

met in the field classified anthropology as a science. 

Influencing Results

Following  the  people  I  did  unavoidably  shaped how I  looked  at  laboratory 

work. Having spent time at technology platforms means that I saw quite a lot 

of interaction between people and machines. I might not have found this an 

interesting topic if I had looked at a different type of laboratory. In another di-

mension,  had I followed,  say, laboratory leaders in their  everyday work in-

14 In her study of high energy physicists, Traweek for example reports that her infor-
mants, shocked about her low pay, regularly offered her advice on how to gain ac-
cess to better grants (Traweek 1988: 5).
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stead of the people  on the floor,  I probably would have seen very different 

things and some of the same things from a different point of view, perhaps re-

sulting in a different focus and different conclusions for this study. 

It was not only my choice of place and informants (and their choices of 

showing me their work and agreeing to talk to me) that influenced the out-

come of this study, another influence was my presence in the laboratories. I 

tried to influence the laboratory staff’s work as little as possible, among other 

things by trying  to  minimize  their  discomfort  and uneasiness  of  being  ob-

served. I did not use a notebook or tape recorder in the laboratory, mostly be-

cause I wanted to appear as nonthreatening as possible and not make the 

staff feel even more uncomfortably closely observed. A few of them told me af-

ter a few days that they had felt quite uneasy the first time I had watched 

them. They had not really  known what to expect,  and being observed had 

made them nervous about making a mistake. It was not until later that they 

realized that that was not what I was looking for and that I would not have no-

ticed a mistake, anyway. 

As I learned later, it was quite common for a new member of a laboratory to 

follow one of her new colleagues in order to be introduced to her new job by 

first  watching  and discussing how things are  done  in the laboratory,  after 

which she will try herself under supervision. At least the more senior labora-

tory staff were quite used to showing and explaining their work to a newcom-

er. As one of them put it, the strange thing was not my following her; what 

she found strange was that I was not going to do the laboratory work she was 

explaining to me. In this way, there was a role, namely that of new colleague, 

into which I almost fitted, which made the first few days of fieldwork in a new 

laboratory considerably easier.

That most of the laboratory staff were women (whereas most of the labora-

tory leaders were men) was another factor that might have played a role in es-

tablishing field relationships and fitting into the laboratory. 

It would be naïve to think that my presence in the laboratories or the ques-

tions I asked did not influence the laboratory staff. Nor is it possible to be-

come the proverbial fly on the wall. I am reasonably sure that, being familiar 

with research findings ending up in published form, the laboratory staff and 

leaders were aware that I was going to turn my observations of their work and 

their answers to my questions into published form. Even though I assured 

them of anonymity in this study and the questions I asked did not seem to be 

sensitive,  being aware of this larger context  might have caused them, con-
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sciously or unconsciously,  to present  me with an ideal image of laboratory 

work, that is, laboratory work as they felt it should be. 

This is probably even more the case for the formal interviews I conducted 

with the laboratory leaders. The formality of the conversations, as opposed to 

the quite casual discussions at the lunch or coffee table or in the laboratory 

might have been a strong reminder of an outsider being present, which might 

have lead to presenting an idealized image. In addition, these interviews often 

took place in the interviewees’ offices,15 that is, away from the laboratory. This 

spatial separation from the practice of laboratory work might have contributed 

to creating a situation which suggested that the conversation was not meant 

to be about how science is done in everyday practice but about how science 

should be done; the official story for a visitor, so to speak. 

However, this study will  focus and reflect on aspects of laboratory work 

that I understood as important to the staff, and it is to be expected that these 

aspects would be very much a part of an ideal image of laboratory work. An 

ideal image is bound to and did influence everyday work, as I will show in this 

study. 

Duration 

The duration of fieldwork depends mostly upon what it is one wishes to learn 

in the field. As almost every part of work in the technology platforms revolved 

around making data or, in the case of the research laboratories or the doctoral 

and postdoctoral students associated with the technology platforms, around 

some aspect of producing knowledge, I could gather very diverse data during a 

fieldwork period that added up to about two months. I did two pilot studies of 

one week each in two laboratories in June and October 2002 and spent a few 

days in another laboratory in the spring of 2003; the rest of the fieldwork in 

two more laboratories was spread over the spring term of 2004. 

Unlike many ethnographers, I did not have to learn a new language. In 

most laboratories, the staff communicated in Swedish and, in those with part 

of the staff from abroad, additionally in English. Being reasonably fluent in bi-

ology, I did not have to learn its basics in order to understand what the work 

in the laboratories was all about, which meant that I did not have to spend 

15 The two exceptions took place at a coffee table in a quiet corner and over lunch in a 
small conference room.
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part of my time in the field learning a completely new language. I did not and 

still  do  not  know all  the  details  and  fine  points,  but  what  I  learned  was 

enough to be able to follow laboratory conversations and discussions and to 

be able to ask meaningful questions.

Another factor was the overlapping of important cycles in the laboratories. 

Traditional ethnographic fieldwork is supposed to take at least one year, a tra-

dition that has its roots in the assumption that ethnography is a method for 

studying societies which are agricultural or in other ways strongly influenced 

by the seasons. By staying for a year, ethnographers would have the chance, 

so the theory goes, to observe and participate in every activity that is impor-

tant, making it possible to understand another culture. So, what actually is 

important is not the mythical figure of twelve months, but the duration of a 

cycle. 

A laboratory associated to a university is embedded into the academic cy-

cle  of  one  year  and Swedish  society’s  cycle,  which,  originally  having  been 

based on agriculture, encompasses a year as well. Apart from that, there are 

the changing generations of doctoral students who complete their degrees in 

the course of approximately five years. Naturally, these cycles influence the 

rhythm of laboratory work and the production of knowledge, but they are not 

the  main influence.  There  are  the  smaller  cycles  of  projects  and the  even 

smaller ones of experiments and recurring tasks. At the technology platforms, 

analyzing a batch of samples might be described as a cycle. When one batch 

was analyzed and the data sent away, the staff, usually research engineers, 

began to work on the next  one.  Depending on which kind of analysis was 

done, these cycles could last from a few days to several months. Those over-

lapped,  especially  in  bigger  groups,  whose  members  worked  with  different 

projects at different stages of completion, giving me the chance of seeing vari-

ous parts of these cycles at the same time. 

In this way, I saw many steps of laboratory work several times, performed 

by different people and under different circumstances. This made it possible 

to  recognize  patterns  or  ask  the  questions  I  discovered  later,  for  example 

when writing fieldnotes, that I had not thought to ask at first. It also made se-

lective observations (Spradley 1980: 128) possible in order to put the patterns 

and categories I thought I could discern to the test and see if the practices 

and their variations fitted these patterns and categories or if I had to modify 

or discard them. 

From rather early on in the fieldwork, I specifically focused on practices of 
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turning samples into data, which lead to a focus on how people and machines 

interacted. The data I had gathered and tentatively started to analyze made it 

reasonable to leave the field (with the option of returning should it prove nec-

essary) after having spent two months there. Testing the understandings I had 

arrived at by discussing them with the laboratory staff and by selective obser-

vations as well as reflecting on them in between stays in the field had increas-

ingly brought about a feeling of saturation. 

Spreading the fieldwork also proved a very good way to both immerse my-

self in the field and find the time to read, write and, most of all, think. I think 

this made my visits in the field more efficient. It also had the beneficial side 

effect of giving informants a break from my questions and presence. While I 

did not have the impression that my presence bothered them, at least not af-

ter the first few days, I probably did slow down their work. 

Analysis

I did a first, tentative analysis of what I had seen and heard at the end of each 

day in the field, after I had written fieldnotes. For this, I tried to identify pat-

terns in my observations and, later on, tried to compare what I had observed 

in one laboratory with what I had observed in others in similar situations. I 

used these first analyses mainly as guidelines for the next day’s fieldwork.

In between periods of fieldwork,  I  approached my material  in a broader 

way, not focusing on one day’s notes at a time but searching for themes and 

patterns in my observations, as well as comparing what people said to what 

they did. As Hammersley and Atkinson describe this phase of analysis:

“One  looks  to  see  whether  any  interesting  patterns  can  be  identified; 
whether anything stands out as surprising or puzzling; how the data relate 
to what one might have expected on the basis of common-sense knowledge, 
official accounts, or previous theory; and whether there are any apparent 
inconsistencies or contradictions among the views of different groups or in-
dividuals, or between people’s expressed beliefs or attitudes and what they 
do” (Hammersley and Atkinson 1983: 178).

This search for patterns is sometimes also called “sorting” the data (O’Reilly 

2005: 184ff).  Identifying patterns is the first  step of making sense of one’s 

data;  the  patterns  are  the  base  for  developing  concepts  or  classifications. 

These concepts and classifications may be descriptive and clarify or make visi-

ble concepts expressed by informants. They may also be the ethnographer’s 
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concepts, developed in order to understand the data better and in order to be 

able to interpret and explain it  in a better way (Hammersley  and Atkinson 

1983: 177ff; O’Reilly 2005: 195ff).

Before I went back to the field, I usually had time to reflect on the themes 

and patterns I had identified and to assess what I needed to know more about 

in order  to  develop  concepts  that  would hold.  These  reflections  were  often 

generated and deepened by writing first drafts of ethnography. 

After finishing fieldwork, I went through both fieldnotes and interview tran-

scripts in order to refamiliarize myself with all of the data and to gain a broad-

er and more holistic picture of the data, testing my preliminary analyses and 

concepts against them, searching for patterns I might have overlooked. Devel-

oping and testing concepts and classifications led to the last step of analysis, 

that is, fitting these concepts to theory. Like developing concepts from themes 

and patterns, tying my material to a wider theoretical context served the pur-

pose of seeing the material from yet another angle and thus of better under-

standing it (Hammersley and Atkinson 1983: 200ff; O’Reilly 2005: 198f). 

This analysis was a continuing process of both fitting theoretical concepts 

to empirical findings and reinterpreting the empirical material in the light of 

these theoretical concepts. In this process, theoretical notions and empirical 

material were constantly rethought and refitted to each other (see for example 

Berner 1989: 209ff). 

The constant reinterpretation also meant refocusing, both theoretically and 

empirically. At the beginning of my fieldwork, I had an idea that I wanted to 

study the negotiations of meaning involved in interdisciplinary research. As 

the laboratories were expected to combine different disciplines, I thought they 

could be a good place to study these negotiations. As it was, the laboratory 

staff  seemed  completely  uninterested  in  talking  about  interdisciplinarity, 

whereas  they  appeared  happy  to  discuss  their  work,  work  which  revolved 

around analyzing samples and working with complex machines. Consequent-

ly, I had to find different theoretical concepts that would help me understand 

this work and its practices, and these concepts in turn refocused the ques-

tions with which I approached both the field and, later on, my material. 

This process did not only include fieldwork, reading, and trying to fit the 

two to each other. It also included writing first analyses, discussing them with 

colleagues in seminars and during coffee breaks and with my supervisors in 

meetings, rethinking and rewriting and then discussing again. Thus, the anal-

ysis was not only a matter of empirical material and theoretical tools, but also 
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had an academic context that contributed to shaping it. 

Reflections 

I chose ethnography for a method because I wanted to study laboratory prac-

tices as cultural practices, that is, how the laboratory staff created meaning in 

their work. Ethnography with its focus on suspending one’s own point of view 

and striving to understand another culture from an inside point of view pro-

vided the methodological tools for doing so. 

The combination of observation and interviews allowed me to see laborato-

ry  work  from several  angles  by  comparing  how  the  laboratory  staff  spoke 

about it from their different perspectives and in different situations and how 

they did their work. It also allowed for comparing and contrasting how the 

laboratory staff described their work to how they did it. Discrepancies  and 

contradictions  between  them  do  not  necessarily  indicate  deception,  much 

more often they mirror the difference between theory and practice,  that is, 

how people think things should be done and how they are done. This differ-

ence gave both new openings in the material and a much deeper understand-

ing of it. 

In this way, ethnography provided the tools for studying how the laborato-

ry staff created meaning in their laboratory practices. These tools also could 

accommodate a field as fragmented as five different laboratories. 

Conducting this study as I did had its limitations, as well.  Ethnography 

makes it possible to study the creation of meaning on a local level, which nec-

essarily  includes  idiosyncrasies  and  local  peculiarities.  A  multilocal  study 

makes it possible to identify at least some of these idiosyncrasies as such, but 

nonetheless this study cannot claim to speak about more than five particular 

laboratories at a particular time. 

Apart from that, ethnography is very dependent on the ethnographer’s per-

son. Another person might have established different field relationships, fo-

cused  on other  things,  or  understood  laboratory  practices  quite  differently 

from me. In order to prevent substituting my understandings for seeing labo-

ratory work from the staff’s point of view, I asked several informants to read 

part of chapter 4, checking for errors and misunderstandings. Apart from a 

few small comments, they appeared content with my representations. I also 
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sent an earlier version of chapter 5 (Kruse 2004) to a number of informants 

who expressed interest in seeing my work, either during or before fieldwork in 

the particular laboratories. Reactions ranged from comments on how different 

my paper  was to  the  ones  they  wrote  to  someone  who said  that  while  he 

would not have put it  that way, he agreed that their  work was very much 

about decreasing uncertainty. 

Spending two months in the laboratories, even though they were spread 

out over a longer period of time, made it possible to look at laboratory prac-

tices as they were then, as a photograph, so to speak. It did not allow for the 

study of changes over time in these practices, even though they do change 

quite a lot with the development of new methods of analysis or the improve-

ment of existing ones.16 

Ethnography  does  not  end  when  leaving  the  field.  Using  ethnographic 

methods in the field compels the ethnographer to a certain form of fieldwork 

account, namely an account that, in order to be valid, must describe in detail 

the circumstances of fieldwork and analysis (Marcus and Fischer 1986: 18ff; 

Sanjek 1990). Ethnographic validity is a question of methodological and theo-

retical openness and explicitness (Sanjek 1990: 395), placing the ethnography 

within a necessary context of how it was produced. 

This validity is also connected to a holistic approach, that is, understand-

ing aspects and facets of cultural practice as connected to larger systems of 

cultural  meanings (Peacock 2003 [1986]:  8ff).  Holism as applied to  the re-

search  process  also  means  seeing  its  different  parts  as  connected  to  the 

whole, that is, seeing method and theoretical background as connected to the 

study’s results. 

In accounting both for the conditions of this study and for how I conducted 

it in detail, I have aimed at achieving this validity. In this chapter, I have de-

scribed how I collected and analyzed the data for this study as well as dis-

cussed the methodological tools I used. In the following chapters, I will pursue 

this aim by being open about the connections  between  the methodological 

and analytical tools I used, the material I collected and analyzed with their 

help, and the conclusions I drew. 

A related issue is that of generalizability – this study is about five specific 

laboratories at a specific time. Just as the work processes in these laborato-

ries change – in some of them they already have – it is entirely possible that 

16 One of the informants who read part of chapter 4 told me it was like reading an 
archive, as their methods had changed so much since I had been there. They were 
doing everything completely differently now, she said. 
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the laboratory staff’s way of creating meaning around them changes, as well. 

Therefore, this study does not claim to be able to speak about laboratory re-

search, genetics, or even science in general. It only aspires to saying some-

thing about very specific laboratories at a certain time. 

However,  this  study may be usable  for  a wider  field  in a different  way, 

namely in suggesting new angles and perspectives of understanding laborato-

ry practices and, in extension, also scientific practices.
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ANALYZING SAMPLES IN THE CONTEXT OF A RESEARCH COMMUNITY

3 Norms and Ideals

The five different laboratories I studied, all of them located in the southern 

half of Sweden, belonged to two organizations involved in genetic research on 

a large five-year grant allocated to them by the Swedish Knut and Alice Wal-

lenberg  Foundation.  The  two  organizations,  Swegene  and Wallenberg  Con-

sortium North (WCN), each gathered a number of technology platforms and re-

search groups tied to several universities. They were expected to combine the 

medical, technical and natural sciences in their work. 

In this part I will describe laboratory practices of analyzing samples. This 

chapter will discuss norms and ideals that were of importance for analyzing 

samples, such as what valid data was and how to attain it by doing good sci-

ence. While playing important roles in local laboratory practices, these norms 

and ideals, I will argue, were embedded within the laboratories’ participation 

in larger research communities. Chapter 4 will then discuss different analyses 

of different kinds of samples in more detail. 

Research Platforms

Instead of distributing funding directly to the various research groups associ-

ated with them, both organizations decided to build so-called technology plat-

forms; centers that were equipped with state-of-the-art technology, employed 

specialized  staff,  and were  made  available  for  a  cost  price  to  all  research 

groups, including groups not associated with the organizations. 

The  idea  of  research  platforms  seems  to  be  a  both  recent  and  rather 

widespread one in the life sciences. In a recent study, Peter Keating and Al-

berto Cambrioso describe what they conceive of as a new, hybrid way of con-

ducting research in biology and medicine, namely research that combines dis-

ciplines and revolves around substances and entities that are both biological 

and medical, that is, biomedical (Keating and Cambrioso 2003: 1ff). 

In order to be able to study this novelty and to understand their field in a 

way that made sense to both them and those involved in biomedicine, they 

coined the term “biomedical platforms,” borrowing from language encountered 
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in the field. This notion is meant 

“to draw together within a single category biomedical instruments and pro-
grams and related patterns of cooperation between biologists, clinicians, 
and companies that produce reagents and equipment” (Keating and Cam-
brioso 2003: 18).

In other words, they draw attention to biomedical platforms consisting both of 

things and people and of patterns of cooperation. I take the central point of 

their notions of biomedical platforms to be not the people or things involved in 

the platforms, but the connections between these people and things. 

Keating and Cambrioso’s notion of biomedical platforms seems to refer to a 

concept  rather  than a location,  whereas  the  technology  platforms I  visited 

were very clearly localized as particular, bounded laboratories. Still, Keating 

and Cambrioso’s concept with its emphasis on connections and cooperation 

can be helpful for understanding the technology platforms I visited. They were 

established in order to cooperate, that is, to make their analyses – comprised 

of instruments, reagents, and the staff’s skill – available to others. While they 

were  locally  bounded,  they  also  were  part  of  large  networks  of  genetic  re-

search,  and Keating and Cambrioso’s  notion helps draw attention to  these 

connections.

Organizing Swegene (and probably also WCN) like this, according to Swe-

gene’s chairman (personal interview in Lund, 11 March 2002), meant that re-

sources were pooled instead of divided, and that research groups got access to 

expensive machinery and instruments they would not have been able to afford 

otherwise. This was meant as a chance for the researchers to establish them-

selves at the research front.

The  foundation’s  grant  was  planned  to  cover  the  technology  platforms’ 

starting-up phase, running from 2001 to 2006. After this, the universities to 

which they were tied and which had matched the resources spent on them 

with, for example, laboratory spaces and the staff’s salaries, will be expected 

to take full responsibility. 

The technology platforms were meant as service institutions. Some of them 

also did research of their own, research concentrated on developing and im-

proving their  methods of  analysis.  Otherwise,  work at the technology  plat-

forms revolved around analyzing samples, that is, transforming samples into 

valid data, usually images and columns upon columns of numbers. Some of 

the platforms analyzed samples sent to them; others received researchers and 

research groups and helped them use the equipment for analysis. 
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In this way, the technology platforms and the research groups using them 

established networks of connections and patterns of cooperation, similar to 

the biomedical platforms conceptualized by Keating and Cambrioso. 

Apart from these rather specialized networks of cooperation, the laborato-

ries were  embedded into a larger  research community.  This was especially 

clear when it came to norms and ideals of good science and of how to conduct 

good research as well  as concepts  that were  important  for local  laboratory 

practices, as the concept of valid data. 

Participating in a Research Community

“No puzzle-solving  enterprise  can  exist  unless  its 
practitioners  share  criteria  which,  for  that  group 
and for that time, determine when a particular puz-
zle has been solved” (Kuhn 1979 [1970]: 7).

Kuhn points out two aspects of science, which he here refers to as a “puzzle-

solving enterprise,” that are of importance for understanding the connection 

between the local laboratories I visited and the larger research community. 

For one, he notes that criteria of when a problem has been solved, that is, 

what is good enough science to be satisfactory, have to be shared within the 

particular research community. Secondly, he emphasizes that these criteria 

need only be accepted within a particular community at a particular time, 

which highlights how much these criteria depend upon agreements. 

In the laboratories I visited, these criteria, or norms and ideals of how sci-

entific research should be pursued, were not confined to the particular labo-

ratory but anchored  within  larger  research communities.  Especially  during 

the interviews  with the  laboratory leaders,  it  became quite  clear  that local 

practices were understood as embedded into a larger research community of 

genetic research and life sciences. As the laboratory staff were part of this re-

search community,  they  were  familiar with its  ways of  looking at  and dis-

cussing results.

In analyzing samples, the laboratory staff produced data that eventually 

would be made available  to the research community. Accumulating data is 

only one step in producing knowledge,  but all  subsequent steps are based 

upon this data, which, accordingly,  was made with its future use in mind. 
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This means that while data and the conclusions drawn from them were pro-

duced locally, as were the meanings created within and around this work, this 

was done with its reception by others in mind, trying to anticipate the re-

search community’s criticism.

Anticipating  criticism  also  meant  accepting  and  following  the  research 

community’s norms and ideals and incorporating them into the laboratory’s 

cultural practices. For making data from samples that meant, as this data was 

to be received by the research community, that the concept of valid data was 

important.  Accordingly,  laboratory practices  revolved around attaining valid 

data. 

Producing Reproducible Results

The words of a laboratory leader illustrate the significance attached to the 

data’s validity. Referring to a recent case where a research group had experi-

mentally proved differences between fresh and stored blood, while claiming to 

show something completely different, he said,

“you should be allowed to make horrible glaring mistakes. As long as there 
isn’t any falsification of any type involved, that is merely  – the data that 
they produced, how’s it changed? They can tell the difference between old 
and new [blood]. Which might have a use or may not have a use, but the 
point is, the data is valid. So, it’s not the dat– if you can attack the data, 
then you’re in trouble. If there’s something wrong with the data, if the data 
weren’t reproducible...”

This interviewee makes a clear distinction between the data on the one hand 

and the conclusions drawn from it on the other. Mistakes, even “horrible glar-

ing mistakes,” when drawing conclusions from data are no more than a minor 

embarrassment compared to invalid data. You should be allowed to make mis-

takes, but data should be valid, which means impossible to attack. 

However,  validity  is  not  directly  measurable  or  testable.  The  laboratory 

leader quoted above describes reproducibility as a measurement of validity. If 

data cannot be reproduced, that means there is “something wrong” with it. 

Conversely, in order to show that nothing is wrong with one’s data, that it is 

valid, the data has to be reproducible, described like this by the same person: 

“If ... someone does an experiment ... it must be reproducible, and by repro-

ducible, it doesn’t mean just in our lab.”

Although  the  interviewee  speaks  of  experiments  as  having  to  be  repro-
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ducible, this requirement holds true for data, as well. Analyzing samples, that 

is,  making data, is usually regarded as part of  an experiment,  and for the 

whole to be reproducible, its parts must be reproducible, too. 

In order to be reasonably certain of one’s results and to be able to achieve 

reproducibility one must make sure to control all relevant variables as well as 

not to overlook or introduce variability. The person conducting the experiment 

is not regarded as a relevant variable, quite the opposite: That results can be 

reproduced by someone else, preferably in a different laboratory, is an indica-

tion that the experimental design indeed controls all the relevant variables. 

Keeping variation down by controlling variables is a very important part of 

achieving reproducibility. That is, one should ideally only change one variable 

at a time, keeping everything else strictly the same. As a research engineer ex-

plained to me, this means, for example, that in experimenting on rats, which 

some  of  the  samples  the  technology  platforms  analyzed  came  from,  one 

should try to obtain rats from the same litter, raise them exactly alike, feed 

them at the exact same time and take samples from them at the exact same 

time, so that the only thing in which they differ is the dose of the medication 

whose effect one is studying. 

In practice, there may be variables one cannot control, as well as those one 

might not be aware of playing a role. As a laboratory leader explained,

“[w]hat  we  can  do  is  minimize  variability  by  repeating  the  experiment 
enough times. However, if you repeat the experiment enough times, and 
there was a flaw in the experiment  – there’s something you haven’t con-
trolled very well and it just happens ... So, you could do the experiment as 
many times as you want to and then publish absolute crap.”

This is why results should be reproducible in a different laboratory in order to 

be regarded as valid. Researchers in another laboratory might discover the 

flaw or set up the experiment slightly differently, thus unconsciously eliminat-

ing the flaw.17 In this way, reproducibility is a very practical way of testing the 

validity of data. 

Reproducibility, especially as achieved by another person in a different lab-

oratory, is also linked to objectivity. Popper describes scientific objectivity like 

this: “[T]he objectivity of scientific statements lies in the fact that they can be 

inter-subjectively tested” (Popper 1972 [1959]: 44; italics in original). 

In the laboratories I visited, reproducibility was the aspect of validity that 

17 They might also fail to reproduce and thus possibly question valid data because of 
flaws in their own experiment. However, this possibility seemed less interesting to 
talk about, perhaps because it was not regarded as advancing scientific progress. 
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was most pervasive. At least in the parts of laboratory work that I observed, 

there was no testing of results by other other means, as for example by mak-

ing predictions. This might have partly been caused by the technology plat-

forms’ focus on analysis; as their work was restricted to this single step, they 

did not have the scope to test results in this way. In part, it might also be con-

nected to my focus on how samples were transformed into data. During that 

part of the work, validity can only be aimed at by striving for reproducibility 

for example  by running analyses  in duplicate  or triplicate;  predictions can 

only be made and tested when there is finished data to base them on. Conse-

quently, laboratory practices when analyzing samples revolved around making 

reproducible, and thus valid, data, even though the staff did not usually talk 

explicitly about reproducibility or validity.

Communicating with the Community

Thinking about valid data in terms of making sure that it cannot be attacked 

presumes that there is someone to do the attacking. These attackers are other 

scientists, and questioning one another’s findings is a basic mechanism of the 

research community’s collective approach to producing knowledge. A labora-

tory leader describes this mechanism of criticism like this:

“to build a model, and offer an explanation for what you see, and then you 
build these things, a house, what have you, you put it out there, and basi-
cally you let people attack it, try to knock it down. If they can knock one 
brick out, that’s it, it’s finished. So, it’s the base of all science...”

This attacking of others’ conclusions – the models and explanations the inter-

viewee speaks about – is done according to cultural norms and ideals of the 

research community. One way of attacking another’s findings or testing one’s 

own in anticipation of others’ criticism is to try to reproduce them; failure in-

dicates  success  at  knocking  bricks  out  of  the  interviewee’s  metaphorical 

house.18

18 Sociologist of science Harry Collins criticizes this trust in reproducibility. For one, 
he argues, trust in reproducibility as a test of experimental results is overrated, as 
attempts to reproduce others’ results rarely are made (Collins 1992 [1985]: 19). The 
second part of his criticism concerns what he calls “experimenters’ regress:” if an 
experiment is used in order to test another experiment, there should be a third one 
in order to determine whether the second was done well enough to be able to serve 
as a test, whereupon the third experiment has to be tested and so on. This experi-
menters’  regress,  Collins  argues,  can  only  be  avoided  by  finding  criteria  of  an 
experiment’s quality that are independent of its results (Collins 1992 [1985]: 84).

58



ANALYZING SAMPLES IN THE CONTEXT OF A RESEARCH COMMUNITY

Another way is making and testing predictions. When predictions do not 

come true, this is seen as indicating a flaw in the original experiment. Con-

versely, predictions that do come true indicate the results’ validity. Expressed 

a little differently, results can be regarded as fairly reliable and certain, “if you 

can show it in another way,” as a research engineer explained. Showing some-

thing in another way means making and testing a prediction based on the un-

derstanding gained from one or a number of experiments. According to a labo-

ratory leader,

“the next thing is well,  we’ve done something, we produced results, and 
that makes a prediction that we can to go and test ... So, if the idea is, 
well, OK, if we feed them with this, then we get this result, that means if 
we feed them with the other thing, we should get that result. And if you 
don’t, and you see the same result, you say, ah, there must be a variable 
we’re not controlling.”

As the laboratory leader’s description suggests, it is not only theories than can 

be attacked in this process. An important aspect of attacking conclusions is 

questioning the data upon which they are based. Irreproducible data not only 

knocks a brick out  of  the  metaphorical  house,  it  knocks the  whole  house 

down, or, as the laboratory leader put it, with irreproducible data, “you’re in 

trouble.”

The correspondence  of this perception of  the research process is  strong 

with Popper’s portrayal of science as based on not proof but falsification (Pop-

per 1972 [1959]: 33). As the laboratory leader describes his vision of scientific 

research, the base of all science is attempting or letting others attempt to fal-

sify one’s findings. As Popper’s theory of science (see for example Popper 1972 

[1959])  has become part of  how science understands itself,  this correspon-

dence probably is a product of Popper’s view of science being part of scientific 

education. 

The peer review system of scientific journals means that only papers that 

conform to the norms established by the research community will  be pub-

lished. One laboratory leader described this system as ‘correcting’ the individ-

ual researcher’s possible mistakes.  As success in the world of scientific re-

search is  measured in published articles  and these  articles  are  crucial  for 

winning new grants and thus establishing or continuing a career (see for ex-

ample Woolgar and Latour 1986 [1979]: chapter 5), the norms and ideals es-

tablished by the scientific community are important to observe if one wishes 

to have an academic career.

Norms and ideals  that  applied  to  data did not  exclusively  focus  on the 
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data’s validity. Data not only had to be incontestable in order to be good, it 

also had to mean something. In the words of a laboratory leader, 

“it has a lot to do with ... both which, of the results we have, which do we 
sort of think, do we feel sure of technically, that they are correct, but also 
that they are meaningful in some way. Just a lot of unconnected experi-
ment information, those are rather meaningless. 

“There might be a hidden pattern to it that we haven’t been able to find, 
but as long as we haven’t found it,  it’s quite uninteresting for everyone 
else, and then it’s about what we can present that we think somehow could 
be interesting for our colleagues to learn and not just sending out a lot of 
more or less disintegrated results we don’t understand.”

What was interesting or not, he went on to explain, was decided by the re-

search community, “a purely social  judgment.”  This focus on social  factors 

might have been influenced by the interview situation and an expectation that 

I was or should be interested in social factors. However, the laboratory leader 

apparently had the research community’s anticipated reaction in mind when 

deciding whether or not a result was publishable.19 

Another way in which the norms and ideals of the larger research commu-

nity were brought into the local laboratories were the “journal clubs” held in 

most of the laboratories. Criticizing others’ articles was another way of re-es-

tablishing norms and ideals of good science, sometimes by making jokes, but 

also as active participation in the research community; not only receiving oth-

ers’  work but also, for example,  contacting authors with questions or criti-

cism. 

As, at least in one of the laboratories, these journal club meetings were es-

pecially intended to teach doctoral students how to think critically; they prob-

ably also were intended to make them think differently about their own work. 

Discussing what others have and should have done,  the doctoral  students 

learn to anticipate and avoid similar criticism of their own work. 

Doing Good Science

The  research  community  does  not  only  work  by  questioning  according  to 

norms and ideals  of  science,  it  also establishes  these  norms and ideals of 

19 An aspect of interesting data none of the laboratory leaders mentioned explicitly 
when talking about producing data or knowledge for the research community is the 
data’s newness. The reason for this is probably that this seemed so self-evident to 
them, as a prevailing theme in all of the interviews is doing research as finding new 
answers to new problems. 
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what good methodology and good results are (in accordance with Kuhn 1979 

[1970]: 7), a result of continuous discussion. Another laboratory leader put it 

like this: 

“But if you say ... what kind of experiment do you need in order to dare say 
something, then it’s probably – there is a sort of general consensus about 
roughly what you need in order to be able to say a certain thing, involving 
different techniques and different  –  sort  of  tight  results and things like 
this. 

“But it’s not as if you could look it up in a book and say, ‘ah, if you’ve 
shown this and this and that, then everything’s OK.’ ... So there’s no such 
thing, but it’s a sort of on-going discussion all the time that is conducted 
in part when you meet people, in part in the lab and in part in the litera-
ture. About, sort of, which conclusions you dare draw from certain types of 
data.”

While reproducibility was important in the laboratories I visited as a test of 

data, there were other norms and ideals of quality of laboratory work, as well. 

One example were joking referrals to norms and ideals of what good science 

was and how it should be done. Usually, they were referred to quite ironically, 

with something like, “Well,  that’s good science!” met by laughter. This could 

happen when talking about others’ work and commenting on something that 

was regarded as sloppy work, as for instance drawing conclusions from what 

the staff regarded as too low a number of samples, having too few control 

samples, or comparing what was seen as the wrong things. Another example 

of referring to these norms and ideals was joking about someone’s disappoint-

ment and indignation when they failed to find what they had expected. 

I also heard people occasionally comment their own work by referring to 

good science when they were taking what they apparently felt to be shortcuts 

while I was watching them. At one occasion, a postdoctoral student spilled a 

little of the sample she was mixing onto her laboratory bench. She pipetted it 

back into the test tube, telling me with a grin that “this is not really the good 

scientific way,” but, she added more soberly, as the samples were going to be 

cleaned up later anyway, it did not matter. 

That jokes about good science seemed to be shared and appreciated by the 

staff as a community suggests a shared set of ideas about what was regarded 

as good science and what was not and why it was funny to make ironic re-

marks about one’s own or someone else’s work in comparison to the stan-

dards that were regarded as good science. Without a shared set of references, 

these jokes and ironies would not have been understood as funny. 

Apart from their entertainment value, the jokes served the double function 

of reminding members of the community of the ideals that constitute good sci-
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ence, constantly re-establishing and reinforcing these ideals and thus affiliat-

ing the laboratory to the larger research community. Even though staff mem-

bers did not always conform to the ideals, they apparently were quite aware of 

them, as well as of their own nonconformity with them; otherwise it would not 

have been necessary to joke about one’s  own work. Jokes thus served the 

double purpose of entertainment and education. 

Embedded Practices 

To sum up,  analyzing  samples  was  not  simply  a question  of  transforming 

them into data, but it was crucial that they were transformed into usable, that 

is, valid data. Although this transformation was accomplished locally, it was 

done within the context of a larger research community. Norms and ideals of 

how  scientific  research  should  be  performed  as  well  as  what  constituted 

worthless or valid data were established by this larger community, for exam-

ple through conferences or peer-reviewed journals. 

This means that research was not solely an individual activity or even an 

activity by a research group or a laboratory; it was an activity that was located 

within the wider context of a research community. Anchored within this com-

munity, there were ideals of how science should be done and what made in-

teresting results. Smaller units within this community conformed or at least 

referred to them. The referral to these ideals and agreements suggests that 

there were members of this community who thought that they existed and 

who acted accordingly. Ideals and norms created within the larger research 

community provided a framework for the local creation of meaning in the lab-

oratories. 

Much as Keating and Cambrioso describe their biomedical platforms (Keat-

ing and Cambrioso 2003: 18), the technology platforms and, to a lesser extent, 

the research groups drew together scientists, samples, reagents, and imple-

ments in patterns of cooperation. They also connected to larger research com-

munities through shared meanings, most of all meanings in the form of norms 

and ideals that shaped local laboratory practices. The next chapter will dis-

cuss practices  of  analyzing samples  and producing valid data according to 

these norms and ideals.
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4 Analyzing Samples

In this chapter,  I will  describe laboratory practices  of turning samples into 

data in the laboratories I visited. First, I will illuminate similarities and differ-

ences between the laboratories. After this, I will detail three different process-

es of analysis – protein identification, expression analysis, and SNP analysis – 

that were performed in the laboratories I visited, as well as running gels, a 

way of looking at DNA or RNA or separating proteins that was part of all three 

of the analyses.

Differences and Similarities

Of the five laboratories I visited, three were technology platforms, two belong-

ing to Swegene and one to WCN, one was a research laboratory loosely associ-

ated to WCN, and the fifth was the laboratory of a research group that used 

one of WCN’s technology platforms. 

The laboratories differed because they did different kinds of work. Two of 

the technology platforms I visited analyzed samples taken by research groups, 

and both were usually familiar with and sometimes also involved in the re-

search  these  groups  were  doing.  The  third  platform  helped  visiting  re-

searchers to analyze their own samples, providing both taught courses and 

the use of their technology under the supervision of the platform’s research 

engineers. This platform employed several doctoral students, as well, whose 

projects either used or further developed the technology. The technology plat-

forms were not simply analysis facilities; most of them were involved in re-

search, as well. 

One of the technology platforms performed expression analyses, providing 

answers to the question of which genes had been active in an organism at the 

time the sample  was taken.  Another  provided  genotyping  services,  that  is, 

they analyzed DNA sequences. Still another worked with proteins, analyzing 

samples in order to find out which proteins they contained. Protein research 

may sound quite far removed from genetic research, but as genes encode pro-

teins, that is, DNA can be translated to amino acids and thus proteins, work-
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ing on DNA and working on proteins could be described as two sides of the 

same coin.

At all  platforms, the samples were put through preparation processes of 

several days before the actual analysis took place. These procedures resulted 

most often in images, often composed of differently colored or hued dots that 

with the help of computers were turned into columns of numbers, lists, or 

graphs, that is, the data that was delivered to the research groups. 

The two research laboratories,  both university  laboratories,  worked with 

several projects clustered around a common theme; in one case the structure 

of membrane proteins, in the other a merging of biology and physics in order 

to develop biosensors.

Most  of  the  laboratories  I  visited  used  similar  machines,  such  as  cen-

trifuges and PCR machines, for basic tasks during the preparation of the sam-

ples and, as machines’  functions usually are specialized, different ones de-

pending on the kind of analysis performed. The main difference that I per-

ceived between the technology platforms was that one of them – the smallest – 

used  a  ready–made  package  of  protocols  and  machines,  while  the  others 

worked on developing and improving their own methods of analysis. Accord-

ingly, some of the staff members, mostly research engineers and laboratory 

technicians, spent part of their time trying to find suitable machines or ad-

justing their own. As they also worked with a larger number of samples, they 

used robots when possible, while at the smaller platform all pipetting could be 

done by hand. 

There were two main differences between the technology platforms and the 

research laboratories, as I could see. One difference was in the equipment. 

Not  surprisingly,  as they  were  newly  established,  the technology  platforms 

had more and usually newer machines and instruments than the research 

groups.  The  two  technology  platforms  that  explicitly  were  aiming  for  high 

throughput had robots for pipetting or loading samples. The larger technology 

platforms also had different makes of similar machines, testing them against 

each other or using them for slightly different problems where one was more 

convenient than the other.

The other difference was in the work itself. At the technology platforms, the 

staff’s work revolved  around shared work processes.  Everyone was familiar 

with what the others did and, at least at the smaller one, everyone had the 

same tasks. The bigger the technology platforms were, the more the staff spe-

cialized on parts of the analyzing process. Cooperation meant helping others 
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with samples too numerous to be handled by one person alone.

Research  groups  revolved  around  a  shared  theme  rather  than  shared 

tasks, and not everyone in the group used the same processes. Cooperation 

was based upon just this; different members of the group were familiar with 

and good at different techniques. Instead of spending a lot of time on learning 

and practicing a difficult technique that was to be used only once, one could 

ask another group member for help. 

Apart from these differences, work was quite similar in the different labora-

tories; there were preparation processes that were used and performed in a 

very similar way in several of the laboratories. 

Turning Samples into Data

The central element of analyzing samples or, in other words, of turning them 

into data, were  analyses  done with the help of  instruments.  These  instru-

ments differed according to what kind of analysis was done; apart from that 

there were different makes of similar instruments. What was common for all 

these analyses was that the samples had to be prepared for the instruments’ 

analysis, that is, they had to be brought into a form that the instrument in 

question could process. 

Preparing samples for analysis was a major part of laboratory work at the 

technology platforms and a substantial part of work at the research laborato-

ries. It was a process that usually took several days to complete. As one batch 

of samples usually were prepared by the same person, the samples were re-

frigerated or frozen overnight or over the weekend to fit them into working 

hours and still prevent them from spoiling. It was possible to do that in be-

tween certain steps of the preparation process without harming the samples.

At the research laboratories, sample analysis was a part of conducting an 

experiment and thus the person whose project it was did the analysis as a 

way of finishing the experiment; at the technology platforms, research engi-

neers and laboratory technicians analyzed other people’s samples.

At the technology platforms, the samples that were to be analyzed were 

sent there by research groups or, at one of them, brought there by members 

of the research groups who were to do the analysis themselves with the help 

of the technology platform’s staff. Samples never arrived unexpectedly; they 
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were sent on agreement, usually after research groups had consulted with the 

technology platform’s staff on both administrative matters like when to send 

them and how to package them and on questions of how much material they 

needed to contain. Often, the platform’s staff was even more involved than 

this; they also offered advice to the research groups, as on what kind of ques-

tions could be answered by the analysis they performed, or of how many ani-

mals they thought the experimental and control groups that were part of the 

project should be composed. At one technology platform, a research engineer 

said they preferred to know about the experiments that had generated the 

samples, as it was quite boring to analyze samples they knew nothing about. 

Besides, they preferred to be involved in the project because it was a shame to 

see that some research groups conducted their experiments in a way she and 

her colleagues thought quite pointless, for example by having very few sam-

ples. The research engineer said she assumed that this was done in order to 

keep costs down, which she of course understood, but she felt that very little 

could be said based on so few samples, and she thought it would have been 

better for the research group to find a way to pay for more samples. 

At  another  technology  platform,  the  research  engineers  and  laboratory 

technicians insisted on being involved in the projects whose samples they an-

alyzed  because  otherwise,  they  said,  they  could not  work  properly.  At  the 

third platform, the staff’s involvement came quite naturally, as the visiting re-

searchers spoke quite a lot about their projects; how they had conducted their 

experiments, what they hoped the data would “say” and what they thought it 

did reveal.

Handling Samples

Samples arrived frozen, so as not to deteriorate, and they were at once put 

into a freezer kept at – 80° C for storage. These freezers lined the hallways of 

the laboratories and were used for storing both samples and reagents. Usual-

ly, they were meant for long-term storage; there were household freezers and 

refrigerators in the laboratory rooms for short-term and overnight storage. 

The samples were kept in the freezer for varying periods of time, waiting for 

the staff to have time to analyze them. This time usually was agreed on with 

the research group and scheduled on a work plan detailing which staff mem-

ber was going to work with which samples during a certain period of time. 
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The samples had to be prepared for analysis, bringing them into the form 

required by the machine. This preparation varied, depending on what kind of 

analysis the laboratory was working with. These preparation processes typi-

cally took a few days in which the staff added reagents, for example solvents 

for removing only certain ingredients from a sample or enzymes for breaking 

down DNA or proteins, removed by-products, and added new reagents. This 

meant a lot  of  pipetting,  especially  as the samples usually  were  treated in 

batches. In order to avoid contamination, the products of reactions were often 

moved to fresh test tubes, which had to be labeled carefully so as not to mix 

up any samples. The data that was to be generated was only useful as long as 

it could be tied to the sample it came from. 

This work was frequently broken up by periods of incubation or by spin-

ning samples in a centrifuge in order to separate different substances by their 

weights.  There  were  protocols  that  specified  each step,  also  indicating  be-

tween which steps the samples  could be refrigerated or frozen and stored. 

This made it possible for the staff to leave in the evening or for the weekend, 

allowing for the preparation processes to be incorporated into more or less 

regular working hours. 

Keeping an eye on the clock was an intrinsic part of laboratory work. One 

would often see members of staff take a timer with them on their coffee breaks 

so as not to exceed reaction times or miss starting the next step in time. “You 

get a pretty good feeling for time,” a doctoral student explained to me.

Samples were analyzed in similar ways at the technology platforms and the 

research laboratories. The main difference lay in the technology platforms’ aim 

for high throughput, an aim that was reflected in the equipment available to 

their staff. Processing large amounts of samples also meant that it was possi-

ble to use the data for statistical analysis, something that was apparently es-

pecially interesting for the technology platforms.

A Two-Step Process

While the processes that were done at the different laboratories could vary 

considerably, they all could be seen as consisting of two steps. 

The first step of transforming samples into data was to create so-called raw 

data. Most often raw data took the form of images that were the result of ana-

lyzing the prepared samples with the help of instruments. The second step 
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was to interpret  the raw data provided by the instruments,  turning it  into 

data; information that could be read more easily than those images.

The steps were separated both conceptually and spatially. The first step, 

the analysis, was laboratory work and took part in the laboratory. Then, in the 

second step, the person who had performed the analysis went into the office 

to “look at” the results, the raw data. At some of the technology platforms, the 

two steps also involved working with different people who were in charge of 

different parts of the equipment that was needed for the different steps.

Before focusing in the next part on what I found to be two very important 

aspects of the two steps of sample analysis, namely on creating certainty from 

uncertainty and making objective interpretations, I will describe a few of the 

analyses that were done in the laboratories I visited in order to give a more de-

tailed picture of the work done there. These processes were done with very dif-

ferent kinds of samples and in order to answer very different questions. While 

it is conceivable that a large research project might make use of and combine 

several of these analyses, the projects I observed being worked on did not do 

that. 

Most of the work processes I will describe were done in several of the labo-

ratories. The descriptions are based on what I learned in the laboratories as 

well as on material published on the laboratories’ web pages. 

Genetic Research

The processes I will here describe, expression analysis, protein identification 

and genotyping, focus on different aspects of genetic research.20 In most of 

them, gels were used as a part of the processes of preparing samples for anal-

ysis, which is why I will try to explain how gels were made and what they were 

used for first. Before describing the work processes themselves, however, I will 

now try to clarify some basic concepts that can be helpful for understanding 

what was done in the laboratories I visited.21 

The laboratories were involved in genetic research of different kinds. Before 

I started my research, I assumed that genetic research always had to do with 

DNA (deoxyribonucleic acid), usually described and depicted as a double he-

20 For an overview of these processes, see the diagrams on pages 177-179.
21 These clarifications are based on chapters 2 and 3 of  DNA – The Secret of Life  by 

James D. Watson and Andrew Berry (Watson and Berry 2003).
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lix, which is what genes are made of. DNA is often likened to a ladder – but 

twisted instead of straight –, with the bars made up by sugar and phosphate, 

the rungs by complementary pairs of bases (adenine, thymine, guanine, and 

cytosine)  that hold genetic  information. The bases always pair in the same 

way: adenine with thymine and guanine with cytosine. This means that the 

two sides of the ladder are complementary and one can conclude one from the 

other.22 Figuring out the sequence of these base pairs or ladder rungs is called 

genotyping.  SNP  analysis,  which  was  done  in  one  of  the  laboratories  and 

which I will describe later, is one such genotyping technique. 

Genetic research encompasses more than that. Genotyping provides a long 

sequence of letters, but it does not reveal what these letters mean. Genetic re-

search today rests upon the assumption that DNA holds what may be called a 

blueprint  for  proteins,  with triplets  of  base pairs – these  triples  are  called 

codons – coding for amino acids. Amino acids are the building blocks of pro-

teins. There are twenty of them, and each is coded by at least one base triplet, 

most of them by several. 

In the cells of a living organism, making proteins is achieved in a two-step 

process. First, the current sequence of DNA is transcribed into RNA (ribonu-

cleic acid)  in much the same way as DNA is replicated or duplicated23 The 

DNA temporarily splits into two strands and a complementary strand of RNA 

is assembled. RNA is very similar to DNA, but instead of a double helix, it is a 

single  one; as if  the ladder had been vertically cut in half.24 This so-called 

transcription is done in the cell’s nucleus by a certain enzyme. Then, the RNA 

sequence leaves the nucleus and serves as a blueprint for stringing together 

amino acids into the protein for which it codes. 

For genetic research, this means that analyzing RNA as it is done in the ex-

pression analysis I will describe can give information about which genes are 

currently active; there will be RNA sequences of those only. It also means that 

research on proteins is not at all  as far removed from genetics as it  might 

seem at first glance.

22 This complementarity is an important prerequisite of DNA replication, for example 
when cells  divide.  Then,  the DNA ‘ladder’  splits  up into  two strands,  and each 
strand serves as a blueprint for its complement.

23 Strictly speaking, it is messenger RNA – mRNA for short – that is transcribed. There 
are other kinds of RNA that serve different purposes, as well, but they are not of im-
portance here.

24 In addition – just for accuracy – in RNA uracil substitutes for thymine. 
69



4 ANALYZING SAMPLES

Preparing and Running Gels

Gels can be used in order to separate pieces of DNA or RNA or different pro-

teins, which is why they played a role in most preparation processes; either as 

part of the process itself or as a way to ‘look’ at DNA or RNA and check its 

quality or whether reactions that are supposed to have taken place really have 

done so. As part of the preparation processes, gels were not a means of analy-

sis themselves, only an aid in preparing samples for analysis. One laboratory 

leader rather disparagingly referred to them as “a simple, old-fashioned aid” 

as opposed to the new and much more exciting techniques and technology 

employed in the analyses for which they helped prepare. 

There were two kinds of gels; at least one of them was used in all of the 

laboratories I visited, in some both. There were agarose gels, used for making 

DNA or RNA visible, and there were  acrylamide gels for separating proteins. 

“Running” these gels meant doing electrophoresis: a current was applied to 

the gel, and the difference in charge between the two sides caused the DNA, 

RNA, or proteins to move from one side of the gel to the other. 

What both types of gels had in common was that the laboratory staff start-

ed from scratch when making them,25 mixing several reagents into a liquid 

that was poured into molds where it set into sheets of rather firm jelly. These 

colorless, almost clear sheets were about half a centimeter thick and varied in 

size according to purpose; the smallest gels measured about seven by ten cen-

timeters, while the largest protein gels measured about 20 by 30 centimeters. 

Pouring gels apparently was quite a craft. First, one had to assemble the 

plastic molds, making sure that they were clean and fitted perfectly tight, so 

that the liquid gel could not leak out once it was poured in. This could take 

quite some time, especially when making a large batch of gels. The molds for 

agarose gels were much like lidless boxes, while the acrylamide gels were usu-

ally poured into parallel slots made by dividing walls of plastic so that several 

gels  were  packed into the same mold vertically.  The molds were  not much 

larger than the gels. 

Then, the ingredients had to be mixed. For the agarose gels, the mixture 

was heated in a microwave oven in order to make a solution. Both liquids 

were handled with great caution, as they contained toxic chemicals. The acryl-

amide was dangerous, I was told, because it  was carcinogenic in its liquid 

25 It is possible to buy ready-made gels, I was told, but apart from being more expen-
sive, they required different equipment than the laboratories used. 
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form, but harmless once it had set. The agarose gels contained a quite toxic 

stain  that  attached  itself  to  the  DNA that  was  later  separated  on the  gel, 

which  meant,  as  a  postdoctoral  student  explained  to  me,  that  it  probably 

would attach equally well to anyone’s DNA upon skin contact. 

The liquid gels were then poured into the molds to set. For the agarose 

gels,  that meant judging when they were  cool  enough to set evenly  – they 

warped when they were poured while still too hot; besides, they might damage 

the mold – but still  liquid enough to be poured.  The acrylamide thickened 

quite quickly, so that one had to work quickly in order to fill the molds prop-

erly before it became too viscous to handle. Then, the gels were left to set and 

occasionally checked on. 

Being good at making gels was a special knack, and I was told that some 

people  had that  knack and learned how to  make  these  gels  quite  rapidly, 

while others had to devote a lot of time to it. One problem with large gels that 

occurred while  I  visited one of the laboratories  was that the gels suddenly 

turned out warped and wavy, which caused an uneven running performance 

and thus results that were regarded as not really reliable. This problem was 

eventually put down to a slightly higher temperature in the laboratory due to 

trouble with the air-conditioning, and it disappeared after the air-conditioning 

(that had been installed in order to keep a stable and good environment for 

the machines housed in that room) was repaired. Other problems with gels 

might be attributed to mistakes or clumsiness,  both of which might  cause 

complications in how the gels set and thus how usable they were. The staff 

were very aware of the consequences a small mistake might have, and, ac-

cordingly, they worked very carefully. 

When the gels  had set,  excess parts of  the molds were  taken off,  while 

those parts that lent support to the gels and kept them in shape were left on, 

and the samples were added. Most gels had wells molded into them at one 

end, and the samples were pipetted into these wells after the gels had been 

inserted into the electrophoresis machines. 

Electrophoresis machines looked a little like aquariums. They were clear 

Plexiglas tanks filled with a clear, colorless buffer26 liquid and wired to boxes 

that applied and controlled a current.  After the samples were in place, the 

current was applied, and the difference in charge from one end to the other 

made the proteins or pieces of DNA or RNA in the samples move to the oppo-

site end of the gel. As smaller pieces move faster than bigger ones, the elec-

26 A buffer is a liquid that samples can be kept in without any reaction taking place.
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trophoresis separated them according to size, a process that was referred to 

as “running a gel.” A dark blue stain that was added to the samples moved 

ahead of them, making it possible to calculate a gel’s progress by looking how 

far the blue line had moved. 

The current applied to the gels apparently was quite flexible. A higher volt-

age meant that the samples would move faster through the gel, which made it 

possible, with a little experience, to set the machine in a way that the gels 

would  be finished at  a convenient  moment;  for  example  making them run 

faster when one did not wish to wait or slower when running them overnight. 

This flexibility was limited by factors such as the heat caused by a high cur-

rent,  which made the buffer fluid evaporate and damaged the gels. On the 

other hand, running gels demanded a certain measure of flexibility; the more 

times the buffer had been used, the more current was required for the same 

speed. Usually, the buffer was replaced after having been used ten times.27 

When the blue line had reached the opposite edge of the gel, the current 

was stopped and the gel was taken out of the electrophoresis machine and 

gently pried out of the mold. The larger the gel was, the more gently one had 

to pry, as the gel tore more easily. The agarose gels were just rinsed, the acry-

lamide gels were stained first. This meant that each gel was placed in a stain-

ing liquid in a plastic container. The containers were then stacked on a ma-

chine that constantly tilted them back and forth, so that the liquid and gel in-

side gently sloshed around. After several hours of staining (usually overnight 

or, sometimes, if the stain did not take well,  over the weekend),  they were 

rinsed in the same way, changing the liquid in the containers frequently. 

Finally, images were made of the gels.  Agarose gels were photographed in 

ultraviolet light, in which the stain that had been added to the gel and that at-

tached itself to the RNA or DNA fluoresced. Accordingly, they showed as lad-

ders of bright bands. Distinct bands meant pieces in different sizes, smudgy 

bands that  ran into  each  other  suggested  samples  of  inferior  quality,  and 

smudgy bands crowded together at the far end of the gel indicated deteriorat-

ed samples, that is, RNA or DNA that had been broken up into small frag-

ments. 

These gels were thrown away, usually sorted into special  trash bags, as 

soon as the picture had been taken. They were not going to be used any more, 

so there was no point to keeping them, especially as they still contained the 

27 In all the laboratories I visited, making gel buffer was certainly not a favorite task, 
so the usual system was that the person using it for the tenth time had to make a 
new batch. 
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toxic stain. Acrylamide gels were not photographed; they were scanned into a 

computer file instead. The gels themselves were then sealed into plastic film 

and kept in a cold room. 

Gels were either a step in a longer preparation process – this was usually 

the case with acrylamide gels; they were mainly a means of separating pro-

teins – or as a way of looking at DNA or RNA, which was done with agarose 

gels. In most laboratories at least one kind of gels was used; in some both. 

I will  now describe three of these preparation processes,  namely protein 

identification, expression analysis, and SNP analysis. 

Protein Identification 

In protein identification, acrylamide gels (as described in the previous section) 

were a crucial part of the preparation process. They were used in order to sep-

arate the different proteins in a sample according to charge and to size. Sam-

ples usually contained several different proteins, such as proteins extracted 

from a blood sample. In protein identification, these proteins were separated 

by running them on a gel, extracted one by one and identified with a mass 

spectrometer. 

Protein identification usually revolved around comparing sets of samples. 

By comparing the differences in blood proteins between cancer patients and 

healthy people, for example, it is possible to identify proteins that can be used 

for diagnostic purposes. Protein identification thus was not about analyzing 

every single  protein in one sample; rather it  was about comparing a set of 

samples and identifying the proteins in which they differed. 

Usually, a project was begun by making a few small test gels of about 10 

by 15 centimeters before progressing to large ones measuring about 20 by 30 

centimeters.  It  was  considered  rather  difficult  to  succeed  in  making  these 

large gels. Their size made them vulnerable; I was told that even a small mis-

take or something going slightly wrong could add up to a considerable prob-

lem. Test gels were a way to both acquire the skills necessary for success with 

the larger ones and to see whether the samples held a promise of yielding 

good and interesting data. 

If the small gels “worked,” that is, if it turned out that there were proteins 

in the samples and, in case of a first-time performer, the person doing them 

had shown that she could succeed with them, the analysis proceeded to large 
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gels. 

This analysis began with running each sample on a narrow strip of gel, 

bought ready-made and kept in the freezer, separating the proteins according 

to charge. After having been run, these strips, measuring a few millimeters by 

about 20 centimeters, were attached to acrylamide gels of about 20 by 30 cen-

timeters. Running these gels separated the proteins by size, creating a two-di-

mensional sorting, according to charge on one axis and according to size on 

the other.28 

Then the gels were taken out of  their molds, stained (usually blue)  and 

rinsed,  and subsequently  scanned into a computer  file,  the  result  being  a 

black-and-white image of the gel dotted with spots in different hues of gray. 

These dots were the individual proteins. As each sample was run on a sepa-

rate gel, each sample resulted in such an image. 

These protein spots could be seen on the gels with the naked eye, as well, 

although the scanner was said to be more sensitive than the human eye. It 

was also said that, because of among other things this sensitivity, the scanner 

was better at choosing the right intensity of light with which to scan the gels, 

that is, the intensity that caused the maximum of stains to show on the gel 

without obliterating the differences in hue between the darker spots

Coming from different samples, the pattern of spots on the gels (and thus 

the images) could be different,  which indicated that the samples contained 

different proteins. The next step in the process was a pattern analysis in order 

to identify these differences – this was done with the help of a computer pro-

gram – in order to choose and mark the spots that were to be analyzed. Differ-

ences in pattern meant that the samples contained different proteins. A spot 

on one gel that was missing on another meant that the first gel contained a 

protein the other gel did not, but one did not know yet which protein it was. 

As protein identification usually was all about comparison, the staff looked 

for such differences and chose those spots that differed between gels for iden-

tification. While it was possible, in theory, to analyze all of them, there were 

thousands of them, and not all were considered interesting. What was inter-

esting were the differences, for example a protein that could be used as a ba-

sis for a blood test for cancer. 

Choosing spots sounds easier than it was; the spot that was “the same” on 

several gels, that is, was caused by the same protein could look different on 

different gels and might be in slightly different positions. Accordingly, identi-

28 Apart from being smaller, the test gels were done in exactly the same way.
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fying spots as the same was a part of choosing which ones to analyze. This 

was done by repeatedly comparing details of several gels to each other, taking 

into consideration the relative position of spots to other spots, finally choosing 

one of the gels as a reference gel to which the others were compared. This gel 

was chosen for its averageness, which made it useful as a reference point for 

identifying and comparing spots.

At the laboratory which specialized on protein identification, a large part of 

this was done by computer, but the computer’s work was always supervised 

and checked by one or, more often, several staff members who usually spent 

many hours matching spots manually  and adjusting the computer’s  mark-

ings. The staff did not really feel comfortable with this task; I often heard them 

complain that manually matching and choosing spots felt very “arbitrary” to 

them and that, ideally, they wished for a computer program to do this work. 

Working together on this task was a way of navigating this arbitrariness by 

sharing decisions between several people and thus taking at least a part of the 

individuality out of these decisions. 

The marked protein spots were then cut out of the gels, divided (in terms of 

the laboratories, “digested”) into peptides29 by adding an enzyme, and put on 

plates that could be inserted into a mass spectrometer  for analysis.  When 

done by hand, this meant cutting them out with the tip of a pipette (changing 

tips between spots), dropping each cutout into a test tube, adding enzyme to 

them and finally pipetting the end product onto plates, a tedious process that 

took quite a lot of time.

One of the laboratories had a robot interfaced with a computer to do this 

task, which both made work easier for the staff and enabled higher through-

put. The robot, a so-called spot cutter, was familiarly called “the cupboard,” 

and that was exactly what it looked like. It had glass doors that opened to a 

space that housed the robot arm and devices to hold the gel and plate that it 

currently worked on, racks in which to put gels and racks for the plates on 

which the cut and digested spots went. The computer sat on a table beside it; 

it was there that the files with the marked spots were transferred, which told 

the robot which spots to cut. The computer kept track of what the robot did, 

as well as keeping track of which protein spot was transferred to which spot 

on which plate.

In theory, “the cupboard” could be loaded with instructions and a stack of 

gels and left overnight to process them, but, I was informed by the staff, at the 

29 Proteins are composed of peptides, which in turn are composed of amino acids. 
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time I was there, there was some kind of a problem; it often got stuck and in 

practice could not handle more than one or two gels at a time. Accordingly, 

while they were working on solving the problem, they did not load it with too 

many gels at a time. 

The plates on which the protein spots were transferred, which were metal 

rectangles about half the size of the palm of a hand, were then put into a 

mass spectrometer which measured the molecular weights of the peptides in 

each spot and turned out a graph. Ideally, this graph should contain a few 

sharp peaks against a low baseline, which was indicative of a high signal to 

noise ratio. The graph showed molecular weight on one axis and amount on 

the other; a sharp peak meant a lot of peptides with the same weight.

The molecular  weights  that  a computer  extracted  from the graphs were 

then compared against two databases. The software used, which could be ad-

justed by changing parameters and filters, came up with several suggestions 

on which protein the peptides in every spot might have constituted, including 

the suggestions’ probabilities. 

As with the marking of the gels, the computer’s work was checked by a 

staff member. Sometimes the computer matched the same molecular weights 

to different proteins in the two databases, calling for a decision about which of 

them was the right one or whether the spot was to be regarded as useless; a 

similar  decision  had  to  be  made  when  several  proteins  matched  the  spot 

equally well. 

In these cases, the staff relied on additional information such as the pro-

tein’s  position  on the  gel  it  was cut  from,30 or  the  origin  of  the  supposed 

match. If, for example, the computer had matched a spot to a protein found 

only in mice but the sample came from a human, the match was discarded as 

improbable and obviously a mistake in matching.31 

The final result of this protein identification was thus lists of proteins that 

could be compared in order to look for patterns, such as in which way pro-

30 The dimension that separated according to size contained references; bits of known 
sizes that were run alongside the sample. They formed a sort of ladder on one side, 
and, as the bands’ thickness and spacing formed a recognizable pattern, it was pos-
sible to identify the band that represented a certain size (the references came with 
that pattern, specifying which size was represented by which band) and thus to es-
timate the size of a protein according to its position relative to the references.

31 The opposite could be more significant, indicating contamination by laboratory staff 
somewhere along the line; in fact, it sometimes happened that human skin and hair 
protein was found. While this pointed to contamination, the laboratory staff  ex-
plained to me, it was almost impossible to prevent, unless they used clean rooms. 
This would mean a lot of effort;  and it was easier to simply exclude this protein 
from the data, as they knew where it came from. 
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teins in the blood of cancer patients differed from those taken from healthy 

people.  For  statistical  analysis,  for  which  high  throughput  was  almost  re-

quired in order to be able to analyze and compare a significant number of 

samples,  these  patterns  were  often  made  visible  with  computer-generated 

graphs or charts, especially for publication. 

As using the machines required familiarity with them as well as specialist 

knowledge, protein identification usually involved several people. In the labo-

ratory where the work was done mostly by hand, the person doing the analy-

sis did all the work by herself, up to preparing the samples for the mass spec-

trometer. These were then handed over to the person in charge of the mass 

spectrometer  (apparently  shared  by  several  laboratories)  who  ran  them 

through the machine and sent the results back. 

In the more specialized laboratory, aiming for high throughput had led to 

automation,  which meant  more  machines,  and more complex  ones.  There, 

analysis was done by the same person, either a resident doctoral or postdoc-

toral student or a visiting researcher, who was helped to varying degrees by 

the research engineers specialized in the different steps of the analysis. This 

meant that someone would receive help and advice from one research engi-

neer when doing gels, from another when using the mass spectrometer, and a 

third when searching the protein databases. 

Expression Analysis

So-called expression analysis worked with RNA instead of proteins and had a 

different objective. It was used when trying to find out which genes were ac-

tive in an organism at the time a sample was taken from it. Most of the sam-

ples came from rats or mice, but a few came from humans, and even fewer 

from certain species of plant or fish. The samples, a few drops of liquid in very 

small test tubes, contained RNA. A photograph of the RNA run on a gel was 

sent with them to the technology platform as an indicator of the RNA’s quality. 

All of the samples in the same batch were always prepared and analyzed by 

the same staff member. This person first turned the RNA into DNA, amplified 

the DNA, that is, replicated and re-replicated the DNA numerous times in or-

der to increase the amount, and then turned the DNA into a certain kind of 

RNA, labeled with a fluorescent probe that was built into the RNA when it was 

transcribed. Lastly, the RNA was broken into smaller fragments in order to fa-
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cilitate analysis. 

Preparing the samples was achieved by adding reagents, like for example 

enzymes, that mimicked the transcription processes in cells; in between these 

reactions  that  sometimes  required  several  hours  of  incubation,  sometimes 

just minutes, their waste products had to be removed. The parts of this prepa-

ration process that were visible to an observer included staff members sitting 

or standing at their laboratory benches, pipetting minute amounts of liquids 

into or out of small test tubes, and changing pipette tips between each sample 

so  as  to  avoid  cross-contamination.  In  between  these  bouts  of  laboratory 

work, which could take any amount of time between a few minutes and sever-

al hours, the samples were centrifuged or incubated for prescribed periods af-

ter which preparation continued. Here, too, timers were ubiquitous. 

The preparation process sometimes required using new tubes, for example 

when only using part of each sample or when filtrating, and so the staff also 

spent quite some time labeling test tubes, which they usually did while the 

samples were being centrifuged or incubating. 

As RNA was regarded as rather fragile, the staff took care not to expose the 

samples to too much heat or to the wrong reagents. They were also very care-

ful not to contaminate the samples with DNA or RNA from themselves, other 

samples, or the laboratory. Since there were rather small amounts of RNA in 

the samples at the beginning, which then were increased by amplifying, con-

taminations might end up as a relatively large portion of the samples when 

they were to be analyzed, and possibly influence the results. Like with the 

protein  gels,  there  was  also  the  risk  of  seemingly  small  mistakes  causing 

problems later on, which was why the staff worked carefully and painstakingly 

in order to avoid mistakes. 

Preparing the samples took the best part of a working week. In order to be 

able to follow the samples’ progress, small samples were taken from them af-

ter the completion of certain steps as well as when they were finished. After 

the preparation process was finished, these samples were run on a gel in or-

der to check whether all reactions had taken place correctly and if the RNA’s 

quality was good enough for analysis. The staff also carefully made sure that 

the concentration in the samples was sufficient, measuring each sample sev-

eral times.

If they were satisfied with the RNA, that is, if the gel showed distinctly sep-

arated bands and the concentration was correct, the samples were injected 

into  so-called  gene  chips.  These  chips  were  essentially  a  small  surface  of 
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about one square centimeter each, encased in a plastic hollow the size of half 

the palm of one’s hand. This surface had a covering that corresponded to the 

RNA of a certain species. There were different chips for each species as genes 

differ from species to species, allowing for the RNA in the samples to attach it-

self. Using the image of the ladder employed to illustrate DNA and RNA, the 

surface could be said to be covered in half ladders; the half ladders of the RNA 

thus attached themselves to those that formed a corresponding sequence. 

After the RNA had attached itself to the chip, the remains of the sample 

were rinsed off with a buffer fluid, the chip surface was stained, and the chip 

was scanned into a computer file. The rinsing and staining was done by a ma-

chine acquired as a package from the same company that also provided the 

chips and the computer software. While this was work that could be done by 

hand, the machine made it possible to treat more chips at the same time, 

thus making work easier for the staff as well as increasing throughput. It also 

freed the staff to do other tasks, and they only went to check on it occasional-

ly in order to make sure that it did not run out of rinsing fluid and that the 

container for waste fluid did not spill over. 

After rinsing and staining, the chips were scanned, which took about ten 

minutes for each chip. Usually, the staff member who had prepared the sam-

ples sat and watched the first scan slowly appear on the computer screen. 

This was the most exciting moment of the preparation and analysis process, 

one of them told me as we watched the image being built up line by line. Now 

they would find out whether everything had turned out all right. The image on 

the screen was a square (the surface of the chip) composed of innumerable 

dots in different hues of gray, each spot representing a gene. The more RNA 

sequences that had attached themselves to the spot, the brighter it was; in 

other words, the brightness indicated each gene’s degree of activity.

The remaining scans were left to themselves, with the staff member check-

ing on them occasionally and putting the next chip in the scanner. It was 

usual for the other staff members to drift in, to have a look and comment on 

the  images.  It  did  not  take  long  for  the  group  to  form an  opinion  about 

whether the current batch of samples had turned out “nice” or not. 

When all the scans in one batch were done, the staff member sat down in 

front of the computer and looked more closely at each of them, checking for 

possible problems like faults in the chip or dirt on its surface. Both seemed to 

occur quite rarely. There was one chip during the time I was there that ap-

peared to have been damaged in production, something which ensued long 
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negotiations  about  a replacement  with  the  manufacturer.  To me,  the  staff 

commented on the inconveniences caused by this. They were concerned by 

the loss of data the damaged chip might cause or, if they could manage to 

convince the manufacturer to replace the chip (which they eventually did), the 

variation it introduced into the analysis. Having to do the work on the affected 

sample all over again would mean that not all of the samples from the same 

batch were going to be treated exactly alike. Fortunately, they said, problems 

like this almost never occurred.

The staff routinely checked for dust or lint on the scans, making sure that 

what looked like curved lines on many scans were random patterns rather 

than fibers. It seemed that they did not often find dirt; when I asked a re-

search engineer whether dirt could be rinsed off – which very obviously was 

the wrong question to ask – she firmly told me that there was not supposed to 

be any dirt in the samples. Later, I realized that there was not supposed to be 

any dirt because the staff took care that there was none, and that my ques-

tion had insulted her, because it questioned her competence and skill. Appar-

ently, dirt was more a theoretical possibility than a common problem. What 

did occur occasionally were  air bubbles  in the buffer  fluid enclosed in the 

chip, and these the staff tried to remove or at least push to the side or into a 

corner where they would not cause data loss. This was done by manually re-

moving and replacing the buffer a few times. 

When the scans were complete and judged to be satisfactory, the intensity 

of each dot was translated into numbers by the computer, and usually the re-

search group that had sent in the samples was contacted and told that their 

samples were finished and whether the data looked good. 

After that, the images and numbers were turned over to a staff member 

specialized in bioinformatics, who turned them into charts and graphs as a 

first step of data analysis. This was meant as a help for the research groups in 

evaluating the data and looking for patterns. 

SNP Analysis

SNP (single nucleotide polymorphism) analysis does not work very differently 

from expression analysis, even though it works with DNA and is aimed at an-

swering different questions. An SNP is a mutation in one nucleotide (three nu-

cleotides  make a  codon), apparently a rather common occurrence which in 
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most cases does not mean anything more than a variation between individu-

als. Some SNPs, however, are linked to diseases, and this is where SNP analy-

sis becomes important. By genotyping a large number of SNPs and statistical-

ly analyzing them, more of these links can be found. The goal is to be able to 

use SNPs in medical care of the future for diagnosing diseases or identifying 

patients at risk. 

SNP analysis worked similarly to expression analysis in the respect that 

chips were used. The samples that were to be analyzed contained DNA (not 

RNA as in expression analysis), and again they had to be carefully protected 

from contamination.  This DNA was first  amplified,  then,  after  the reagents 

needed for the amplification had been removed, “eaten up” by other reagents 

as the staff put it, tags were attached to it. Based on the principle that com-

plementary base pairs of half-strings of DNA will attach to each other, it was 

possible to design pieces that would fit to exactly the combination of bases 

one was looking for. These tags consisted of such bits of DNA, connected with 

a marker, often a fluorescent one. There was one staff member who designed 

these tags, tailoring them for each project.

After that, the samples were applied to the DNA chips, also called microar-

rays. These chips or arrays were glass slides, much like the ones that usually 

hold samples under a microscope. They arrived as blank slides in the labora-

tory and had one side treated so as to facilitate the attachment of substances. 

A robot was used to set small spots of liquid on them, in a matrix of five by 

thirteen rows, which after having dried served in much the same way as the 

surface of the gene chips did; the tagged DNA in the samples attached itself to 

complement pieces fixed to the glass. 

As the spots of liquid were very small and it was very important that they 

were set in neat rows (otherwise they became very difficult to scan later on), 

the work was done by a robot. This machine was a sort of robot arm, set into a 

glass cupboard. While it was working, the inside of the cupboard was kept at 

a certain temperature and humidity to make sure that the spots dried evenly. 

The robot itself had to be adjusted continuously and very carefully in order for 

the rows of spots to become neat and straight. 

After the spots had dried, the slides’ treated sides were covered with sili-

cone masks, just a few millimeters thick, that left only the spots free, making 

wells over them. Placing these masks was fiddly work, showing that research 

“is a craft,” as one staff member put it. The holes had to be placed exactly 

right, so that no part of the spots (they were still faintly visible after they had 
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dried) was covered, as covering them would mean data loss. 

Then the samples were pipetted into the wells, the slide covered with an-

other, and left for the reaction to take place. After several hours, the silicone 

was peeled off and the slides rinsed,  most  of  this by hand. After  that, the 

slides were dried and, finally, scanned into computer files.

The images created by this analysis were rows of differently colored and 

hued dots – the spots that had been set onto the slides and to which the 

tagged DNA had attached itself – against a dark background. The spots could 

be enlarged to make it possible to see that the spots themselves were com-

posed of rows and rows of even tinier spots. 

As with scanning gels (and probably scanning gene chips, as well, though I 

never heard the staff speak about it), the intensity of the scan had to be ad-

justed. Scanning with too high a sensitivity meant that, while weaker signals 

were  enhanced  and  became  more  visible,  the  stronger  ones  became  very 

strong; besides, one might pick up noise from the background. Lower sensi-

tivity  held  the  risk of  missing  weaker  signals.  Accordingly,  the  staff  spent 

quite some time and effort on choosing the level of sensitivity, especially those 

staff members who were still learning how to do this analysis. 

These  images were  then analyzed  with  the  help of  a computer,  turning 

them into graphs and charts in order to make patterns visible. The SNP analy-

ses I saw done were performed within the framework of quantitative research 

searching for statistical links. As statistical analysis requires a large number 

of samples in order to be significant, high throughput and consequently large 

amounts of  data were  a requirement,  which was what the staff  constantly 

worked on to increase. 

Performing Analyses

In summary, as the first step of transforming samples into data, the laborato-

ry staff created so-called raw data (raw because they were perceived as coming 

straight from the instruments and not having been treated in any way yet) 

with the help of machines, such as the mass spectrometer in protein identifi-

cation or the scanners in expression or SNP analysis. These machines were 

specialized on the analysis they performed, yielding a certain output – usually 

images or graphs – and requiring a certain input. 
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While different kinds of analyses required different preparations and gener-

ated different types of raw data, the principle was the same for all of them: Af-

ter the samples had been prepared, that is, put into a form accepted by the 

machine that performed the analysis, they were “run” on the machine. This 

analysis produced the raw data. Later, these would be transformed into data, 

for example in the form of columns upon columns of numbers. 

Turning samples into raw data is the translation from the material to the 

symbolic realm Barley and Bechky discuss. They argue that technicians bro-

ker between the material and symbolic realms by, on the one hand, trans-

forming material entities into representations and, on the other hand, using 

theories  and information from the symbolic  realm to take care  of  material 

things like machines or cell cultures. This makes it possible for the scientists 

that the technicians’ work supplies to move exclusively within the symbolic 

realm of data and theories (Barley and Bechky 1994: 89ff). This division of 

work, Barley argues, also means that technicians have specialized knowledge 

and skills, “contextual knowledge” in his words, with which they accomplish 

this brokering (Barley 1996: 418ff). 

I found the division of work more fluid in terms of belonging to the material 

and symbolic realms in the laboratories I visited than it seems to be in his 

material. However, the analyses of samples I described in this chapter were 

such translations from the material to the symbolic realm. The staff also en-

gaged in caretaking, both of samples and of machines. The types of knowledge 

and skill that Barley describes can also be found in these laboratory practices. 

One of the components of Barley’s contextual knowledge is what he calls 

“adherence  to  a work style,”  which he understands as  knowing  where  the 

work’s particular difficulties and sources of mistakes are and guarding against 

them (Barley 1996: 426f). This adherence permeated the laboratory practices I 

observed in everything, from painstakingly numbering test tubes to prevent-

ing contamination to constantly guarding against possible mistakes. Barley 

describes this work style as having “the moral force of a code of conduct” (Bar-

ley 1996: 426). He does not say whether he understands this code as limited 

to the particular workplace, but in the laboratories I studied, the norms and 

ideals making up this “code of conduct”  certainly were  linked to larger re-

search communities, as discussed in the previous chapter. 

In the laboratories, there were also examples of what Barley calls “sensory-

motor skills” (Barley 1996: 426), a rather tactile skill, such as the knack of 

making gels in the laboratories I visited. The skill  required for turning raw 
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data into data, that is, for interpreting raw data, is rather similar to what is 

called “semiotic knowledge” by Barley. He characterizes this component of his 

notion of contextual knowledge as “the ability to make sense of subtle differ-

ences” in materials, machines, and patterns (Barley 1996: 425f). This ability 

was also used in the laboratories in order to take care and use machines. 

The ubiquitousness of the knowledge and skills that can be understood as 

part of Barley’s contextual knowledge point to not only the importance of suc-

ceeding in mediating between the material and the symbolic in order to attain 

valid data, it also suggests that success is not self-evidently certain. 

At least in the laboratories I visited, the staff did not take this success for 

granted; quite the opposite, how to succeed at making valid data was an im-

portant issue. This precariousness of success permeated the laboratory prac-

tices I observed, becoming visible in for example the painstaking making of 

gels for separating proteins, the caution in preventing contamination and de-

generation of samples, and the careful consideration of a number of factors in 

deciding whether spots on different protein gels were the same. The following 

part will  address these  laboratory practices of  attaining success in making 

valid data in accordance with the research community’s norms and ideals. 

84



PART III
Making Valid Data





MAKING VALID DATA

5 Creating Raw Data from Samples: 
Battling Uncertainty

As discussed in the previous part, the laboratory staff in the different labora-

tories I visited did not transform samples simply into data but into valid data. 

Their concept of valid data was formed within the context of a research com-

munity’s norms and ideals of good science. 

In this part, I will analyze the laboratory practices the staff employed in or-

der to attain this valid data when analyzing samples. In this chapter, I will 

discuss  battling  uncertainty  as a central  aspect  of  creating  raw data from 

samples and show how the staff decreased the uncertainty that jeopardized 

their success. Uncertainty came from different sources. I will show that it was 

perceived as inherent in working with biological material, with the invisibility 

of reactions taking place and the novelty of both preparation processes and 

machines contributing to this inherent uncertainty. The laboratory staff bat-

tled this uncertainty with the help of a professional skill repertoire, a reper-

toire  that  encompassed  elements  such  as  closely  monitoring  the  samples, 

knowing when to exact extreme caution, pooling experience and skill into col-

lective decisions, and using machines. 

The following chapter will then discuss how the staff interpreted this raw 

data, transforming it into data. In order for the data they made to be valid, it 

was important that this interpretation be objective. 

Making It Work 

In laboratory studies, successful laboratory work is sometimes called “making 

it work” (see, for example, Lynch 1985a; Knorr-Cetina 1981) and described as 

a source of professional pride. The expression is taken from laboratory talk 

encountered in the laboratories they studied. 

Michael Lynch describes making it work as succeeding with laboratory ex-

periments. In scientific education, this means achieving a correct result. How-

ever, in research that strives for new discoveries, he argues, an experiment’s 
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result cannot be checked against a right answer, and thus making it  work 

means most of all systematically identifying possible sources of failure in the 

experiment (Lynch 1985a: 113ff).

Similarly, Karin Knorr-Cetina depicts making it work as success at produc-

ing results, often in anticipation of future criticism. In her discussion of mak-

ing it work, she contrasts success with truth: “If there is a principle which 

seems to govern laboratory action, it is the scientists’ concern with making 

things ‘work,’” pursued at the expense of “the distant ideal of truth which is 

never quite attained” (Knorr-Cetina 1981: 4). 

In both their studies, making it work thus seems to be a very practically 

oriented  notion,  concerned  more  with  succeeding  at  producing  results,  in 

Lynch’s case in the form of systematically preventing failure, than with truth, 

which may be quite  elusive,  as the correct  answer cannot be known. This 

seems quite similar to valid data being defined as reproducible data in the 

laboratories I visited, because reproducibility can be tested. 

Battling Uncertainty

There is an element, however, that I found to be central in laboratory prac-

tices of making it work and that neither Knorr-Cetina nor Lynch touch upon 

in their discussions. This element is the laboratory staff’s concern with uncer-

tainty. In the laboratories I visited, making raw data revolved around decreas-

ing  the  uncertainty  which  the  process  was  perceived  as  fraught  with  and 

which jeopardized its results. The staff did not explicitly express it that way, 

but they were very aware of and concerned with this uncertainty, and their 

practices of making raw data were to a large extent practices of decreasing 

uncertainty. This means that at least in these laboratories, battling uncertain-

ty was a large part of making it work.

Raw data constitute the first step in the production of data, and in this 

way, concern for the validity of the data also influenced laboratory practices of 

making raw data. Preparing the samples was perceived as fraught with uncer-

tainty, both inherent in laboratory work in general and the processes in par-

ticular, but uncertainty in producing raw data might mean that results were 

not reproducible, which would make the data it was subsequently turned into 

quite worthless. 
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Accordingly, making raw data meant most of all battling that uncertainty, 

decreasing it as much and as efficiently as possible. While battling uncertain-

ty might be understood as a form of making it work, I think it is more than 

that. Making it work, as discussed by Lynch and Knorr-Cetina, seems to be a 

concept associated with immediate success or failure. However, in the labora-

tory staff’s battle with uncertainty, there were forewarnings of success or fail-

ure during the processes at most, but the staff could never be sure of their 

success. 

Sources of Uncertainty

There were several factors that contributed uncertainty. One of them was per-

ceived by the staff as being inherent in the material obtained from living or-

ganisms that the samples consisted of, for example blood, other body fluids, 

or tissue. As the staff frequently mentioned, this biological material did not al-

ways react predictably, and so the outcome might turn out to be not at all 

what one expected, and one could not always know why. This meant that one 

could  not  take  for  granted  that  processing  the  samples  would  proceed 

smoothly.  The  samples  were  supposed  to  react  in  a  certain  way  to  the 

reagents added to them, but there was the possibility, however remote, that 

they would not. 

This was not helped by the fact that most reactions that took place in the 

test tubes were invisible. The samples as well as most reagents were clear, 

colorless  liquids  (to  my untrained  eye,  they  looked  exactly  like  water),  al-

though some of the reagents were more viscous than others, the staff told me. 

Adding reagents to the samples mostly appeared to result only in a slight in-

crease in the volume of clear, colorless liquid in the test tubes. This meant 

that the staff worked without being able to monitor what results they were 

achieving. Combined with the unpredictability of biological material, this im-

plied that they could not tell whether the expected reaction had taken place or 

not. 

Another factor contributing uncertainty was the novelty of both processes 

and machines. Unlike older ones, they were less tried and tested. They added 

the risk of as yet undetected bugs or not yet completely fine-tuned functions. 

Uncertainty was thus introduced into the platforms’ work by three main 

factors: the unpredictability of biological material; the invisibility of the results 
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of one’s work; and the novelty of processes and machines. Additionally, there 

was the ever-present risk of someone inadvertently making a mistake. 

This meant that the staff could never be perfectly sure of what went on in 

the  test  tubes  they  were  working  with,  and uncertainty  threatened  repro-

ducibility. If one did not know for certain how a result has been achieved, it 

became very difficult, if not impossible, to reproduce it with any kind of accu-

racy. Apart from that, mistakes, malfunctions, or failed reactions meant that 

the staff  would have  to  spend additional  time and material  on finding out 

what was wrong and repairing the problem. If, even worse, these mistakes, 

malfunctions, or failed reactions should go unnoticed, they might change the 

results of the analysis and thus lead to faulty as well as, in all likelihood, irre-

producible data, which in turn would probably lead to faulty conclusions. 

There were several ways of battling this uncertainty that the staff employed 

in different situations. One was closely monitoring samples, another was do-

ing things “to be on the safe side,” as the staff at one of the technology plat-

forms put it, yet another was making collective interpretations. A fourth was 

using machines. 

Monitoring Samples

The samples’ progress could be monitored in different ways, and the staff did 

so as much as possible. If there was DNA or RNA in the test tubes, for exam-

ple, it could be made ‘visible’ by running it on a gel. The staff could and did 

check on the samples’ quality and progress like this, producing images which 

did not yield straightforward answers, but had to be interpreted. The draw-

back of these tests was their cost in laboratory material and staff time. It was 

therefore not efficient to check after every step if the expected reaction really 

had taken place, putting the sample preparation on hold while waiting at least 

a few hours for the result, especially as the expected reactions quite usually 

did  take  place.  Besides,  testing  a  sample  meant  taking  a  (however  small) 

amount away from it, and often there was not very much material to start 

with. So, instead of frequent testing, the staff took small samples from every 

test tube at crucial points of the process. These were stored until the prepara-

tion process was finished and then tested all at once, saving the staff the ef-

fort of going through the testing process over and over again. In case of some-

thing having gone wrong, they could still find out at which stage of the pro-
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cess it had done so, especially in connection with the meticulous notes with 

which they documented the laboratory work. 

Still, as the whole preparation process took several days to complete, there 

was a possibility that something had gone wrong at the very beginning, which 

left the person working on the samples possibly wasting her time as well as 

expensive reagents. In this way, monitoring could help battle uncertainty, but 

it could not eliminate it. 

Being on the Safe Side

A major tendency I could see in laboratory work was that a desire “to be on 

the safe side” and acting with extreme caution pervaded almost every aspect 

of work. As long as one stayed on the safe side, the staff seemed to feel there 

was a good chance of making it work, of obtaining the desired results. 

Things that kept one on the safe side were, for example, using a fresh bot-

tle of enzyme when in doubt about the currently used one’s age rather than 

taking the risk that the enzyme had spoiled with time and did not work prop-

erly any more. One might also store samples in temperatures lower than actu-

ally  required,  as  lower  temperatures  generally  were  considered  safer  than 

higher ones. 

At first glance, this seems rather simple; after all, anyone can open new 

bottles and store things in the coldest freezer available. On closer inspection, 

a more complicated picture emerges. It was important to know the difference 

between necessary and wasteful caution. The samples were considered more 

sensitive and susceptible to damage at certain stages rather than at others. 

As skilled professionals, the staff could distinguish between situations when it 

was advisable to be very cautious and situations when extreme accuracy was 

not really required and would only have wasted time and resources, or made 

work unnecessarily difficult. Thus, throwing out a bottle of doubtful enzyme 

meant being wisely cautious, but to open a new bottle every time one had to 

use a reagent would have been wasteful and not a professional thing to do. 

Similarly, RNA was considered very sensitive, whereas DNA was considered 

quite  stable;  accordingly,  RNA  was  kept  refrigerated  or  at  least  cooled  as 

much as possible, whereas DNA sometimes was heated to facilitate its solu-

tion. 

Staying on the safe side also meant that new machines were not readily 
91



5 CREATING RAW DATA FROM SAMPLES: BATTLING UNCERTAINTY

trusted. At one of the technology platforms, the staff were working on improv-

ing the processes they used, which included trying out different makes of ma-

chines that they considered buying. This meant processing samples that al-

ready had been processed in a way that was known to work a second time, 

using the machine that was not yet trusted to deliver reliable results, so that 

outcomes could be compared. 

Making sure that one was on the safe side could go even further. An exam-

ple was doing things that were known to have worked before, even though it 

was not known exactly why or how this was so. Sometimes one might not 

even know whether these actions had any positive effect at all, but they were 

done anyway, because good results had been obtained with them in the past.

Kathleen Jordan and Michael Lynch, who studied molecular biologists, re-

fer to doing things in a certain way because they have worked before as “ritu-

alization” (Jordan and Lynch 1992). The scientists they worked with associat-

ed these concepts with ignorance: “They understood both ‘ritual’ and ‘super-

stition’ to mean practices or steps in a task which reflected incomplete knowl-

edge of the procedure” (Jordan and Lynch 1992: 92). 

According to Jordan and Lynch, the scientists sometimes did things that 

the scientists themselves felt were probably unnecessary from what they saw 

as a rational point of view but which they were reluctant to discard, as there 

had been satisfying results with them before. It seems that researchers tended 

to perform a procedure quite rigidly in the way that had worked before, re-

gardless of whether  the steps involved  could be justified  with scientifically 

valid arguments or not, in this way ritualizing it. Jordan and Lynch attribute 

this mainly to “a kind of practical conservatism” (Jordan and Lynch 1992: 93): 

if something has worked before, there is no need to change it. Additionally, if 

safety measures have been shown to be redundant, researchers may not be-

lieve these claims if they do not trust the person making them, or they may 

still use these familiar precautions, feeling safer that way (Jordan and Lynch 

1992: 93). 

In another study by Lynch, his interviewees used the concept – here called 

“superstitions” – retrospectively as well. In this case, it denoted procedures or 

elements that had initially been thought to be necessary and had been em-

ployed until it was shown that they were not (Lynch 1985a: 108). 

Ritualization and superstitions seem to be closely connected to knowledge. 

As one’s knowledge and understanding change over time, the line  between 

safety precautions and rituals and superstitions shifts. What may seem as a 
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safety precaution when doing a rather unfamiliar task may seem superstitious 

in retrospection once one has acquired a different understanding of the task. 

It seems from what I saw in the laboratories that measures taken to stay 

on the safe side tended to become exaggerated (and perceived by the persons 

taking them as probably  unnecessary and superstitious)  when  uncertainty 

was accompanied  by unsatisfactory  knowledge  or understanding.  As noted 

above, it was important to be able to distinguish between situations when ex-

treme caution and accuracy are called for and those when they are not. When 

knowledge and understanding of what one is working with are imperfect, one 

cannot know whether the precautions one is taking are necessary or not. All 

one knows is that they have worked before. 

The risk of having incomplete knowledge is greater when working with new 

techniques that are still being developed. Some technology platforms worked 

with machines and processes that had come in a ready-to-use package, but 

they were not yet sufficiently black-boxed to work effortlessly and for anyone. 

Black-boxing, a term coined by Latour, means that how a theory, a process, or 

a machine works has been so widely accepted that its inner workings are no 

longer interesting or important; the only thing that is interesting and impor-

tant is what can be done with it (Latour 1987: 2f). An example from molecular 

biology is the double helix shape of DNA and the connection between DNA, 

RNA and proteins that I described in the previous part. While these were a 

matter of scientific debate in the past, today they are established as knowl-

edge, and researchers can base their work on them instead of having to argue 

for them each and every time. 

The machines and processes that these technology platforms worked with 

were black-boxed enough to be manufactured and marketed as a package; the 

research  they  were  based  on  was  sufficiently  accepted  and established  as 

knowledge for them to be used as tools. Their inner workings, though, were 

still  interesting  to  know  when  one  wanted  to  make  the  analysis  proceed 

smoothly and successfully;  they still  required a certain degree of attention. 

For example, the protocols for the preparation process provided by the pack-

age’s supplier listed certain brands of an enzyme that had turned out to work 

in certain steps as well as other brands that had not, stating that the reason 

for this  difference  was not  known.  The staff  adhered to  the list,  using the 

brands that were reported to work, because that was the way to success with 

the preparation process, even though they were not sure why. 

Being on the safe side was very much about identifying possible risks and 
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judging what would be a risk and what would not, a judgment that required 

skill and experience. Exposing the samples to risks might lead to additional 

time and reagents spent on them, or to lost or, in the worst case, faulty data. 

Making Collective Interpretations

Another  way of  decreasing  uncertainty  was collectively  to  interpret  images 

that called for a decision and thus pool experience and expertise, something 

that stood in contrast to how the staff usually worked.

Generally, the staff in the laboratories I visited worked by themselves or on 

their own parts of bigger projects. Usually one and the same person handled a 

batch of samples through all the steps of the preparation process. When in 

doubt, she might ask her colleagues for advice or invite them to take a look, 

especially when they were more experienced than herself, but it was very rare 

for someone to work on another person’s samples. In only one of the laborato-

ries did the staff experiment on working together on a big project; they said it 

was very difficult for them to get used to it and that they never would have 

imagined the extent of communication required for sharing work in a way that 

was so new and unfamiliar to them.

It seems that the skill of making it work was regarded as a highly personal 

one. This is apparent in how the staff usually worked, in the status it con-

ferred, as well as in the practice of sending people to laboratories renowned 

for being good at certain procedures in order for them to learn those proce-

dures and subsequently bring them back to their own group. Researchers be-

come storage vessels for experience as well as, in a way, laboratory instru-

ments (see Knorr-Cetina et al. 1988: 96ff). 

Procedures around the images created in the course of making raw data 

were different. They were most often a result of quality testing of DNA or RNA 

with gels, awaited with anticipation and eagerly shown to and discussed by 

the whole staff. Apparently, this is quite a common phenomenon in laboratory 

research (see Knorr-Cetina and Amann 1990: 260ff; Knorr-Cetina et al. 1988: 

93ff). Not surprisingly, “nice” pictures, that is, pictures that indicated DNA or 

RNA of high quality or foreshadowed clear results for the whole process, were 

displayed and discussed with pride. They were proof of success at making it 

work. Conversely, not so nice pictures were displayed much less eagerly, and 

“bad” ones could ruin a researcher’s day as much as “nice” ones could make 
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it. 

When  discussing  these  images  and  collectively  making  decisions  based 

upon them, the laboratory staff pooled their resources, minimizing the risk of 

making a wrong decision. This could be seen quite clearly when images re-

sulting from the quality tests at the end of the preparation process were dis-

cussed. 

These images were photographs showing ladders of dark and light bands, 

much as in DNA fingerprinting.  They were  obtained by making samples  of 

DNA or RNA stained with fluorescent dye travel through a gel and then pho-

tographing the result. The bands represented clusters of differently sized bits 

of DNA or RNA and the empty spaces in between. As the biggest pieces were 

assumed to travel more slowly than the smaller ones, the bands furthest away 

from the  source  represented  the  smallest  bits  and the  ones  closest  to  the 

source the biggest pieces.32 In ideal cases, these bands would be very distinct 

and numerous, indicating a variety of sizes. However, the images did not al-

ways turn out like that. Occasionally, images could be a little smudgy or indi-

cate quite a lot of small pieces, both less than ideal results to proceed with, as 

they suggested lower quality or material degeneration. 

The decision that then had to be made was whether the samples were good 

enough to proceed with or whether it would be better to repeat the prepara-

tion process in the hope of obtaining better quality. This decision was reached 

through a discussion with several laboratory members. As Knorr-Cetina and 

Amann put it, such discussions follow 

“a  script  made up of  congeries  of  visual  and experiential  meanings,  of 
scenes in mind and pictures on file, that are derived from laboratory activi-
ties,  disciplinary  exchange,  and  education”  (Knorr-Cetina  and  Amann 
1990: 263). 

In the laboratories I visited, the person who had prepared the samples and 

taken the photographs would show her pictures to her colleagues, and every-

one present would volunteer their opinion of what they thought the pictures 

meant.  Images  could  be  quite  unambiguous,  eliciting  only  a  few  remarks 

about how nice they were, with the staff agreeing that the samples in all prob-

ability would yield equally nice results. This kind of discussion would, for ex-

ample, be closed with someone observing that this particular research group 

usually submitted samples of high quality. 

Smudgy images on the other hand, suggestive of low quality samples and 

32 See chapter 4 for a detailed description of this process.
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implying a possibility of lower quality results, gave rise to longer discussions. 

Suggestions would be made as to what might have caused the smudginess, 

someone would remark on the research group’s reputation of submitting high 

or low quality samples, other staff members might talk about past images that 

had looked as smudgy (or even smudgier) and still had led to good results, or, 

conversely, of similar (or even better) images that had ended in disappoint-

ment. 

Dialogue and discussion form an integral part of laboratory research prac-

tice,  their  importance equaling that of  other  laboratory implements  (Knorr-

Cetina et al. 1988: 96ff). This is what Michael Lynch, who studied scientists’ 

talk in a laboratory – especially when they talked about what they were doing 

and seeing – calls “talking science.” Not limited to verbal discourse, he argues, 

talking science is an integral part of scientific collaboration, as it is in this way 

that  interpretations  (and subsequently  discoveries  or  facts)  are  established 

from more or less ambiguous data (Lynch 1985a: 155). 

It seems to me, though, that Lynch’s concept of talking science does not 

take into account that these discussions do more than establish interpreta-

tions from ambiguous images. From what I saw in the laboratories, the dis-

cussions gave access to more experience, knowledge, and skill than would be 

at an individual researcher’s disposal. They also gave access to a wide range 

of events and images that lay outside of the current experiment and image, as 

for example similar images that staff members had seen. 

The laboratory staff did not only talk science when they established inter-

pretations collectively. By looking at the images and establishing interpreta-

tions through talking about them, the staff used themselves as instruments, 

seeing and connecting what they saw to images and events stored in their 

memories. Discussing images and interpretations meant using all the instru-

ments at hand, instead of relying on a single  researcher  to see  everything 

there  was to see  in an image.  Although the laboratory staff’s backgrounds 

probably were quite similar, as they had similar educations and had worked 

in similar environments, collective interpretations meant making the most of 

the resources at hand. Experiences might differ, and diversity of experience 

means a broader knowledge base on which to form decisions. 

The laboratory staff thus tied the interpretation of images to both collective 

and individual experience and memory. The decision was based not on a sin-

gle individual’s judgment but was brought about and confirmed by collective 

dialogue. These discussions were a way to gain access to other group mem-
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bers’ skills and thus a chance to acquire or develop as well as show one’s own 

skill. Apart from that, the discussions when making collective decisions were 

a way of pooling individual skills into a common goal.33 

Using Machines

A third way of battling uncertainty was to delegate routine tasks to machines. 

Compared to human beings, machines, as for example pipetting robots, were 

regarded as better suited to these tasks, because they worked more precisely, 

did not miscount, or become bored or otherwise distracted. They were used in 

order to remove what was called “the human factor;” in the laboratories un-

derstood as the risk of making mistakes. In this way they were used to remove 

a source of uncertainty, at least as long as they worked faultlessly. 

Apart from the issue of precision, machines were  expected to perform a 

task in exactly the same way every time. When preparing samples for analy-

sis, this means that each sample was treated in exactly the same way, reduc-

ing the risk of adding variation and making comparison easier. As one inter-

viewee put it,

“biological variation is high enough, thank you very much, without adding 
any bloody experimental variation on top of it, so that’s the idea, to get ex-
perimental variation down to its minimum.”

In other words, machines were used because they did not introduce the varia-

tion a human being might introduce by, for instance, pipetting slightly varying 

amounts of reagents or shaking test tubes in a slightly different way. Less 

variation means that it  will  be easier to interpret the raw data later on, as 

comparison becomes easier the more similar the images are in hue, coloration 

and contrast. If the samples have been treated in exactly the same way, then 

differences in the raw data can be taken to mean differences in the samples 

and not in how they were prepared.34 

Another  aspect  of  automation  is  the  higher  throughput  that  can  be 

achieved with machines, especially robots. Higher throughput means that one 

33 Julian Orr describes the stories he found field service technicians tell in a similar 
way. By swapping stories about copying machines they repaired, they gave their 
peers access to information and experience they might be able to use in future re-
pairs (Orr 1996: chapter 8).

34 This is one of the reasons why samples of the same batch were usually handled by 
one person and were prepared in parallel. 
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can run one’s samples in duplicate or triplicate without having to decrease 

the number of samples. Duplicates or triplicates make it possible to decide 

when looking at the raw data whether bad results from a sample indicate a 

mistake in processing the sample or that there was something wrong with it 

in the first place. Higher throughput also means being able to run more sam-

ples than one would manage to run by hand, enabling statistics based on a 

much broader foundation and more solid base to draw conclusions from. 

Machines were said to remove or at least reduce the risk of mistakes and 

variation and thus also the uncertainty introduced by the researcher. While 

machines might be regarded as de-skilling laboratory staff – with a pipetting 

robot  for  example  it  becomes  unnecessary  to  develop  the  skill  of  pipetting 

large  numbers  of  samples  quickly  and accurately  –  machines  whose  main 

purpose was to reduce the human factor performed routine tasks that usually 

required purely manual and not very highly valued skills.35 Using these ma-

chines, however, required skills,36 and so did judging which tasks were suit-

able to be delegated to a machine and which were not. 

Balancing Uncertainty and Resources

Making raw data did not only mean producing incontestable data by battling 

uncertainty; it also meant doing so efficiently, avoiding unnecessary costs.

This became clear in how resources were used. While it was fully accept-

able, even advisable, to throw out an old bottle of enzyme in order to be on the 

safe side, opening a new bottle every time one had to use the enzyme would 

not have been. The latter would certainly have kept one on the safe side just 

as well, but when the risk that an enzyme has spoiled is perceived as low, not 

using it will increase costs (as one uses more resources) but not necessarily 

increase certainty. 

The  same  could  be  said  of  smudgy  images.  An  image  that  was  a little 

smudgy but still indicated a high possibility of good results did not warrant a 

staff member devoting new reagents and a few days’ work to trying to obtain 

higher quality in the samples. This would only have incurred high costs with-

out adding much certainty. The samples in question would in all probability 

yield good results, anyway, and there is no end to the safety precautions that 

35 It is entirely possible that these skills did not appear to be highly valued precisely 
because the tasks that required them usually were delegated to machines.

36 I will discuss this further in Chapter 8.
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could be taken in theory. 

The same held for tested and tried machines.  In theory, the staff could 

have processed every sample several times, each time using a different ma-

chine, and then compared the results just to be sure that they were identical. 

Likewise, a machine performing a task could have been supervised to make 

absolutely sure that it did it right. But a line had to be drawn somewhere, 

otherwise the job would never have been finished. 

On the other hand, old bottles of enzyme, machines that are not deemed 

trustworthy, and images that indicate a high possibility of failure are a com-

pletely different story. In these cases, one can reduce uncertainty by utilizing 

more resources, be it reagents or time. 

The line between necessary and unnecessary caution, between being pru-

dent and wasting resources can shift in accordance with knowledge and expe-

rience, as seen in the superstitions and ritualizations described by Lynch and 

Jordan (Jordan and Lynch 1992; Lynch 1985a). What is seen as a necessary 

safety measure today might be a disdained superstition tomorrow. 

Likewise, it is imaginable that the line will shift during the course of a pro-

fessional life. It is reasonable to assume that a researcher who has not yet ac-

quired a wealth of experience draws the line differently from where she will 

draw it after a few more years of experience. In image interpretation, for exam-

ple, it is bound to make a difference whether one is seeing and interpreting 

the first, the twentieth, or the hundredth picture. In the laboratories I visited, 

staff seemed to become more secure with time in making judgments about 

which safety precautions were necessary and which were not. Staff members 

who either were rather new at their jobs or who performed analyses they were 

not yet familiar with tended to be more cautious and seemed to take even 

greater care than others to stay on the safe side and make as sure as possible 

that nothing went wrong. With increasing skill and knowledge, they probably 

decided that some of these safety precautions were necessary and others were 

not. 

Where one draws the line has an effect on the resources one uses: super-

vising a machine takes time, reprocessing samples takes time and material, 

and throwing out half a bottle of enzyme means increasing consumption. Con-

versely, using spoiled enzyme can destroy several days’ work, and repairing a 

mistake like that will consume both time and material.

It follows that uncertainty (and lack of knowledge adds to uncertainty) can 

be  mitigated  by  using  more  resources  such  as  reagents,  time  and shared 
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knowledge. Just how many resources are needed to successfully battle uncer-

tainty and make it work depends on the individual researcher’s skill and ex-

perience. Thus, producing valid data is a work of balancing uncertainty and 

resources with the help of one’s professional skill.

Professional Skill

This professional skill  was rather similar to Barley’s concept of “contextual 

knowledge,” a concept with which he describes technicians’ work as situated 

knowledge, made up of “skills, abilities, and bits of information” (Barley 1996: 

425). Like the skill repertoire I saw in the laboratories, Barley describes com-

ponents of contextual knowledge; for example, in his terms, being on the safe 

side would be called “adherence to a work style,” and the collective interpreta-

tions would be described as “access to distributed knowledge” (Barley 1996: 

426ff). 

Barley connects this contextual knowledge with experience gained by doing 

and describes it as opposed to the formal knowledge acquired through formal 

education. He does not discuss this explicitly, but it seems that he treats this 

contextual knowledge as personal, associated with the individual rather than 

a group, although he describes contextual knowledge as being unevenly dis-

tributed within groups of technicians but still  accessible to group members 

(Barley 1996: 425ff). 

In the laboratories I visited, the staff did not speak about professional skill 

or knowledge but, like the technicians Barley studied, about experience. This 

experience was regarded as a very personal thing, as experience had to be ac-

tively gathered by exposing oneself to practice, that is, by working or by “play-

ing around” with machines and laboratory processes. 

In this respect of being seen as a personal attribute, the staff’s experience 

or, to use Barley’s term, contextual knowledge can be described by a socio-

logical notion of skill that centers on the individual. Paul Attewell, summing 

up and reflecting on sociological discussions on skill, describes skill as “men-

tal and physical proficiency” (Attewell 1990: 423), drawing attention to a dual-

ity of knowledge and physical abilities. To him, what lies at the core of skill is 

“the ability to do things well” (Attewell 1990: 423). He elaborates, 

“Skill is the ability to do something, but the word also connotes a dimen-
sion of  increasing ability.  Thus,  while  skill  is  synonymous with  compe-
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tence, it also evokes images of expertise, mastery, and excellence” (Attewell 
1990: 423; italics in original).

According to him, skill has a connotation of accomplishment and of being de-

sirable, as well as hinting at continuous learning and improvement. Moreover, 

skill is something a person has, either inherently or by acquisition. This con-

cept of skill is not so different from the laboratory staff’s understanding of ex-

perience. 

However, the professional skill I encountered in the laboratories had a col-

lective aspect, as well, an aspect which Barley’s distributed knowledge only 

hints at. In the laboratories I visited, having professional skill or, in laboratory 

terminology, experience made it possible to participate in laboratory practices 

and pursue their aims in a meaningful way as a member of a professional 

community. 

In her discussion of technology’s significance for workers, Boel Berner dis-

cusses this aspect of skill  or, in her terms,  savoir-faire or practical compe-

tence (Berner 1999: chapter 3). Apart from personal skills being developed be-

cause working with machines demands these skills in order for work to be 

able to proceed, she argues that skills or competence are developed because 

they are a necessary part of creating meaning in this work. By developing per-

sonal skills and taking pride in them, workers portray themselves as impor-

tant participants in their workplace without whom work would be impossible, 

even though the workplace might be  technified precisely in order to reduce 

the workers’ importance and influence. In this way, personal skills are also 

part of a social context, Berner emphasizes, of a creation of meaning embed-

ded in traditions, relationships of power, and structures prevalent at the par-

ticular working place (Berner 1999: 89ff). 

The staff’s professional skill had a physical aspect, as well. Experience was 

implicitly described as rather embodied, often in terms of personally having 

done something or at least having seen something done; implicitly because 

qualities like dexterity or manual skill were not mentioned very often. Howev-

er, laboratory work would not be possible without bodies and their manual 

skills. As Knorr-Cetina et al. note, 

“The sciences laboratory ...  takes possession of  the scientist’s body and 
employs it – in a disciplined manner – in order to pursue particular pur-
poses” (Knorr-Cetina et al. 1988: 97; my translation37).

37 In the original German: “Das naturwissenschaftliche Labor bemächtigt sich ... des 
Körpers des Naturwissenschaftlers und setzt diesen – in zugerichteter Weise – ge-
zielt für bestimmte Zwecke ein.”
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The authors argue that  bodies,  after  having been schooled  and disciplined 

into laboratory practices, are used as both measuring instruments and reposi-

tories of experience. According to them, laboratory skills are embodied, and 

laboratory practices are based on this embodiment, as when scientists prefer 

personal, hands-on contact to abstractly discussing problems. Knorr-Cetina 

et al. argue that in preferring the use of their senses, scientists in practice 

grant their bodies priority over their minds (Knorr-Cetina et al. 1988: 97). 

In the laboratories I visited, when talking about laboratory work, bodies as 

tools and thus as assets were usually spoken of in terms of hands, for exam-

ple when explaining to me that a certain procedure that was regarded as espe-

cially difficult and capricious required “magic hands.” Or, as one laboratory 

leader remarked when speaking about his choice of career, 

“I always enjoyed working with soil and hands and things like that and 
plants and stuff, and – I think I was quite good with my hands.”

In this way, experience, the all-important attribute for a skilled laboratory re-

searcher, that is, the very practical and tangible experience of knowing how to 

do something because one has done it a considerable number of times before, 

was an embodied kind of experience, even though it was not usually explicitly 

spoken about as such but in terms of something feeling right or wrong. The 

hands (as in ”magic hands”) was where experience might be perceived as lo-

cated.38 

In terms of professional skill, this indicates that professional skill in the 

laboratories  was personal  in the sense  that it  was embodied  and acquired 

through  experience.  However,  this  personal,  individual  skill  was  anchored 

within a professional community. Occasions when this became apparent were 

the practices of pooling skills when making collective interpretations. 

While professional skills certainly were anchored in a larger research com-

munity, for example by ideals of good science and by people moving from lab-

oratory to laboratory, the local laboratory community with its local idiosyn-

crasies (see also Barley 1996: 427) was of importance, as well. This was evi-

dent when, for instance, a postdoctoral student described coming to a new 

laboratory as starting all over again. 

38 While experience seemed to be conceptualized as at least partly embodied, even 
though I never heard this discussed explicitly, human bodies in general were more 
often than not spoken about as a concern, for example in their vulnerability to the 
often toxic or carcinogenic chemicals used in the laboratories. 
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Battling Uncertainty with Professional Skill

In summary, the professional skill I encountered in the laboratories as a tool 

for battling uncertainty in order to make it work had a number of aspects as 

well as encompassed a repertoire of different elements. Professional skill had 

a personal aspect, being embodied in the individual as well as being acquired 

primarily through individual experience. Its embodiment also meant that this 

skill was not solely intellectual but also had a physical aspect, which in the 

laboratories was acknowledged for example by references to magic hands. Pro-

fessional skill  also tied the individual to a professional community, as this 

skill made it possible to create meaning in laboratory work. In terms of labora-

tory work as a set of cultural practices, acquiring professional skill  made a 

person part of a laboratory, as it made it possible to participate in laboratory 

work in a meaningful way. 

These  aspects  of  professional  skill  permeated  its  entire  repertoire.  As  I 

showed in this chapter, making raw data revolved around battling uncertain-

ty, and the laboratory staff’s professional skill repertoire included several ele-

ments that decreased uncertainty in an efficient way, balancing decreased un-

certainty  against  the use of resources.  The elements that this chapter  dis-

cussed as prominent in making raw data were monitoring samples’ progress, 

thus keeping as close an eye as possible on the reactions that were expected 

to take place; being on the safe side, that is, being able to judge when it was 

prudent to be extremely cautious and when it was wasteful to do so; pooling 

several staff members’ skill and experience in collective decisions; and, finally, 

using machines in order to prevent adding experimental variation and thus 

uncertainty. These elements of the professional skill repertoire were used for 

working towards what Lynch and Knorr-Cetina discuss as “making it work,” 

that is, towards succeeding at turning samples into valid data.

Battling uncertainty when making raw data was not an end in itself, but 

was a part of  making  valid  data,  that  is,  data that  can be expected  to  be 

deemed acceptable by the research community, from the samples that were 

being analyzed. In this way, battling uncertainty was a part of doing good sci-

ence, a notion that was anchored in norms and ideals that embedded the lab-

oratories and their creation of meaning in larger research communities. For 

the laboratory staff’s professional skill,  this means that this skill,  although 

used and valued locally, also was linked to these research communities. 

In the next chapter, I will discuss another element of the professional skill 
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repertoire, namely professional vision, the ability to look at raw data and see 

data in them. This professional vision played a crucial role in interpreting raw 

data, that is, in turning it into data. 
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6 Creating Data from Raw Data: 
Making Objective Interpretations

The work practices described in the previous chapters yielded different kinds 

of raw data, depending on which kind of analysis was done on the samples. 

They could be images, for example squares composed of thousands of differ-

ently hued dots or patterns of colored spots. They could also be lists, as for 

example  the  lists  of  proteins  that  were  the  result  of  a computer  matching 

molecular weights to databases, but images were much more common. These 

were  called  “raw data”39 because  they  were  perceived  as extracted  directly 

from the samples, in other words, as the samples made visible. 

This chapter will discuss how the laboratory staff turned this raw data into 

data. As I will show, this meant transforming the raw data into something that 

could be understood and used by a wider circle of people than those who had 

made it. This transformation was achieved by interpreting the raw data, an 

activity that the laboratory staff perceived as fraught with subjectivity which 

endangered  the  data’s  validity.  Accordingly,  laboratory  practices  of  turning 

raw data into data revolved around making not only interpretations but objec-

tive interpretations by eliminating subjectivity. 

In order to understand the laboratory practices of making objective inter-

pretations in order to attain valid data, I will first examine why raw data had 

to be turned into data, discussing the crucial difference between the two; as I 

will argue, this was a difference of transportability. Then I will turn to profes-

sional  vision  (Goodwin  1994,  1995),  the  element  of  professional  skill  with 

which the laboratory staff made these interpretations, discussing their con-

cern  with  subjectivity  while  making  interpretations,  and  their  practices  of 

eliminating subjectivity. 

39 Sometimes they were also called “results,” varying a little from laboratory to labora-
tory and from person to person. However, data could occasionally be called results, 
as well, so for purposes of clarity I will use “raw data” and “data.” 
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Making Sense of Raw Data

In order to understand the difference between raw data and data, I will draw 

upon Woolgar and Latour’s notion of inscriptions  (Woolgar and Latour 1986 

[1979]; Latour 1987, 1999) together with Lynch’s concept of graphic represen-

tations (Lynch 1985b: 39ff) in order to describe the raw data. Together with 

Goodwin’s notion of professional vision (Goodwin 1994, 1995), these concepts 

will help explain the necessity of interpreting raw data, making what Latour 

calls immutable mobiles (Latour 1990: 26ff), that is, data that can be under-

stood in a much wider context than the raw data it was made from. 

Inscriptions and Representations

In Woolgar and Latour’s terminology (Woolgar and Latour 1986 [1979]; Latour 

1987, 1999), the raw data were inscriptions. This concept refers to the trans-

formation of matter into signs or documents, as the transformation of a sam-

ple in a test tube into an image on a computer screen or a sheet of paper. The 

instrument that accomplishes that transformation is, in Woolgar and Latour’s 

words, called an inscription device. Inscription devices can include more than 

one component; with Woolgar and Latour, each of the analyses I discussed 

earlier can be called an inscription device, as all of them transform matter into 

written documentation (Woolgar and Latour 1986 [1979]: 51f). 

These documents, in this case the raw data images, are the inscriptions. 

Woolgar and Latour’s point, and in his later works also Latour’s point, is that 

inscriptions can be looked at, treated, and combined in a way that would not 

have been possible with the matter they were obtained from. Thus they can be 

used much more effectively for convincing others of one’s discoveries (Woolgar 

and Latour 1986 [1979]: 50ff; Latour 1987: 65ff).

In Michael Lynch’s term, images in the laboratory are “graphic representa-

tions,” materializing and embodying the observed (Lynch 1985b: 39ff). More 

than that, these representations make it not only possible to see the observed, 

they also enable analysis and manipulation in a way that would not have been 

possible with the source of these representations:

“The problem of visibility in science is more than a matter of providing il-
lustrations for publication. Published and unpublished data displays, in 
the form of graphs, photographs, charts and diagrams, constitute the mate-
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rial form of scientific phenomena. By ‘material’ I mean sensible, analyzable, 
measurable, examinable, manipulatable and ‘intelligible’. Although the pro-
cedures for making the object scientifically knowable implicate an indepen-
dent object, they simultaneously achieve a graphic rendering of the object’s 
materiality” (Lynch 1985b: 43; italics in original).

The important point of Lynch’s graphic representations is that they give phe-

nomena materiality, that is, make them tangible and independent from the 

circumstances  of  their  production.  These  independent  representations  can 

then be treated as objects in themselves, which makes it easier to work with 

them. 

In this respect, Lynch’s concept of graphic representation is quite similar 

to Woolgar and Latour’s and Latour’s inscriptions. Both make the point that 

representations are not identical with what they represent; in fact, they are 

detached for a purpose. Inscriptions or graphic representations can be used in 

a way the phenomena cannot, they can be kept, shown to others, and manip-

ulated. 

Following Foucault’s notion of “docile bodies,” Lynch also uses the concept 

of “docile objects” (Lynch 1985b: 43) when speaking about these representa-

tions, meaning

“an object that ‘behaves’ in accordance with a programme of normalization. 
... [W]hen an object becomes observable, measurable and quantifiable, it 
has already become civilized; the disciplinary organization of civilization ex-
tends its subjection to the object in the very way it makes it knowable. The 
docile  object  provides  the  material  template  that  variously  supports  or 
frustrates the operation performed upon it. Its properties become observ-
able-reportable in reference to the practices for revealing them. If the object 
was not compliant to such a programme, its attributed properties would be 
incompletely or unscientifically  observable” (Lynch 1985b: 43f;  italics in 
original).

In other words, creating representations is a way to discipline the observed, to 

make the observed conform with scientific practice. They make it possible to 

store the results of an experiment infinitely,  compare them, quantify them, 

and perform calculations. They also make it possible to show evidence to oth-

ers, for example when publishing a paper in a journal; representations fit the 

two-dimensional format of printing much better and are easier to access than 

samples could be. In the same way, it is much easier to discuss a sheet of pa-

per with a colleague than a whole experiment, especially if the colleague is not 

physically present. 

The  representations  themselves,  on  the  other  hand,  influence  scientific 

practices:
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“[M]aterial media, in addition to the coded sounds or marks of verbal and 
written  language,  already define,  to  an indefinite  degree,  what  becomes 
‘knowable’ or ‘repeatable’ in linguistic or conceptual terms. Intelligibility is 
built into the visible form of materials in the way they are brought under 
scrutiny” (Lynch 1985b: 52).

The material form into which the phenomena are rendered influences how the 

phenomena are understood and thought about; when talking about raw data 

one can only talk about and analyze what is made visible. 

Lynch as well as Woolgar and Latour point out that representations play 

an important role in scientific practice. The main difference between the two 

concepts is their focus. While Woolgar and Latour speak about how inscrip-

tions can be used for convincing others, that is, which role they can play in 

interactions between scientists,  Lynch concentrates on how representations 

influence how the phenomena that are represented are understood, that is, he 

focuses on the relationship between scientist  and phenomena. In this way, 

the two concepts complement rather than exclude each other. By making, in 

Woolgar  and Latour’s  and Latour’s  term,  inscriptions  or,  in  Lynch’s  term, 

graphic representations, scientists transform matter into a visible form that is 

manageable and fits into scientific practices. 

Seeing and Understanding

One thing that tends to be neglected when speaking about representations is 

that  they  are  precisely  representations.  In  the  words  of  Knorr-Cetina  and 

Amann, they are

“visible traces of invisible reactions.  … The marks on a film or on photo-
graphic paper are initially signs without meanings or referents; these signs 
must first be attached to the objects that they are presumed to represent” 
(Knorr-Cetina and Amann 1990: 263). 

In other words, the images and lists that constituted the raw data did not 

have any meaning by themselves. Their meaning had to be created by tying 

them to the samples and quite usually also to the samples’ context that they 

were supposed to make visible. 

However,  much  as  parents-to-be  speak  about  an  ultrasound  image  as 

though they were looking directly at their child, scientific representations are 

often spoken about as if they allowed one to gaze directly at the observed. This 

way of receiving images is not an isolated occurrence, but rather the custom-
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ary way of looking at photographs and other pictures, which is what makes 

Magritte’s painting of a pipe with the subtext “This is not a pipe” so striking. 

Of course, there is a pipe in the painting, which makes the line appear contra-

dictory at first, but a painting of a pipe is not the same thing as an actual 

pipe, and thus reading the subtext as ‘this is not a pipe, this is a painting of a 

pipe’ makes better sense.

In part, receiving and talking about images like this can be understood as 

speaking in a kind of short form. Instead of repeating every time that what 

one is looking at is really only a representation of a fetus, of DNA, or of pro-

teins, made in such and such a way, it seems a likely shortcut to speak di-

rectly about the fetus, DNA, or proteins, which is what one is really interested 

in and trying to observe. 

Such practices of seeing suggest  that seeing and understanding become 

essentially  the same. This means that representations and the represented 

are fused into one, as ‘seeing’ DNA, proteins, or a fetus when looking at im-

ages, since seeing and understanding are fused into simply ‘seeing.’

Seeing can be a kind of understanding, making the two indistinguishable, 

Keller argues, even though in science great importance is placed on distin-

guishing evidence and explanation. “[T]here is no such thing as naïve seeing,” 

that is, what is seen always depends on assumptions, understanding, and ex-

perience the observer already has (Keller 2002: 205ff). 

Seeing as both seeing and understanding is important for the roles inscrip-

tions are assigned in the production of scientific knowledge. Using representa-

tions or inscriptions of any kind is based on this habit of looking at images, 

tables, and the like and seeing matter made visible. The point of inscriptions 

and even more of the data they are condensed into is to create something that 

is “easily readable and presentable” (Latour 1990: 39), letting others ‘see’ for 

themselves. 

The shared knowledge in research environments must be a contributing 

factor to fusing seeing and understanding. Collins and Kusch remark in a dif-

ferent context that “[u]biquitous skills are transparent; one does not notice 

that one has them” (Collins and Kusch 1998), and this holds true as well for 

the laboratories I visited. As the laboratory staff started out from the same as-

sumptions and used the same skills to arrive at conclusions, these conclu-

sions might seem quite natural and obvious – after all, everyone arrived at 

them. These assumptions and skills actually were ubiquitous in this particu-

lar environment, so they did not need to be discussed and could be forgotten 
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about. In other words, interpreting the image generated by an instrument in 

order to turn it into data did not seem to require anything else than looking at 

it, so seeing and understanding indeed were indistinguishable and the image 

on a screen or a piece of paper could indeed be treated as evidence – everyone 

could see for themselves.

If interpreting these images is a matter of seeing, then seeing must be more 

than simply looking, otherwise  anyone could see  what the raw data mean, 

and there would be no need to convert them into data. Looking at inscriptions 

and ‘seeing’ raw data merges seeing (in the sense of looking) and understand-

ing; for an experienced person seeing these images encompasses understand-

ing. The laboratory staff described this apparently acquired ability to see as 

experience. Having “the experience” made it possible to make sense of images 

that were just squiggles to someone who did not have the experience. 

Understanding how data can be seen in and produced from raw data re-

quires understanding this practice of seeing. It seems that the aspect of the 

laboratory notion of experience as giving one the ability to ‘see’ is very similar 

to what Charles Goodwin means when he speaks about “professional vision” 

(Goodwin 1994, 1995), a concept that can help understand what happened 

when the laboratory staff “looked at” images. 

Goodwin takes his point of departure in the so-called Rodney King trial, an 

internationally noted trial in the United States in 1992 in which policemen 

were accused of having beaten up an African-American named Rodney King, 

an event that happened to be recorded on video tape. Goodwin uses this trial 

as 

“a vivid example of how the ability to see a meaningful event is not a trans-
parent,  psychological process but instead a socially situated activity ac-
complished through the deployment of a range of historically constituted 
discursive practices” (Goodwin 1994: 606).

The point he makes in his paper is that the same video tape was used as evi-

dence for, on the one side, a savage beating and, on the other side, “careful, 

systematic police work” (Goodwin 1994: 617). His main focus is on the de-

fense strategy, showing how the video tape was explained to the jury by cod-

ing body movements in terms of police work. Coding schemes control percep-

tion, Goodwin argues, and explaining the video tape like this gave the jury a 

framework of interpretation that made them comprehend the sequence – very 

differently from their first interpretation – as an example of professional police 

work. Essentially, the defense tried to make them see the video as it argued 
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police officers would. In Goodwin’s opinion, an important factor in the second 

trial (which led to convictions) was that the prosecution provided alternative 

frameworks of interpretation (Goodwin 1994: 615ff).

The ability to see things in a certain way, Goodwin points out in both this 

paper and a different one, concerned with how archaeologists learn their pro-

fession, is not individual but deeply rooted in a community.

“The ability to see such an event is embedded within an endogenous com-
munity of practitioners, the work of which provides a guide for seeing – in-
terpretative structures that locate particular phenomena as relevant and 
interesting – and the tools and intellectual frameworks that make such 
phenomena visible in the first place. Such seeing constitutes an instantia-
tion of culture as practice” (Goodwin 1995: 263).

Things are not interesting and not even visible in themselves, nor do they car-

ry meaning in themselves. It is the community’s frame of reference that makes 

them visible and interesting and gives them meaning.40 

Learning the relevant practices means becoming part of a community:

“[T]he distinctions being explicated, the ability to see ... are central to what 
it means to see the world as an archaeologist and to use that seeing to 
build the artifacts ... that are constitutive of archaeology as a profession. 
All competent archaeologists are expected to be able to do this; it is an es-
sential part of what it means to be an archaeologist” (Goodwin 1994: 615, 
italics in original).

This ability to see is not limited to professional fields, but is an important fea-

ture of human cognition and interaction. It is necessarily a factor in profes-

sional life,  as well  (Goodwin 1994: 630). These practices of seeing must be 

learned, as in the case of the jury in the Rodney King trial, or when becoming 

an archaeologist (Goodwin 1994: 611ff). 

Goodwin developed his concept of professional vision with the help of very 

detailed observations, analyzing television broadcasts of the trial and the in-

teractions between teacher and student in the archaeological field in meticu-

lous detail (Goodwin 1994: 607ff). He used a very different method from the 

one I used, but his concept nonetheless has helped me understand how re-

searchers look at instrument readings or, in other words, how they interpret 

them. 

Just how much this ability to look was a product of practice and experi-

ence did not  become clear to me until  I watched a doctoral  student try to 

40 For  example,  Solveig  Jülich’s  study  of  early  Swedish  radiology  can  be  read  as 
medicine as a profession developing professional vision for X-ray images when the 
technology was first introduced (Jülich 2002).
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make sense of the raw data from an analysis she had just completed for the 

first time. There were results that were clearly good and could be used, and 

those that were as clearly worthless, she told me, and they were not a prob-

lem, but where was she to draw the line with those in between? 

Senior colleagues whom she asked for help gave her advice like “You have 

to look at them.” They might add that a certain result on her list looked quite 

nice, see? The doctoral student became quite frustrated about her failure to 

understand how others reasoned when interpreting results and about their 

inability to explain. “I don’t have that experience,” she said, adding that she 

would have to learn and that interpreting this kind of data probably would be 

easy once she had grasped it, but right now it was really difficult.

An experienced person, on the other hand, could tell with a glance whether 

a result was good or worthless, including additional factors into her judgment: 

something might have gone wrong with the sample being analyzed, or the ma-

chine might be out of calibration or might simply behave “strangely,” which 

the experienced person could tell by the same glance. I never heard this deci-

sion process explained, probably because people were not aware of making a 

decision; all they were aware of doing was looking. 

One morning for example, one of the research engineers was working on an 

instrument she usually worked with and so was familiar with. As soon as the 

first reading came up on the screen of the computer it was attached to, she 

began to grumble and cast the machine suspicious glances. When I asked her 

what was wrong,  she said  the readings  looked strange.  The person whose 

samples were being run offered that perhaps something was wrong with the 

samples, maybe she had made a mistake, or the quality was bad. “No, no,” the 

research engineer said, all the while fiddling with controls and listening to the 

machine, “it’s the machine. The machine is weird.” While she shut it down 

and then restarted it, I asked how she knew. She gestured towards the now 

dark screen  and said:  “They  [the  readings]  were  wrong,”  a  wrongness  she 

seemed unable to put into words when I asked her about it.

These are examples of professional vision, in the case of the doctoral stu-

dent professional vision in the process of being acquired, in the case of the re-

search engineer professional vision that came from long practice. It is precise-

ly this dimension of practice that Goodwin’s concept highlights. 

These  examples  also point  to  something  more,  which is  not  part of  his 

analysis, and that is the silent dimension of professional vision. As his arti-

cles’ focus is on situations where this vision was taught to one person or a 

112



MAKING VALID DATA

group of people and he apparently watched and listened to the teaching ses-

sion, this is not very surprising. After all, teaching concentrates on things that 

can be communicated. 

The  ability  to  look  at  instrument  readings  and  see  results,  however, 

seemed impossible fully to put into words, and reading results was something 

one had to learn how to do by doing it, by practice. There were criteria: a mass 

spectrometer, for example, displays its measurement results as a graph, and a 

“nice” reading is one with distinct peaks other than those that are caused by 

the substances  used  for treating the samples.  These  criteria  could be and 

were communicated, but they were only a very crude base for interpretation. 

This base had to be broadened and elaborated on by gaining the experience of 

having seen and interpreted countless readings, having worked (and, as it of-

ten was expressed, “played around”) with a machine for years and being famil-

iar with how both machines and experiments worked.

This professional vision was a crucial ingredient for the work to be possible 

at all. Keller asks rhetorically, “Are there not circumstances in which seeing is 

itself  a kind of knowing?”  (Keller  2002: 207).  I would put it  the other way 

around: Without knowing, that is, without professional vision, there can be no 

seeing, at least no meaningful seeing.

Just  as  laboratory  work  to  me  was  nothing  but  a  blur  of  test  tubes, 

pipettes, machines, samples and talk before I started to understand what peo-

ple were doing in the laboratory,41 the results of an experiment are nothing 

but an accumulation of meaningless numbers and squiggles. (And, to be ac-

curate, without knowing how to read numbers, they would be squiggles, as 

well.) It is professional vision, that is, the fusing of seeing and understanding, 

that turns squiggles and numbers into raw data and data, and in this way 

into the base for drawing conclusions and building new knowledge.

Making Immutable Mobiles

The raw data was only accessible to those who knew how to read the images, 

who knew what they represented and how to interpret these representations. 

They required quite specialized professional vision to be readable. In order to 

make the results of the different analyses accessible to a wider circle of recipi-

41 I do not mean to say that I acquired the professional vision of, say, a molecular 
biologist. I did not. What I acquired was the professional vision of an ethnographer 
studying a laboratory.
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ents, as the research groups that sent in their samples, they had to be made 

more easily readable, or, to use Bruno Latour’s expression, the raw data had 

to be turned into “immutable mobiles” (Latour 1990: 26ff).

Immutable  mobiles,  according  to  Latour,  are  inscriptions  “that  mobilize 

larger and larger numbers of events in one spot” (Latour 1990: 41), that is, 

they sum up and combine several results. An inscription turned out by an in-

strument is the result of one analysis, but combining several of them to show 

a pattern, for example in a graph, sums up several analyses in a single in-

scription, simplifying them into something that is “easily readable and pre-

sentable” (Latour 1990: 39).42 In scientific research, that means that instead 

of showing rats and experiments to others in order to convince them of discov-

eries  (Latour’s  picture  of  science  is  very  much about  convincing,  enrolling 

and, most of all, manipulating others), scientists use visualizations like “a tiny 

set of figures” (Latour 1990: 39) extracted from them, because “[n]othing can 

be said about the rats, but a great deal can be said about the figures” (Latour 

1990: 39).

Applied  to  the laboratories  I  visited,  not  much could be said about the 

samples, in particular because not much could be seen by looking directly at 

a few drops of liquid in a test tube, but much more could be said about the 

raw data, or, as many laboratory members put it, the raw data “says” some-

thing. The raw data said something to the laboratory staff because they had 

professional vision; the data did not require such specialized professional vi-

sion and thus it said something to others, as well. 

The point of Latour’s figures is that they are neater than rats or samples, 

and they are easier to read, because everything that is regarded as irrelevant 

or disruptive is removed; the experiment is already filtered and understanding 

is built into the figures. Most of all, figures are much easier to transport than 

rats or samples. They do not need to be fed, cleaned and kept from running 

away or be kept frozen in order to prevent deterioration. 

Their transportability is not only physical. Figures can be shown to and 

understood by people with little  knowledge about rats and experiments, as 

they contain not only the information extracted from the rats but also the 

42 He does not make this distinction between inscriptions and immutable mobiles ex-
plicitly; the distinction is my reading of Latour 1990. In other places (for example 
Latour 1999: 306), he uses the two terms almost synonymously. However, as La-
tour discusses and introduces the concept of immutable mobiles in Latour 1990 
and implicitly distinguishes between inscriptions and immutable mobiles there – 
immutable mobiles being a special case of inscriptions – I think making this dis-
tinction here can be justified, as it helps shed light upon an important difference 
between raw data and data. 
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context  needed to understand it. This means that data can be transported 

both from one place to another, but it can also be transported from the labo-

ratory to other people  who do not necessarily  have to be specialists in the 

same field. 

This transportability is the key feature of immutable  mobiles.  Above all, 

they are mobile, that is, they can easily be transported from one place to an-

other without their message being lost (Latour 1990: 41). Instead of having to 

show – and explain – experiments or at least (in his example) the rats to every 

new person one wishes to convince, one can use the inscriptions extracted 

from them.

At the technology platforms, the raw data that the samples were turned 

into were already inscriptions, but they were not very mobile yet. They were 

not  easily  readable,  often not  even  to  those  who had produced them. The 

graph or image turned out as an analysis’s end product often was not read-

able at all without the help of a computer. 

An  example  of  this  were  the  images  produced  by  expression  analysis. 

These were squares composed of innumerable dots in different hues of gray, 

each dot indicating a different gene and its degree of activity. Beyond being 

pronounced by the staff as being “nice” or not so “nice,” they did not even 

make much sense to the technology platform’s staff themselves. They knew 

what the images meant, that is, what they represented and how this represen-

tation came about, but they would not have been able to make statements 

about a certain gene’s activity just from looking at the image. Instead of trying 

to interpret them ‘by hand,’ tying each dot to the gene it represented, they 

used a computer to do this. The images themselves were not mobile at all; in 

order to ‘see’ anything on them, one needed the computer with its specialized 

software to convert each dot into a more understandable figure. Moving the 

images, that is, giving them to someone outside of the laboratory and intend-

ing that person to understand them, would mean having to send at least the 

computer software (including instructions how to use it) with them. 

The columns of figures the dots were converted into by the computer were 

much more mobile, as they could be read with much less effort. They could be 

sent to the research groups, which could extract the answers to their ques-

tions from them. 

To sum up, both raw data and data were inscriptions or representations, 

translations from the material realm of the samples to the symbolic, a trans-

ferral that made it possible to store, manipulate, combine and transport them 
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in ways that would not be possible with the samples they were made from. 

The key difference between them was the degree of professional vision that 

was needed in order to make sense of them. The raw data required quite a 

high degree of specialized professional vision to tie the representation, that is, 

images or lists, to what it represented. Looking at this raw data and seeing 

meaningful results required detailed knowledge of the raw data’s context, that 

is, how the raw data had been made and what the images or lists meant with-

in this context. 

The data, on the other hand, were inscriptions or representations, often 

charts or lists, that were the result of not only the samples’ translation to the 

symbolic realm but also of within the symbolic realm manipulating the raw 

data attained by this translation. By combining the raw data with its context, 

the staff made immutable mobiles, inscriptions or representations of greater 

complexity that did not require as much professional vision in order to see 

what they meant. Thus they were even more transportable than less complex 

inscriptions, since they were accessible to more people, for example the re-

search groups that received them from the technology platforms. 

Now, I will discuss how the laboratory staff turned raw data into data, that 

is, how they made these immutable mobiles by interpreting raw data. 

Interpreting Raw Data

In the laboratories I visited, the raw data’s meaning was established and im-

mutable mobiles were made by interpreting the images, figures, and graphs of 

which the raw data consisted. 

Amann and Knorr-Cetina call the interpretation of visual data “fixation of 

evidence,” arguing that 

“visual ‘sense data’ – just what it is scientists see when they look at the 
outcome of an experiment – are the end product of socially organized pro-
cedures of evidence fixation” (Amann and Knorr-Cetina 1990: 86).

According to them, visual data, that is, images or other kinds of inscriptions, 

do not mean anything in themselves but their meaning is established by talk-

ing about them, as they put it, “the machinery of seeing is talk” (Amann and 

Knorr-Cetina 1990: 92; italics in original). 

Talking was one element in the interpretation of raw data in the laborato-
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ries I visited, but not the only one, as each staff member turned her raw data 

into data by herself. They seemed to seek out others in order to ‘see’ by talk-

ing only when they felt insecure and wanted their interpretations confirmed or 

felt they needed advice. Doctoral students for example often showed their re-

sults to their supervisor or other senior staff in order to confirm that they 

were “thinking right.” In this way in the laboratories I visited, seeing in the 

sense of interpreting was anchored in social interaction, but there also was 

the individual element of experience. 

Usually, the laboratory staff made a first, rough interpretation on the spot 

as soon as they received the raw data. When their colleagues came to look at 

the images, they would discuss their first impressions, establishing the raw 

data as “nice” or “bad” and talking about what they could “mean,” but unlike 

the collectively made decisions I discussed in the previous chapter, these con-

versations only acknowledged another person’s results. 

The staff member who had performed the analysis would sit down in the 

office to look more closely at the raw data, in order to “see  what else they 

mean,” that is, what else they could say based upon them that went beyond 

the quite obvious seen at first glance. In terms of the laboratory, the raw data 

was turned into data. In terms of Latour, the images were turned into im-

mutable mobiles, tying the representation to what it represented with the help 

of one’s professional vision.

This professional vision included applying additional knowledge to the raw 

data. This additional knowledge not only included what the colors or hues or 

figures signified, but also how preparation processes and instruments worked 

and, consequently, how the raw data came to look like it did. When discussing 

raw data, the staff often referred to the preparation process, pointing to dots 

or peaks on graphs and relating them to something that was part of or had 

happened during the preparation. Experience in the form of having done a 

particular analysis many times before played a role in this: an experienced 

staff member knew approximately how the raw data was supposed to look, 

and if it did not look like it was supposed to, she might have seen something 

similar before, or at least her experience made it possible for her to infer what 

the problem might be. Rich experience also meant that a laboratory member 

had more additional knowledge to draw from. 

When turning the raw data into data, this additional information was used 

to tie the representations to what they represented. For the dots in expression 

analysis, each of them was anchored to the gene it represented and its hue 
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was converted into a figure indicating the gene’s degree of activity on a preset 

scale. In other words, a square of dots was turned into a list of genes with as-

sociated degrees of activity. This list combined what was visible in the raw 

data image with what it meant; that is, the figure derived from each dot’s hue 

was connected to the gene the particular dot represented. The list contained 

the information present  in the raw data explicitly  instead of only implicitly 

and thus it was much more readable. In Latour’s words, the list “mobilize[d] ... 

larger numbers of events in one spot” (Latour 1990: 41) than the raw data, 

which made it more readable and more mobile. Where the information con-

tained in the raw data was visible only to specialized professional vision, read-

ing the list required much less professional vision. It still could not be read by 

anyone, but it was accessible to a wider audience, in this case the research 

groups that had sent in their samples and received these lists, one for each 

sample, as the result of the analysis. 

Establishing what raw data meant and thus transforming them into data 

seemed to entail adding the context that the laboratory staff with their profes-

sional vision saw when looking at the raw data, creating representations that 

required a lesser degree  of specialized professional vision in order to make 

sense of them. The staff in the laboratories had acquired the professional vi-

sion that was necessary for seeing  data in the raw data, but the research 

groups that were to receive data typically had not, and thus the raw data had 

to be made more readable for them. 

In the conversion of hue into figures in expression analysis, the transfor-

mation seemed to be regarded as quite straightforward and unproblematic: 

the raw data was turned over to a computer that converted it into readable 

data. This conversion was supervised by a staff member, but the interpreta-

tion was done by the machine. This staff member also advised the research 

group that was going to receive the data on how much she thought could be 

safely said based on the data, complementing and completing the machine’s 

transformation by situating the data in a context. 

There were other instances when interpretation was not regarded as quite 

so unproblematic, typically situations when the staff were required to make 

interpretations ‘by hand,’ that is, to decide which of several possibilities was 

the right one. This could be the case when identifying proteins. The raw data 

turned out by this analysis were graphs whose peaks indicated the molecular 

weights  of  peptides,  and in turning  them into  data,  a  computer  compared 

these weights to two different databases where it matched them to proteins. 
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Ideally, it would come up with the same matches from both databases. On the 

relatively few occasions the matches did not correspond (and in handling large 

numbers of samples, even a few occasions add up eventually), the staff mem-

ber who was turning the raw data into data had to decide whether one of the 

results was usable and, if so, which of them. 

This was not a decision that the staff were happy to make. If they did not 

have a strong conviction why one of the results was right, they usually decid-

ed that this particular match was unusable, preferring to err on the side of 

caution,  similar  to  “being  on the safe  side”  when preparing  samples,  even 

though it meant less data. These decisions were a balancing process that was 

quite  similar  to  the  safety  precautions  taken when preparing the  samples; 

while the staff balanced uncertainty and resources in these decisions, here, 

they weighed the quantity of the data against its strength and quality.

There were instances that called for wholly human decisions, some of them 

in the analyses that produced the raw data, but most of them in the interpre-

tation of raw data. Both were handled in much the same way. One example 

was marking spots that were to be picked out of a gel and entering them into 

the computer by hand. Several of the staff members doing this expressed their 

discomfort about making these interpretations by themselves. They said they 

would have preferred to have the computer do this because they felt “inse-

cure” doing this, as “this is so arbitrary” and the whole process became “sub-

jective.” With the computer, they explained, at least they could be sure that 

every gel would be treated in exactly the same way, with none of the arbitrari-

ness and subjectiveness they brought into it. A computer, they said, would 

ensure that the decisions were made objectively. 

This points to another dimension of making valid data. Data do not only 

have to be mobile, they also have to be objective. Making data (or immutable 

mobiles) out of raw data also required negotiating the subjectivity and arbi-

trariness the staff felt was inherent in individual decisions and striving for ob-

jective interpretations. 

Eliminating Subjectivity

The main tool in interpreting raw data was the staff’s professional vision, an 

element of their professional skill repertoire. This professional vision enabled 

them to see data in raw data, that is, it provided them with the knowledge 
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that was necessary in order to look at the images, figures, and graphs the raw 

data was made of and understand what they represented. In adding this un-

derstanding to the raw data inscriptions, they made more complex inscrip-

tions, that is, immutable mobiles that could be understood with less special-

ized professional vision. 

The staff’s discomfort with interpretations they feared might become “arbi-

trary” and “subjective” and their emphasis on striving for objective interpreta-

tions was connected to their aim of making valid data. In the laboratory prac-

tices I observed, reproducibility was seen as the key to validity, and objectivity 

was linked with reproducibility; part of the definition of objectivity is its inter-

subjective testability (see Popper 1972 [1959]: 44). In other words, an objec-

tive  interpretation  is  a reproducible  one,  and a reproducible  interpretation 

leads to reproducible and thus valid data. Subjective and individually different 

interpretations, on the other hand, are not reproducible. In consequence, the 

laboratory staff strove to remove as much individuality and personal decision-

making as possible from their work in order to attain reproducibility. 

The laboratory staff’s professional vision was a tool for doing that. It was 

rooted  in  their  professional  community,  which  provided  the  framework  for 

seeing, in Goodwin’s words, “interpretative structures” as well as “tools and 

intellectual  frameworks” (Goodwin 1995: 263).  This implies  that interpreta-

tions made with the help of this professional vision should be rather stan-

dardized, since the laboratory staff had acquired quite similar ways of seeing 

through their professional vision. As the ability to see data in raw data was 

part of what it meant to be, say, a molecular biologist, and acquiring this abil-

ity was one of the ways to become part of  this professional  community,  it 

seems probable that molecular biologists see  in similar ways,  thus making 

similar interpretations without much individual variation and thus subjectivi-

ty.

A further way of anchoring the interpretation of raw data in the profession-

al community of the laboratory was discussing one’s interpretations with oth-

ers, what Amann and Knorr-Cetina call “the machinery of seeing” (Amann and 

Knorr-Cetina 1990: 92; italics in original). These discussion were seen as de-

creasing  subjectivity,  as  they  made  interpretations  less  individual  and de-

creased the risk of decisions that deviated from those others made. In terms of 

professional vision, these discussions can be regarded as a way of communi-

cating and developing the professional community’s interpretative structures 

and intellectual frameworks. 
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A further tool for eliminating subjectivity and striving for objective interpre-

tations were machines. In contrast to the work of human beings, computeriza-

tion when for example scanning gels meant that, as a laboratory leader ex-

plained, 

“You’re taking the personal nature of deciding ... out of it, and you have an 
absolute value that you can put in, which a human cannot do. So you’re 
getting rid of human error at that point.”

The decision involved in scanning gels is how to determine the degree of satu-

ration, that is, how much light the scanner should apply when scanning in or-

der to be able to ‘see’ as many spots as possible without obscuring differences 

in intensity between them. 

The interviewee went on, 

“In fact, there is no error. People just try to get things – your eyes aren’t 
sensitive enough, so you’re using, you’re relying upon the sensitivity of a 
machine who can do something that you can’t.”

This points to another aspect of using machines, usually computers, for turn-

ing raw data into data. Machines do not only eliminate “the personal nature of 

deciding,” they are also regarded as better equipped to the task. In the case 

the interviewee is speaking about, the machine is more sensitive to hues than 

the human eye.

For the interpretation of raw data this means that instead of a person mak-

ing a series of possibly deviating decisions which professional vision apparent-

ly cannot standardize well  enough, a machine makes a series  of decisions, 

each in exactly the same way, based on exactly the same rules and figures 

and, in many cases, with the additional advantage of greater sensitivity. 

In this way, machines could be used to negotiate the tension between the 

subjectivity inherent in individual interpretations and the objectivity the staff 

strove for, and to create objectivity by minimizing variability. 

The contribution of machines to this transformation seemed to be based on 

their perceived reliability and predictability. They were also perceived as capa-

ble of greater precision than human beings, as they could be expected not to 

miscount or become distracted, in addition to possibly being better equipped 

for the task, for example by possessing greater sensitivity.

Apart from that, if a machine should happen to make a mistake, it would 

not go undetected, the staff explained to me, whereas a human being might 

not notice that she made a mistake. An error that is noticed can be repaired, 
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an undetected one will have an influence on the results. 

Using machines like this led to results that were regarded as more reliable 

because machines were regarded as capable of producing more objective and 

reproducible decisions. 

Making Valid Data

In this part, I showed that making valid data from samples was a two-step 

process of first making raw data and then turning it into data by interpreta-

tion. In doing so, the laboratory staff relied on their professional skill,  skill 

that consisted of a repertoire quite similar to the components of contextual 

knowledge Barley discusses (Barley 1996: 424ff). This professional skill had a 

personal aspect, being acquired and developed mainly through experience and 

practice, including both intellectual skills and a physical aspect of embodied 

skills. It also had a collective or cultural aspect, as professional skill was an-

chored  in  a professional  community  and made meaningful  participation in 

this community possible. 

In the first step of making valid data, the staff’s main concern was with un-

certainty, which they battled with the help of their professional skill, balanc-

ing uncertainty and resources in trying to decrease uncertainty in an effective 

way. Means of achieving this included monitoring the samples’ progress, do-

ing things to be on the safe side, making collective interpretations, and using 

machines.

In the second step, the main concern was with making objective interpreta-

tions, that is, with eliminating subjectivity. The raw data required professional 

vision in order to be intelligible.  Professional vision, comparable to Barley’s 

“semiotic knowledge” (Barley 1996: 425) was another element of the profes-

sional skill repertoire, a skill that allowed the laboratory staff to look at im-

ages or figures and understand what they meant. 

The staff used this professional vision in order to interpret the raw data, 

that is, in order to turn it into data, making immutable mobiles. These were 

inscriptions or representations that were more complex than the raw data, 

supplying not only the information the raw data contained but also additional 

information that made it possible to understand the data without the special-

ized professional vision that understanding the raw data required. 
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Professional vision was a highly individual skill and thus it was associated 

with subjectivity and arbitrary decisions rather than intersubjectivity and ob-

jective decisions.  The staff used machines as much as possible  in order to 

eliminate this subjectivity and arbitrariness, letting the machines make deci-

sions that were perceived as objective and without arbitrary variation. 

The strive for objectivity accentuates an interesting paradox built into all 

laboratory work. The aim of the laboratory work I described was to make not 

only data, but valid data. Validity revolved around different concerns, namely 

establishing certainty by battling uncertainty and creating objectivity by elimi-

nating subjectivity. These two concerns had the common factor that valid data 

was data that could be reproduced and thus was intersubjective. Uncertainty 

threatens  reproducibility,  because  without  knowing  how  results  were  ob-

tained,  they  cannot  be  reproduced  reliably.  Subjectivity  threatens  repro-

ducibility, because subjective interpretations might vary from person to per-

son and occasion to occasion and thus might lead to different results. Conse-

quently, much effort went into removing personal and subjective factors, often 

by using  machines  or,  when  that  was  impossible,  by  consulting  with  col-

leagues. 

However, laboratory work was based to a large extent on personal skills. 

Both the professional skill  needed for battling uncertainty and establishing 

certainty successfully, and the professional vision that was needed for inter-

preting images and making data out of raw data, were regarded as highly per-

sonal. In the laboratories, these skills, professional vision being one of them, 

were usually referred to as experience, and this (personal) experience was de-

scribed as the core of laboratory work. It was needed for preparing samples, 

for operating machines, and for interpreting images, and when one’s own ex-

perience was not enough, one asked someone with more experience. 

In this way, there was a tension between striving for intersubjectivity in the 

form of reproducibility and the means to achieve it. The aim was the removal 

of personal and subjective factors, while personal and individual skills and ex-

perience were the means of pursuing this aim. 

However, professional skill was not quite so individual as the term experi-

ence suggests. For one, this professional skill was anchored in cultural prac-

tices of doing laboratory work or seeing, as well as tied to cultural norms and 

ideals of good science, and this experience or professional skill was acquired 

within the context of a community. Secondly, individual staff members’ pro-

fessional skill could be and often was pooled in order to battle the arbitrari-
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ness and subjectivity perceived in individual decisions. In other words, while 

intersubjectivity was attained by means of individual persons’ skill, this skill 

had a collective dimension, balancing the tension between individual skill and 

striving for intersubjectivity towards the collective.

As I showed, machines were, besides professional skill, important tools in 

laboratory practices of making valid data. They were used both for eliminating 

uncertainty, for example when they were used for routine work, and for elimi-

nating subjectivity, for example when they were used for making objective in-

terpretations. The next part will examine these uses of machines and their in-

corporation into laboratory practices of making valid data in more detail. 
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HUMANS AND MACHINES

7 Talking about Humans and Machines: 
Making Cuts

“We come to see ourselves differently as we catch 
sight of our images in the mirror of the machine” 
(Turkle 1995: 9).

“Like the environments we build,  the artifacts we 
make remind us of who we are, how we are expect-
ed to act, and what we value” (Traweek 1988: x).

The staff’s main concern when turning samples into data was making  valid 

data, and, as I showed, in combination with the laboratory staff’s professional 

skill,  machines  were  tools  for  decreasing  uncertainty  and subjectivity  and 

thus were assigned important roles in making valid data. Yet, it is not self-evi-

dent that machines can be used for these purposes. 

In this part, I will examine the cultural practices through which machines 

were  made into  tools that  could decrease  uncertainty  and subjectivity  and 

therefore could be used for making certain and objective and thus valid data. 

In other words, I will  analyze how machines were associated with concepts 

connected to making valid data and, based on these concepts, assigned roles 

in laboratory practices. I will show that machines were associated with repro-

ducibility and objectivity, whereas they were strongly disassociated with the 

uncertainty and subjectivity that human beings were seen as bringing into 

laboratory work. 

As a starting point, in this chapter I will show how machines in general 

were  conceptualized as reliable,  predictable,  safe,  and objective.  By talking 

about humans and machines as opposed to each other, the staff established 

them as opposite categories with distinct qualities, categories that were con-

trasted in terms of “the human factor,” a term that denoted an ever-present 

risk of human beings making unnoticed mistakes or breaking something. 

I will  draw upon Karen Barad’s notion of making cuts  (Barad 1998: 95, 

1996: 183, 2003: 815), that is, drawing boundaries that establish subject and 
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object, in order to argue that it was exactly by establishing these categories 

that a cut between humans and machines was made in the laboratories I vis-

ited. Because of this cut, I will argue further, machines could be regarded as 

free of the uncertainty of the human factor, as well as of human subjectivity 

in making interpretations. This meant that the cut made it possible to use 

machines as tools for decreasing uncertainty and subjectivity and thus for at-

taining valid data.

In chapter 8 I will discuss how the staff maintained the cut between hu-

mans and machines when working with machines. Not all machines exhibited 

behavior that was in accordance with the notion of machineness, and these 

deviations might have endangered the concept of machineness and with it the 

cut between humans and machines. Instead, however, I will  show that the 

staff redefined these deviating machines as almost persons, keeping the cate-

gories intact and thus maintaining the cut. They also maintained the cut by 

using their professional skill to coax machines into machinelike behavior. 

As the technology platforms were specifically established in order to give 

research groups access to state-of-the art technology and an important part of 

this technology were machines – often complex instruments interfaced with 

computers – working with machines was a central aspect of everyday labora-

tory practices there. The staff, most of all the research engineers, spent con-

siderable time interacting with machines. Consequently, they had developed 

elaborate  relationships  with  them,  incorporating  them into  social  relation-

ships as well as laboratory practices. Other staff members’ relationships with 

individual machines often were less close, as they spent less time with them, 

and in the research laboratories with more limited access to comparable ma-

chines, relationships with and concepts of machines were less elaborate and 

less central. On the whole, however, there appeared to be very similar con-

cepts of humanness and machineness as opposed to each other that served as 

a basis for creating meaning about people and machines in laboratory prac-

tices of making valid data. 

Concepts of Humans and Machines

I first caught a glimpse of the laboratory staff’s concepts of humans and ma-

chines and the relationships between them during my stay at one of the tech-
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nology platforms in the beginning of my fieldwork. I was watching a laboratory 

technician rinse  excess  fluid  off  glass  slides.  She  had quite  a lot  of  these 

slides, and as she handled them with great care, rinsing all of them took quite 

some time. Halfway through them, she sighed and said, “Oh, I wish I had a 

machine for this!” 

I assumed she was bored with the task (I had not yet learned that repeti-

tive work was not necessarily a bad thing and that what I thought looked bor-

ing was not always boring to the people doing it), and I replied that I certainly 

understood why she was not too enthusiastic about it. 

“Oh, no,” she answered, “it’s not that. That’s okay. It’s just that I’m afraid 

of breaking something.” A machine would remove “the human factor” and in 

this way be safer, she said and went on to explain what she meant with that 

expression: there always was the possibility that a human being might make a 

mistake or accidentally  break something.  Some parts of  her work were  too 

much of a “craft” for her taste, which, in her opinion, made the work more 

susceptible to this human factor.

Contrasting Humans and Machines

This laboratory technician was far from the only one who contrasted machines 

and human beings using the concept “the human factor.” Although not every-

one in the laboratories used this expression or, a similar one, “human error” 

when speaking about and comparing the work and abilities of humans and 

machines, explicitly or implicitly contrasting human beings and machines in 

this manner was a very common theme in the laboratories I visited. In this 

sense, the staff compared themselves quite unfavorably with machines, as the 

human factor was perceived as being very much a source of potential mis-

takes, and, what is worse, mistakes that might go undetected. 

In contrast, machines were described as capable of much greater precision 

than a human being, as they did not miscount or become distracted. A labora-

tory leader explained the advantage of one of them, a robot called a spot cut-

ter that was used for cutting protein spots out of gels, like this: 

“[W]hy do we have a robot to do that? Well, one answer is, well, because 
we’re lazy. The other answer is, well, nobody in this lab can, day in, day 
out, cut gels in this precision, without any errors ... 

“Because if that spot cutter goes wrong, it would be such a dramatic and 
visible event, you know, oops, you’ve lost one gel. It’s not like having a con-
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stant error rate of saying, if you pick spots out manually, you make one er-
ror in about fifty. 

“So that means, for one gel, when you’ve cut three hundred [spots], okay, 
you made six errors. You don’t know where those errors are. 

“In this case, when this thing [the machine] blows up, you know, there’s 
the gel, oops. So, big error, you may have cut all spots wrong, but you 
know it, so the total error rate is zero.” 

This was work that, in theory, could be done by hand, but a robot was regard-

ed as more suited to the task than a human being. Using a robot was regard-

ed as reducing uncertainty, because the robot was not expected to make any 

undetected mistakes that then would affect the result. 

In the quote, the machine is described as either working perfectly or mal-

functioning in such an obvious way that mistakes cannot go undetected. The 

result is the same: the machine does not cause undetected mistakes that will 

affect the data. In contrast, a human being is described as being afflicted with 

a constant error rate, adding a certain measure of undetected mistakes and 

thus uncertainty to the analysis. 

This view of machines, especially, but not exclusively robots, was mirrored 

in the staff’s preference to use machines as much as possible.  Conversely, 

when using  a machine  was impossible  or impractical,  they took particular 

care not to make mistakes. A laboratory technician for example who had to 

transfer only a few samples onto a plate of wells and then add reagents to 

them counted the wells out loud in order to make sure not to miscount, while 

everyone else was very quiet so as not to distract her. 

This  contrast  between  humans and machines  extended  from unnoticed 

mistakes to ignored mistakes. In the words of the same interviewee: 

“Robots are very boring,43 but if I ask them to pipette ten microliters, they 
will do it, a hundred times out of a hundred …, and [in case of a malfunc-
tion] then you see, then the computer will report … 

“[H]owever, it may well be if someone pipetted ninety-nine times, then ... 
makes a mistake, … [and] doesn’t notice it, or … ‘oh shit, I can’t redo the 
whole thing, let’s just hope this one disappears somehow.’”

According to this description, a human being might make a mistake and then 

let herself be tempted into pretending not to have noticed. A machine, in con-

trast, would not – could not – be tempted, because it is not a person with de-

sires or wandering attention. 

43 Not everyone in the laboratories thought robots were boring;  quite the opposite, 
there was a number of people who said that the opportunity of working with this 
kind of machinery was one of the things they really liked about their jobs. This in-
terviewee who described robots as boring also said that they became interesting 
again when they malfunctioned.
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In other words, human beings are perceived as afflicted with the human 

factor,  a constant risk for undetected  or simply ignored mistakes,  whereas 

machines  do not  make  mistakes or  wrong decisions.  This meant  that  ma-

chines were regarded as more reliable and safer than human beings. 

They could not  replace  human beings altogether,  however,  as the  same 

person pointed out a little later in the interview:

“If you think you can  … let them do everything, no, because it [the ma-
chine] has no sense of achievement or where to go or what direction, or – 
somebody has got to be doing the program, you know, somebody’s got to be 
controlling…”

According to the interviewee, machines need human supervision; they cannot 

be in control, because they cannot know the meaning and context  of what 

they are supposed to be doing. For the same reason, he explained, they could 

not design research questions, design experiments, or perform other creative 

tasks. In everyday work, the staff checked both whether a machine seemed to 

have  completed  its  task  successfully  and  the  messages  on  its  computer 

screen. 

In this way, machines were regarded as better at certain tasks than hu-

mans could possibly be, as machines were regarded as free of the human fac-

tor. Creativity and insight, on the other hand, were seen as uniquely human 

qualities. Asking research questions, designing and supervising experiments, 

and drawing conclusions were tasks machines were regarded as unfit to han-

dle.

A Difference in Agency and Intentionality

Even though the staff did not express and contrast their concepts of humans 

and machines directly in these terms, the main difference they described be-

tween  themselves  and the  machines  they  worked with was a difference  in 

agency and intentionality, expressed in terms of the “human factor.” This dif-

ference can be used as a key to understanding the interactions between peo-

ple and machines in the laboratories I visited. 

Agency, understood in a wide sense, is the ability to do things. In the social 

sciences, agency is usually spoken of as in tension to social structure, that is, 

discussions of agency mainly revolve around the question of to what extent 

actions of human beings – human beings in general or only certain groups of 
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human beings – are determined by social and cultural factors and to what ex-

tent people can act on their own.44 Agency is often discussed and defined in 

terms of how it is limited by social structure. This social structure may com-

prise rather different aspects such as rules of conduct or unequal relation-

ships between groups or classes of individuals. 

This  means  that  agency  is  qualified  and  narrowed  to  the  ability  to  do 

things on one’s own. The difference between doing things and doing things on 

one’s own might sound small, but it makes certain differentiations possible: A 

pair of scissors cuts a sheet of paper, but it does not do so on its own. 

In the same way, machines (as opposed to humans) in the laboratories I 

visited were said to work on their assigned tasks, but they were described as 

doing so because they were built, programmed, and told to do so. 

The pivotal point of difference between humans and machines in the labo-

ratories, the human factor, was quite closely connected to differences in agen-

cy and intentionality. In the example of the spot cutter, the interviewee de-

scribed both humans and machines as possessing the agency to do the same 

work, but machines were perceived as not having the intentionality to make 

decisions by themselves. Human beings were ascribed with the intentionality 

to make decisions and thus potentially bad decisions, like pretending not to 

have noticed a mistake, whereas machines were perceived as not possessing 

this  intentionality.  Neither  were  machines  regarded  as  equipped  with  the 

agency to deviate from their programming, whereas a human being might in-

advertently do something she did not plan to do and perhaps break something 

or make a mistake. 

Mechanical Objectivity

The laboratory staff’s way of contrasting humans and machines can be de-

scribed by the term “mechanical objectivity,” a term coined by historian of sci-

ence  Lorraine  Daston.  It  denotes  objectivity  achieved  with the help of  ma-

chines or with technology involving machines.

Mechanical objectivity is one of several aspects of scientific objectivity that 

Daston discusses in her historical tracing of the concept (Daston 1992). In a 

collaboration with Peter  Galison on images and mechanical  objectivity,  the 

44 This  origin  of  reflections  on agency is  pointed out  by for  example Casper,  who 
strives to reconnect the agency debate within STS with the concept’s historical roots 
(Casper 1994: 848ff).
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authors explain:

“Each of the several components of objectivity opposes a distinct form of 
subjectivity; each is defined by censuring some (by no means all) aspects of 
the personal. The history of the various forms of objectivity might be told 
as how, why, and when various forms of subjectivity came to be seen as 
dangerously subjective. Mechanical objectivity was indifferent to the sub-
jectivity of, for example, personal idiosyncrasies; rather, it combatted the 
subjectivity of scientific and aesthetic judgment, dogmatic system building, 
and anthropomorphism” (Daston and Galison 1992: 82; italics in original).

In  other  words,  mechanical  objectivity  is  the  opposite  to  the  subjectivity 

brought into scientific research by the individual researcher and her personal, 

individual idiosyncrasies in making interpretations. That this subjectivity is 

perceived as dangerous is, the authors argue, a historical occurrence and not 

self-evident.

By using machines, these subjective interpretations are perceived as being 

eliminated, Daston and Galison continue, the machine replacing and exceed-

ing human self-restraint. Images that were mechanically produced have come 

to be regarded as authentic, because the machine’s depiction has come to be 

regarded as untainted by interpretation (Daston and Galison 1992: 120). Pho-

tographs, they conclude, have become a paragon for mechanical objectivity

“because the camera apparently eliminated human agency. Noninterven-
tion, not verisimilitude, lay at the heart of mechanical objectivity, and this 
is why mechanically produced images captured its message best” (Daston 
and Galison 1992: 120).

Thus,  the  crucial  difference  between  humans  and machines,  according  to 

Daston and Galison, is perceived as a difference in agency. Humans possess 

agency, whereas machines appear to be free from this human agency, which 

is why representations created by machines are regarded as free from human 

intervention and interpretation; as they put it, they are regarded as “nature’s 

self-portrait”  (Daston  and Galison  1992:  120).  Without  the  intervention  of 

agency, the representations that machines create can be regarded as pure vi-

sualizations of nature or samples rather than interpretations. 

Daston’s notion of mechanical  objectivity  describes  rather well  how ma-

chines were used for eliminating uncertainty and subjectivity in the laborato-

ries I visited. Human agency may add arbitrary, subjective decisions and hu-

man action as well as uncertainty; the absence of human agency in machines 

and thus their nonintervention in terms of agency do not.  Both uncertainty 

and subjectivity threaten the data’s intersubjective reproducibility with their 

uncontrollability and are thus dangerous. 
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Daston and Galison describe how the individual  researcher’s  interpreta-

tions came to be regarded as subjective and dangerous and how machines 

came to be used for creating objectivity in a way human beings cannot. Their 

description helps understand how agency and intentionality were the pivotal 

point of difference between humans and machines in the laboratories I visited. 

What Daston and Galison do not explain, however, is why machines are seen 

as free of (human) agency and intentionality and thus as representing instead 

of interpreting; they only discuss that they have come to be regarded that way. 

With the help of first Sherry Turkle’s and then Karen Barad’s work, I will 

now discuss how machines in the laboratories I visited were conceptualized as 

very different from humans. This conception made it possible to regard them 

as free of the human factor as well as human agency and consequently as be-

ing capable of creating this mechanical objectivity. The roles machines were 

assigned in laboratory practices of making valid data, namely tools for making 

reproducible and thus valid data, were in accordance with these conceptual-

izations. 

Humanness and Machineness

I think the key to understanding the roles machines were assigned in labora-

tory practices  lies  in the laboratory staff’s concepts  of  machineness as op-

posed to humanness. Turkle’s work (Turkle 1984, 1991, 1995), which revolves 

around the question of how people construct their identities through their en-

counters with the computer, can help understand these categories of human-

ness and machineness. Turkle argues that machines, apart from being tools, 

are “evocative objects” (Turkle 1984: 319) that provide people with a mirror in 

which they can see themselves as uniquely human:

“We are insecure in our understanding of ourselves, and this insecurity 
breeds a new preoccupation with the question of who we are. We search for 
ways to see ourselves. The computer is a new mirror, the first psychologi-
cal machine. Beyond its nature as an analytical engine lies its second na-
ture as an evocative object” (Turkle 1984: 319).

Interacting with machines, and especially computers, Turkle argues, provokes 

reflection on what it is to be human and what in contrast it is to be machine. 

There are similarities between human beings and computers, which make it 

possible to recognize oneself in a computer, as both human beings and com-
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puters give the impression of thinking, of mental activity. Even though – or 

perhaps because – how computers work is better known than how the human 

brain works, the human mind is often described in terms of computing: there 

is information that is stored, accessed, and processed. The computer has be-

come a metaphor for the mind (Turkle 1984: 19ff, 176). 

But the computer is more than just a metaphor. It has become the Other, 

the mirror that enables people to perceive and construct their humanness. 

While there are likenesses between people and computers, there are also dif-

ferences that become very clear when reflecting about people and machines in 

these terms. The machine Other provides humans with a mirror in which to 

perceive themselves as more than thinking machines (Turkle 1984: Introduc-

tion). 

The computer as an apparently thinking machine provokes and facilitates 

reflection on what it is that makes one a living being and, more, a person, 

both on an individual and on a cultural level. People perceive a difference be-

tween themselves and machines, even seemingly intelligent machines, even 

though this difference is difficult to put into words. ‘I think, therefore I am’ 

does not quite apply any more: the computer appears to think as well, but 

that does not mean that one is willing to accept it as a fully adequate person. 

Consequently, there has to be more to being a person than the ability to think 

or to at least give the appearance of thinking. Reflecting and talking about 

what it is that makes one a person in contrast to a thinking machine gives ex-

pression to how one orders the world (Turkle 1984: 19ff). 

In  other  words,  machines  are  “good  to  think  with”  (Lévi-Strauss  1969 

[1962]: 116) when it comes to contemplating oneself: we are like computers, 

because we think that computers work alike to our minds. But human beings 

also have bodies, emotions, consciousness and a free will, which makes them 

more than just a rational thinking machine. Human beings can feel, can es-

tablish friendships and antagonism, can reflect on themselves and the world 

around them, and they can make their own decisions. In this way, while hu-

mans  perceive  themselves  as  having  abilities  in  common with  computers, 

there are many abilities that are regarded as uniquely human (Turkle 1984: 

11ff, 324ff). Turkle calls this emphasis on emotions and sensuality a “roman-

tic  reaction”  to  a mechanistic  imaging  inherent  in  the  computer  metaphor 

(Turkle 1991: 229).

Turkle’s argument revolves around computers as evocative objects. While 

there were computers in the laboratories I visited – each laboratory member 
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had one in her office – not all of the machines there were computers. The ma-

chines in the laboratories ranged from comparatively simple centrifuges, vor-

texes, and electrophoresis apparatuses to complex robots and instruments in-

terfaced with computers. These complex machines made up the core of the 

technology platforms, and the staff there, especially the research engineers, 

spent most of their time with them. As the laboratory staff clearly had these 

robots and instruments in mind when they spoke about and contrasted hu-

mans and machines, Turkle’s argument about evocative objects can be ap-

plied to these laboratory machines, as well. 

Turkle’s notion of machines as evocative objects can help explain why con-

cepts of humanness and machineness in the laboratories were described as 

dichotomically opposed. If the laboratory staff looked at themselves in the mir-

ror of the machine, that is, if speaking about machines served the purpose of 

reflecting about cultural concepts of what it was to be human, these reflec-

tions necessarily were on humanness as opposed to machineness. In order to 

define and identify oneself as human in relation to the (machine) Other, differ-

ences and opposites become important. 

Turkle’s argument seems to presuppose that these differences and oppo-

sites already exist and that using machines in order to think about humans 

only brings them to light. She does caution that defining oneself as uniquely 

human in terms of what computers cannot do leaves one in a vulnerable posi-

tion, as no one knows what computers of the future may be designed to do 

(Turkle 1991: 224f). Apart from that, however, her argument suggests that the 

reflections evoked by interaction with machines, in her case computers, are 

based on pre-existing qualities and abilities. A central example of a uniquely 

human quality named by Turkle are emotions, especially feelings of love, af-

fection, spirituality, and warmth (Turkle 1984: 324f).

Turkle does not discuss why emotions become so important when facing a 

computer. Neither does she examine how people’s reflections on themselves 

as evoked by machines are connected to their interactions with machines or 

the consequences that they have on these interactions. 

In order to understand how a dichotomy of humanness and machineness 

that was established in the laboratories by talking about humans and ma-

chines as opposed to each other contributed to making machines tools for 

producing valid data, I will use Karen Barad’s framework of agential realism 

(Barad 1996, 1998, 2003). Following Barad, I will argue that machines could 

be used as tools for making valid data because cultural practices in the labo-
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ratories made what she calls a “cut,” that is, drew a line between people and 

machines,  ascribing  each  of  them  certain  qualities,  and  assigning  certain 

tasks to each of them. 

Agential Realism

Barad advocates a departure from the traditional dichotomy of observer and 

observed or the subject and the object in science, arguing that this dichotomy 

is not a pre-existing given, but the result of artificially drawing boundaries be-

tween them, which is what she calls making “cuts” (Barad 1998: 95, 1996: 

183). Instead of regarding science as the scientist  observing an object,  she 

speaks about both observer and observed as part of an apparatus that pro-

duces what she calls “phenomena” (Barad 1998: 98ff). 

According to Barad, the separation of observer and observed that lies at 

the heart of at least the natural sciences’ concept of objectivity is a separation, 

or in her words a “cut,” that is made or enacted by practices. Barad holds a 

very political view of science, and, accordingly, she argues that these separa-

tions are to be seen in connection with politics. While I do not deny that sci-

ence and politics can be and indeed are closely connected, I will use Barad’s 

framework not for exploring this connection but for trying to understand the 

role of machines in making certain and objective data. 

With an academic background as a physicist, Barad bases her argument 

on Niels  Bohr’s experiments in quantum physics; experiments that identify 

light as waves or as particles, depending on which measuring equipment is 

used.  These  experiments  are  the  point  of  departure  for  developing  her 

thoughts on epistemology and ontology, which she maintains are inseparable 

(Barad 1996: 165ff, 1998: 94ff).

Using ultrasound imaging of fetuses as an example, she argues that the in-

strument “does not allow us to peer innocently at the fetus, nor does it simply 

offer constraints on what we can see; rather, it helps produce and is ‘part of’ 

the body it images” (Barad 1998: 101). Instead of being a separate agent giv-

ing access to the otherwise invisible, she argues, the instrument is part of a 

whole, which she calls an apparatus, that produces a phenomenon, in this 

case  a fetus  (Barad 1998:  98ff).  The  apparatus  producing  the  fetus  has a 

number of parts: the ultrasound instrument, the people operating it and look-

ing at the image, the body that is to be imaged, the ability and habit to look at 
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pictures, and cultural concepts of parenthood and of what a fetus is. ‘Their 

child’  on  an  ultrasound  photograph  that  parents-to-be  can  show  to  their 

friends and relatives is thus not simply something that was there all along 

and that ultrasound technology simply made visible; it is something that this 

technology  plays  a  part  in  producing.  Consequently,  “phenomena  are  the 

place where matter and meaning meet” (Barad 1996: 185).

Barad suggests the term intra-action “to signify the inseparability of ‘ob-

jects’  and ‘agencies  of  observation’  (in  contrast  to  ‘interaction,’  which  rein-

scribes the  contested  dichotomy)”  (Barad  1998:  96).  It  is  in  intra-action, 

through practice, that both the observer, the observed, and the instrument 

are shaped and meaning is created. 

Matter and Meaning

At first glance, the denial of pre-existing boundaries between the parts of the 

apparatus  might  suggest  an extreme  social  constructivist point  of  view.  It 

might suggest a world view in which nothing exists independently from and 

outside of people’s minds; if boundaries do not pre-exist, they might be un-

derstood as fully socially constructed. Far from it – by drawing attention to the 

non-human parts of the apparatus, Barad emphasizes that humans do not 

have full agency over matter. Neither is there a reality with inherent proper-

ties, waiting to be discovered: “Nature is neither a blank slate for the free play 

of  social  inscriptions,  nor  some  immediately  present,  transparently  given 

‘thingness’” (Barad 1996: 188). 

Instead, what is understood as nature or reality is material and cultural at 

the  same  time  (Barad 1996:  185),  produced  by  both  material  and human 

agency. This does not mean that relationships within intra-action inevitably 

have to be symmetrical and harmonious (Barad 1996: 188). Since, for exam-

ple, humans “do the representing” (Barad 1996: 181), that is, tell the stories 

about nature, these relationships can contain considerable asymmetry. 

The most important aspect of Barad’s way of looking at the production of 

phenomena is thus that there is no clear distinction between the material and 

the cultural, nor between the observer and the observed. Boundaries are en-

acted and shaped through practices in intra-action, along with the phenome-

na. Thus, method and knowledge are inseparable.45 

45 Barad is not the only one to argue this; see for example standpoint theory (Harding 
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In consequence, she argues that objective knowledge necessarily has to be 

situated  knowledge  (Barad 1996: 180).  The traditional  concept  of  objective 

knowledge as knowledge that is disengaged from its producers clearly does 

not apply here. Instead, she adheres to a notion of objectivity that has to do 

with accountability: During intra-action, “marks are left on bodies. Objectivity 

means  being  accountable  to  marks  on  bodies”  (Barad  2003:  824).  These 

marks on bodies can be the traces a sample leaves in an instrument or the ul-

trasound image of a fetus. The bodies do not necessarily have to be organic; 

they can just as well be the ‘body’ of an instrument or even a sheet of paper. 

Taking the marks on them into account means taking into account non-hu-

man forms of agency.46 

Agential realism, which is what Barad calls her framework, differs radically 

from other approaches that acknowledge non-human agency in emphasizing 

that science is not about reality; it is about creating and analyzing phenome-

na. Reality cannot be observed directly, all that can be observed are phenome-

na created in intra-action. These phenomena are already an intertwining of 

matter and meaning. Other approaches treat material  agency as something 

that exists and can be directly accessed; for example the sea currents and 

winds that John Law identifies as actors that played an important part in the 

Portuguese  expansion  of  the  fifteenth  and  sixteenth  centuries  (Law  1987: 

114ff), are described by him as independent entities rather than humans’ per-

ceptions of material agency, in other words, phenomena. 

In this way, apart from emphasizing the interrelatedness characteristic of 

intra-action, Barad’s framework also underscores the fluidity of phenomena: 

when practices change, they too will change.

This means that reality cannot be directly accessed or known, but only in-

directly through the phenomena created by intra-action, through the merging 

of the material and the cultural or, as she puts it, the meeting of matter and 

meaning. Consequently, “reality is not independent of our explorations of it” 

(Barad 1996: 183). How the world is known has great influence on what is 

known about it. Consequently, the process of how knowledge is produced be-

comes very important, as it does not unveil  something that exists indepen-

dently and could have been discovered with other methods,  but it  actively 

2004). 
46 Barad’s “marks on bodies” appear to be rather similar to Latour’s inscriptions. The 

main difference between the two seems to be in their respective focus. While Latour 
focuses mainly on what scientists can do with inscriptions (for a more detailed dis-
cussion, see chapter 6 above), Barad points out that they come into being by multi-
ple agencies. 
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shapes not only how we see the world but what the world looks like.

Speaking  of  intra-action also  draws attention  to  data  (in  Barad’s  terms 

phenomena) being created instead of unveiled. It also highlights that this cre-

ation is not being done by scientists alone but by a whole apparatus which in-

cludes  among other  things laboratory  staff,  scientific  concepts,  experience, 

machines,  samples, reagents, and concepts of what humans and machines 

are. 

Drawing Boundaries, Making Cuts

Within Barad’s framework, the apparatus is continuously shaped by intra-act-

ing, and thus its parts are also shaped by intra-acting. “‘[S]ubjects’ or ‘objects’ 

... do not pre-exist as such” (Barad 1998: 112), Barad argues; what is regard-

ed as object  and subject  is  established  during  intra-action,  as are the  at-

tributes and qualities ascribed to them:

“It is through specific agential intra-actions that the boundaries and prop-
erties of the ‘components’ of phenomena become determinate and that par-
ticular embodied concepts become meaningful. A specific intra-action (in-
volving a specific material configuration of the ‘apparatus of observation’) 
enacts an agential cut ... effecting a separation between ‘subject’ and ‘ob-
ject’” (Barad 2003: 815; italics in original).

In other words, subjects become subjects and objects become objects through 

specific practices that involve both human and material agency. It is exactly 

this drawing of boundaries that Barad calls making “cuts,” pointing out that 

making these cuts always entails exclusions one should be aware of and ac-

knowledge (Barad 1998: 95; 1996: 183). 

Where to make a cut, that is, what to regard as part of the apparatus that 

produces a phenomenon as for example data in scientific research, is not just 

an academic question. Where one draws the line has consequences for how 

the phenomenon, that is, eventually scientific knowledge, is regarded and for 

its role in society, as well as for the practices of production themselves. 

Making a cut between the observer and the observed allows for a concept 

of  scientific  knowledge  as  discovered,  as  something  that  has  always  been 

there and has been made accessible and discoverable by the development of 

new technological  or  theoretical  tools.  While  this  discovery  could not  have 

been made without certain tools – as for example things that cannot be seen 

directly  –  the  knowledge  produced  is  regarded  as  independent  from these 
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tools. This concept of knowledge, in turn, enables a notion of objectivity as in-

terpersonal reproducibility. If knowledge (or nature) exists independently from 

its observer, then interpersonal reproducible results must mean success at di-

rectly accessing nature. It is this concept of objectivity that was part of the 

laboratory practices I observed, for example aiming at controlling variables or 

trying to show something in a different way, that is, with different methods, in 

order to be certain of one’s findings.

Making Cuts between Humans and Machines

Following Barad’s concept of intra-action and the notion of making cuts, the 

dichotomy of humanness and machineness in the laboratories did not result 

from the laboratory staff’s mere view of themselves in the mirror of the ma-

chine, as might be argued based on Turkle’s work. In Barad’s framework, it is 

not a given that humans are subjects and machines or matter objects, instead 

they are made so by particular practices. 

For the laboratories, this means that talking about humans and machines 

and contrasting them in terms of agency and of the human factor shaped the 

concepts of humanness and machineness rather than allowing for them to 

emerge as seen in a mirror. The laboratory staff’s talk created something that 

had not existed before. 

There certainly have been concepts of humanness before machines became 

a part of everyday life, but criteria of what it means to be human changes ac-

cording to the point of reference; when contrasting humans and machines, a 

living body is regarded as a part of humanness and personhood (Turkle 1984: 

19ff), whereas rational thought or at least the appearance of rational thought 

is less important. When contrasting humans and animals, a living body is not 

a criterion, as it is possessed by both, but rational thought may well be. Simi-

larly, the staff members undoubtedly had concepts of what it is to be human 

and what a machine is before they entered the world of laboratory research, 

but their participation in cultural practices of working with machines presum-

ably did not leave these concepts unaffected. In other words, the concepts of 

humanness and machineness I encountered in the laboratories had been de-

veloped through laboratory practices with machines rather than simply been 

brought to light by them. For example, pivoting these concepts on the notion 
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of the human factor is only meaningful when this human factor jeopardizes 

something that is regarded as important, as success at making valid data. 

Humans and machines  and,  consequently,  concepts  of  humanness  and 

machineness that pivot on the notion of the human factor were usually con-

trasted like this when speaking about machines in general. Contrasting hu-

mans and machines in this way implied establishing and drawing attention to 

differences that were regarded as important and thus establishing humans 

and machines as very different. In conceptually placing them opposite each 

other, the laboratory staff made what Barad calls a cut between humans and 

machines, that is, drew a boundary between them. 

This cut made it possible to speak about machines as tools for decreasing 

uncertainty and subjectivity, seen in connection with the human factor, and 

thus to speak about them as tools for making valid data in the form of certain, 

objective, and reproducible data. Since machines were conceptually placed in 

opposition to humans, they were  disassociated  with the human factor and 

thus with the uncertainty and subjectivity associated with human agency. 

In this way, establishing categories of humanness and machineness was 

not only a way of creating meaning in laboratory work that involved machines. 

In addition, it was a way of ordering laboratory work, of giving it a meaningful 

social structure that included both humans and machines.

While this chapter discussed how the laboratory staff talked about humans 

and machines,  ordering  them into  a meaningful  social  structure,  the  next 

chapter will  address how the laboratory staff worked with machines within 

this structure. It will focus on how the staff handled those machines that did 

not conform to the concept of machineness, but instead exhibited behavior 

that threatened the structure. 
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8 Working with Machines: 
Maintaining Cuts

Not all of the laboratory machines behaved at all times according to how ma-

chineness was described. There were machines, especially complex ones, that 

sporadically malfunctioned, not always for obvious reasons, and they were not 

always readily fixable. They were seemingly acting on their own and with a 

mind of their own. Such machines, instead of removing uncertainty, added 

uncertainty  of  their  own to  laboratory  work.  One  example  was a pipetting 

robot that the staff preferred to watch while it worked, as leaving it meant the 

risk of coming back to unpleasant surprises. 

This particular  robot  belonged to  the same laboratory as the laboratory 

technician who wished for a machine in order to remove the human factor 

from the task she was doing manually. Having seen and heard her and her 

colleagues spend considerable time with this and other machines, complain-

ing about and trying to fix their malfunctions and make them do what they 

were supposed to do, her wish for a machine surprised me, and I told her so. 

Laughingly, she said, yes, it was true that they spent a lot of time on their 

machines, but a machine would nevertheless make her feel safer. She turned 

her attention back to her slides, and after a while she added, only half-joking-

ly, that those machines that were known to have individual quirks and mal-

functions reintroduced the human factor into laboratory work by being almost 

persons themselves. “They are almost colleagues,” she said. 

After this, I could not help but notice the seemingly contradictory way in 

which  the  staff  at  the  different  laboratories  spoke  about  and  treated  ma-

chines: on the one hand, they complained of their machines’ quirks and mal-

functions, often in terms of personalities, spending a sometimes substantial 

part  of  their  work  days  on  repairing,  adjusting,  coaxing,  and complaining 

about them, but on the other hand they described and desired machines as 

reliable and infallible. This was most apparent at the larger technology plat-

forms, where the everyday work revolved around and relied heavily upon com-

plex machines; in a research group which worked mainly with fairly uncom-

plicated  machines  and which only  had sporadic  access to  complex  instru-

ments, laboratory machines were not spoken of in terms of personalities. 
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What, then, made this laboratory technician and other people in the labo-

ratories categorize machines as predictable and reliable because they were re-

garded as lacking agency and intentionality, and then speak about and treat 

individual machines as “almost colleagues,” ascribing to them the very inten-

tions that machines were regarded as lacking? And why did the unmachine-

like behavior of the machines that seemed to act on their own and exhibited 

malfunctions and quirks not affect the category of machineness and endanger 

the cut between humans and machines? 

This chapter will focus on how the staff dealt with those machines whose 

behavior was not in accordance with the notion of machineness. I will argue 

that the laboratory staff maintained the cut between humans and machines 

by regarding and treating certain machines in certain situations as almost 

persons rather than as machines. Instead of allowing quirky machines to af-

fect  the  concept  of  machineness,  the  staff  reclassified  them in  accordance 

with the behavior they exhibited, thus keeping the concept intact.

Another way of maintaining the cut between humans and machines in the 

laboratories, I will argue, were work practices that ensured that machines be-

haved in a machinelike way. This was especially, but not only, true for those 

machines that were ascribed personalities. 

Maintaining the cut  between humans and machines  did not  only  mean 

maintaining the social structure that assigned humans and machines mean-

ingful roles within laboratory practices of making valid data. Maintaining the 

cut also was important for these practices of making data themselves, as ma-

chines were tools for decreasing uncertainty and subjectivity and thus for at-

taining valid, that is, reproducible, data precisely because of their machine-

ness and their disassociation with the human factor. 

I do not think that there was a vast qualitative difference in how people in 

the laboratory spoke about and treated machines than other people I have 

met  in  other  contexts.  Many people  speak to  their  computers  and have  a 

sometimes rather personal relationship with “him” or “her.” I do think, howev-

er, that what I saw in the laboratories were more elaborate relationships with 

machines,  both machines as a concept  and individual  machines.  This was 

probably at least in part because laboratory staff spent considerable amounts 

of time working with machines, especially complex and sensitive instruments. 

Most authors of laboratory studies remark on ‘their’ researchers’ special rela-

tionships to their machines (see, for example, Gusterson 1996: 119ff; Traweek 

1988: chapter 2; Knorr-Cetina 1999: chapter 5). Crossing borders between or-
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ganisms, bodies, or persons and machines by ascribing qualities or behavior 

strongly associated with one category to things or persons that belong to an-

other seems to be quite marked among people who spend a considerable part 

of their working days with machines. The laboratories I visited were no excep-

tion. 

Crossing Conceptual Boundaries

It seems that the conceptual  borders between persons and machines were 

crossed mainly when machines malfunctioned, and more often with complex 

machines (usually computer controlled) than with fairly simple ones. A cen-

trifuge  whose  lid had jammed,  trapping a batch of  samples  inside,  evoked 

compassion for the unfortunate colleague and several suggestions of how to 

pry “the damn lid” open, but the centrifuge was spoken about as an object 

that had happened to break in an awkward moment. On the other hand, a 

pipetting robot that sometimes refused to start performing a task was spoken 

about as not “wanting” to begin. The reason for it not starting was also de-

scribed in an unusual way for describing a machine. For instance, the com-

puter the robot was interfaced with “said” that there were disposable tips on 

the end of the robot’s pipettes that had to be removed first, but there were no 

tips, and so the robot was described as wrongly “thinking” that there were, 

and as “waiting” for them to be manually removed. 

Such quirks were described in terms of various machines’ individual per-

sonalities; some machines were more “sensitive” and needed “coaxing,” some 

had to be watched while they worked, because they were not so trusted that 

one could turn one’s back to them. Others compared favorably as being “nice” 

and requiring less attention. When talking about working with these “sensi-

tive” machines, people frequently spoke in terms of “knowing” the machine, of 

“personal” relationships, and of “friendship.” 

Lucy Suchman argues that there are two contributing factors to the use of, 

as she puts it, “an intentional vocabulary” when speaking about machines: 

On the one hand, “the attribution of purpose to computer-based artifacts de-

rives from the simple fact that each action by the user effects an immediate 

machine  reaction” (Suchman 1987: 10; italics in original). Even more impor-

tant, she continues, is that human-machine interaction increasingly is based 
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on language, making it more and more similar to communicating with people. 

Terms used to describe how one interacts with people become applicable to 

the interaction with machines. Additionally, when dealing with complex ma-

chines,  their  complexity  makes  it  impossible  to  tie  their  behavior  to  parts 

rather than the whole. The computer becomes an entity rather than a con-

glomerate of parts, which makes it even easier to describe in human terms 

(Suchman 1987: 10f). 

The latter remark fits in rather well with my observations. In the laborato-

ries I visited, the machines described in terms of personalities typically were 

complex instruments interfaced with computers. These machines consisted of 

quite a number of interacting parts of both hardware and software, which in 

many cases made it impossible to attribute the machine’s behavior to a cer-

tain part. On the other hand, when a reason for a malfunction was found, it 

was no longer ascribed to a machine’s personality. For example an instrument 

I was told about that “went berserk” as soon as people left the laboratory in 

the evening, had clearly only been described in these terms until the staff had 

figured out that its behavior, apparently taken quite personally after a while, 

was caused by fluctuations in the city’s power supply. These fluctuations in 

turn were caused by large numbers of appliances being switched on at the 

same time when people came home from work. 

When, or as long as, a reason for a machine’s apparently willful behavior 

could not be determined, however, such machines were spoken of by using 

terms that conventionally are appropriate for people but not for objects, for 

example attributing them a gender or describing them as acting with a mind 

of their  own. These malfunctions or quirks were  spoken about in terms of 

agency and sometimes even intentionality, as when saying that a machine did 

not “want” to start a task. 

These were the machines that the laboratory technician, whose desire for a 

machine to remove the human factor first drew my attention to the complicat-

ed concepts of people and machines in the laboratory, referred to as “almost 

colleagues,” that is, almost persons. When dealing with comparatively simple 

machines  like  centrifuges,  it  was  possible  to  understand  the  whole  by  its 

parts, which I think was the reason why they remained non-persons. Finally, 

some machines were not spoken about at all. Those that performed without 

error were more or less forgotten about; they were practically invisible. 

I will  now examine this attribution of personalities to machines and the 

crossing of conceptual boundaries that it entailed. 
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Blurring Categories

When talking  about  certain  machines  as having  personalities  and treating 

them accordingly, the staff crossed the conceptual borders between machines 

and persons. Apparently, this is not unusual in research laboratories where 

people and machines interact closely; Hugh Gusterson and Karin Knorr-Ceti-

na describe similar occurrences (Gusterson 1996: 119ff; Knorr-Cetina 1999: 

111ff). During his fieldwork in a nuclear weapons laboratory, Gusterson en-

countered “metaphors that fuse the characteristics of humans and machines” 

(Gusterson 1996: 123), blurring the two into one another as they exhibit each 

other’s  characteristics.  Scientists  in  the  laboratory  where  Gusterson  per-

formed his study spoke about weapons in terms of human bodies; they talked 

about the inside of weapons as “the guts” or about performing “a ‘lobotomy’ on 

a weapon that had turned out wrong” (Gusterson 1996: 122). Conversely, they 

sometimes spoke about people as “components”  in systems and referred to 

communication between people as “interfacing,” terms that typically are used 

for speaking about machines (Gusterson 1996: 121). 

The scientists that Knorr-Cetina describes in Epistemic Cultures (1999) as-

cribed  characteristics  that  usually  are  appropriate  for  speaking  about  ma-

chines to organisms and the other way around. The molecular biologists’ work 

revolved around turning organisms – animals and cells – into machines, that 

is, making the unpredictable behave predictably and eradicating individuality. 

Mice were treated in a standardized way to produce laboratory animals that 

fitted neatly into laboratory work. The mice were transformed from individual 

organisms into cogs in the machinery of producing knowledge. Even the sci-

entists’  use  of language  showed that they  imaged these  organisms as ma-

chines, Knorr-Cetina maintains, not least the use of the term “genetic engi-

neering” (Knorr-Cetina 1999: 138ff). 

The border crossing occurred in the opposite direction, as well. The physi-

cists studied by Knorr-Cetina “construe detectors as social and moral individ-

uals” when speaking about them (Knorr-Cetina 1999: 119): These machines 

had “responsibility,” could be “trusted” or “distrusted,” they could be “good” or 

“bad,” might be “acting up” or be “confused” and could, finally, be “played off 

against one another.” They could even be “sick” or simply “crazy” (Knorr-Ceti-

na 1999: 116ff). In this way, she maintains, they were spoken about as a kind 

of organisms both in a social and moral and in a physical way; after all, sick-

ness requires a body that can become sick. Knorr-Cetina emphasizes that she 
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does not refer to occasional anthropomorphizations, but to a whole system of 

metaphors that classify detectors as organisms (Knorr-Cetina 1999: 283f). 

While the staff in the laboratories I visited spoke about some of their ma-

chines in similar terms as the physicists Knorr-Cetina studied, I do not think 

the staff there classified their machines as organisms, neither did they speak 

about human beings as machines. From what I observed in the laboratories, I 

infer that there was a dichotomy between humanness and machineness on 

the one hand and another differentiation between reliable, infallible ideal ma-

chines and real machines that were – figuratively – ascribed personalities on 

the other.  The second differentiation was one  of machineness  and person-

hood. Machines that seemed to act in an unmachinelike way were classified 

as more persons than machines. They were almost colleagues who somehow 

reintroduced the very human factor that they were supposed to remove into 

laboratory work. 

These machines lost much of the qualities associated with machineness, 

and,  accordingly,  malfunctioning  machines  were  seen  as reintroducing  the 

human factor when they made mistakes. Rather than only  one category of 

machines-as-organisms as described  by Knorr-Cetina,  there  were  thus two 

categories of machines, namely ideal machines and real machines, some of 

the latter with personalities.

Another reason for thinking that the border crossed was that between ma-

chines and persons rather than the one between machines and organisms 

was that in speaking about (and, occasionally, to) malfunctioning machines, 

the staff treated them more as persons than just as organisms. In the exam-

ples  given  by both Knorr-Cetina and Gusterson,  scientists’  talk about  ma-

chines and weapons often revolved around bodies, for example being sick, or 

insides being referred to as guts. Some of Knorr-Cetina’s examples go further 

than the body, ascribing moral qualities as well; detectors could be trustwor-

thy or untrustworthy, good or bad. I would see these qualities as qualities as-

sociated with persons rather than as qualities commonly ascribed to organ-

isms.

In my material, the ascription of personal qualities is even clearer; in some 

cases it was an ascription of personalities rather than separate qualities. In 

comparing two robots – none of which had a body that made it look even re-

motely  human, as all  of  the  robots  in  the different  laboratories  were  built 

more or less like boxes or cupboards – staff members could say that one was 

being “nicer”  (in the sense of kind or friendly)  than the other. Instead of ex-
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plaining the second one’s occasional malfunctions in terms of failing parts or 

a bug in the program, they were described in terms of a less “nice” personali-

ty. The laboratory staff very rarely spoke about the computers that most in-

struments interfaced with in terms of software, either.47 Instead, the instru-

ment and computer were usually referred to as a unity with particular quali-

ties and individual quirks. 

Machines were even assigned a gender. When they were talked about as 

unities with personalities – most often when they did not work to satisfaction, 

but occasionally in contrast to malfunctioning ones, like the first robot – they 

were referred to as “he” instead of “it.” “The machine is always a he,” I was 

told by a research engineer, though she did not have an explanation for this, 

neither did she seem to need one.48 

Machines might also be seen as in need of protection from the supernatu-

ral. A research engineer told me that in the laboratory where she worked be-

fore she started her current employment, all laboratory machines had what 

she called “sort of little house gods” attached to them in order to keep them 

from malfunctioning. These house gods were very useful, she said; they pro-

vided people with something to grumble at when the machines eventually did 

malfunction. Apparently, these house gods were rather tongue-in-cheek, and 

far from common in other laboratories, but still the staff at that particular lab-

oratory  had  associated  malfunctioning  machines  with  the  need  for  super-

natural protection, at least jokingly.49 

While  speaking about machines in terms that ordinarily apply to people 

was a quite common occurrence in the laboratories, the reverse never hap-

pened, as far as I witnessed. I never heard people’s ability expressed in terms 

of  machines.  While  it  seems  conceivable  that  someone’s  professional  skill 

might be complimented by likening it to a machine’s work, at least in the case 

of tasks that required precision rather than creativity, I never observed any-

thing like that. One reason might be that people were too aware of the human 

factor and paid more attention to mistakes or possible mistakes than to things 

going right. In this way, the borders between persons and machines were only 

blurred in one direction, namely in describing complex machines that seemed 

47 Those who set up these machines or wrote software for them probably would have 
spoken about software and parts, as it would have been their job to take apart the 
different components which the users simply referred to as “the machine” or, even 
more succinctly, “he.”

48 In some laboratories, though not the ones I visited, machines are given personal 
names that may be feminine. 

49 An alternative explanation might be that this was how they dealt with feeling de-
pendent on their machines for being able to do their work. 
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to act on their own in terms of personalities. This blurring of categories was 

connected to agency; more precisely, to material agency in the form of ma-

chine agency.

Material Agency

A machine that was described as having a mind of its own, refusing to work, 

or wanting its user to do something, like the complex laboratory machines in 

cases of malfunction, was implicitly ascribed with agency and intentions of its 

own. This ascription clashed with the contrasting categories  of humanness 

and machineness described in chapter 7: When speaking about humans and 

machines in general terms, that is, when creating and communicating mean-

ing  about  humans  and  machines,  the  staff  associated  agency  and  in-

tentionality  exclusively  with  human beings,  intentionality  in  the  form of  a 

sense of direction or purpose being one of the criteria with which humans and 

machines were contrasted. 

However, when speaking less generally,  as when discussing a particular 

step of work or a particular machine in the laboratory, agency and sometimes 

intentionality  were  not  as  exclusively  reserved  for  human beings.  Material 

agency in the form of agency ascribed to certain machines was the most ap-

parent. Agency (although the laboratory staff did not use the term) was as-

cribed to other things than machines, as well: When speaking about samples, 

both in general and in particular, the laboratory staff often talked about bio-

logical material as being unpredictable and as contributing uncertainty with 

this unpredictability.  The biological  material  was attributed a sort of capri-

cious agency that might take the form of resistance to human actions and 

goals. 

More particularly, DNA, proteins, and enzymes were often described as ac-

tive agents which were going somewhere (proteins moving from one side of a 

gel to the other), chewing apart something (enzymes digesting proteins), or at-

taching themselves to something else (DNA affixing itself to a chip). In some 

cases the activity was described as caused by machines, for example the cur-

rent generated by the electrophoresis device that caused the proteins to move, 

in other cases the activity was seen as an inherent quality, as in enzymes that 

just had to be added to a sample. 

The success of the staff’s work depended on this activity. Nevertheless, this 
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success was also jeopardized by material (and sometimes human) agency; for 

example by the unpredictability of biological material and thus by reactions 

not taking place, by machines malfunctioning, or by human beings making 

mistakes. 

Material agency, both machine agency and that of the biological material or 

its components, became most apparent when it did not align with human in-

tentions. While DNA or proteins might be described as going somewhere they 

were supposed to go or machines as doing something they were supposed to 

do, material agency that conformed with the staff’s goals usually was not spo-

ken about very much. Material agency that did not follow the expected course 

was more apparent in discussions, as with the capricious agency ascribed to 

biological material in general or the machines that needed “coaxing” to make 

them work properly.

With intentionality restricted to human beings, it seems quite reasonable 

that many authors describe or introduce material agency in terms of “resis-

tance”  (Pickering  1995:  54),  as  appearing  in  atrocity  stories  (Knorr-Cetina 

1999: 106ff), or in terms of how “smoothly” work proceeds (Suchman 1987: 

101). When humans bring goals,  intentions and plans to their  interactions 

with matter, material agency becomes most noticeable when it is not aligned 

with human intentions. In the case of machine agency, it not only became no-

ticeable in the laboratories I visited, it also induced the ascription of personal-

ities and almost-personhood to certain machines. 

Machines as Almost Persons 

Traditionally, agency and intentionality have been regarded as qualities that 

are uniquely human, so uniquely human that agency and personhood are re-

garded as closely connected. Agency and, even more, intentionality are often 

regarded as an essential part of defining what constitutes a person. Converse-

ly, agency can be used as a criterion for determining personhood, as Turkle 

shows in a discussion of children and adolescents’ reactions to and relation-

ships with computers. She reports that children reasoning if a computer toy is 

a person debate whether it only appears to be alive – after all, it does things, 

that is, it exhibits agency – or if it really can think and cheat and want to do 

something. The latter ability would make it alive and a person in their eyes 

(Turkle 1984: 19ff).
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What the children in Turkle’s study tried to do was to create meaning in 

their encounter with the computer toy by classifying it as a machine or living 

being and possibly a person according to the qualities it exhibited or seemed 

to exhibit. Similarly, the laboratory staff could speak about (and often to) ma-

chines that appeared to exhibit qualities or behavior usually associated with 

people according to these qualities or behaviors. 

Whereas in other cultures a person does not necessarily have to be human 

(see  for  example  Fortes  1987:  249;  Jackson  and  Karp  1990:  16f)  –  even 

though the model and point of reference for personhood usually seems to be 

the human person (Fortes  1987:  253)  –  in  Western cultures  being  human 

seems to be required for being regarded as a full person. Animals and things 

can only achieve almost-personhood. 

French sociologist Marcel Mauss, whose work has had great influence on 

both sociology and anthropology, traces the concept of the (human) person in 

Western thought through history, summing up what he sees as the develop-

ment of the concept like this:

“From a simple masquerade to the mask, from a ‘role’ (personnage) to a 
‘person’ (personne), to a name, to an individual; from the latter to a being 
possessing metaphysical and moral value; from a moral consciousness to a 
sacred  being;  from  the  latter  to  a  fundamental  form  of  thought  and 
action...” (Mauss 1985 [1938]: 22; italics in original).

Mauss cites several key aspects of personhood that still hold: a person is an 

individual that possesses consciousness, morality and value in itself.  More-

over, personhood is a social and cultural category that may vary between cul-

tures. 

Being a cultural  category,  personhood is  ascribed rather  than inherent. 

Anthropologist Meyer Fortes points out,

“If society is the source of personhood, it follows that society can confer it 
on any object it chooses, human or non-human, the living or the dead, ani-
mate or inanimate, materially tangible or imagined...” (Fortes 1987: 253).

In other words, what is regarded as a person and what is not is a cultural 

convention and part of the cultural creation of meaning.

In the laboratories, the machines with which individuals established what 

was described as personal relationships were attributed personalities  when 

they appeared to act on their own, that is, when they seemed to possess the 

agency and intentionality that are so closely connected to personhood. 

Nevertheless,  even though people,  both in the laboratories  and in other 
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places, colloquially speak about and treat machines as if they were alive and 

conscious, they usually are quite clear that machines are not actually alive 

and not actually perform conscious, intentional actions. 

Even  though  the  laboratory  staff  ascribed  to  some  machines  personal 

qualities or even personalities and described them as almost colleagues, they 

were only almost colleagues, not real ones. When essentially human qualities 

are attributed to machines, as in Knorr-Cetina’s material (Knorr-Cetina 1999: 

chapter 5) or mine, it is treated as something that should be an abnormality. 

Both the physicists Knorr-Cetina interviewed and the laboratory staff I spoke 

with added cautionary clauses to their descriptions of machines as persons. 

One  of  the  physicists  whom Knorr-Cetina  reports  as  saying  “we  love  our 

calorimeter” immediately modified his statement with, “if you may say so, psy-

chologically.” Another of her interviewees hedged, “in a way we shouldn’t care 

at all about the detector,” before saying, “[b]ut in reality, okay, we live so long 

with that object, it’s like a human being ...” (Knorr-Cetina 1999: 122). The lab-

oratory technician who explained to me how some machines were almost like 

colleagues immediately added, “even though it shouldn’t really be like this,” 

and a laboratory leader who told me that “most people will talk to those ma-

chines” preceded this with “I’m not sure how willingly they admit it,” indicat-

ing that talking to machines might seem a bit strange. 

Apparently, all of them felt that it was inappropriate to speak about ma-

chines as persons and about relationships with them in terms of friendship 

and even love. It seems that personhood and humanness are too closely con-

nected for speaking about machines in terms usually associated with persons 

without marking that one is well aware that machines are not really persons. 

Speaking about machines as almost persons was thus a way of reconciling 

conflicting cultural categories and meanings.

Personal Relationships with Machines

Not only were some machines spoken about in terms of personalities, the staff 

also described their relationships to these almost-colleagues in terms of per-

sonal relationships. Especially at the larger technology platforms, the labora-

tory staff did not only position themselves as human beings in opposition to 

machines in general, they also placed themselves as individuals in relation-

ships with individual machines. 
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Usually,  there  was a staff  member,  most  often a research engineer,  as-

signed to every machine and responsible for its maintenance, calibration, and 

any problems that might arise with it. Slips of paper taped to each machine or 

sometimes the wall behind it (machines that were used by many people tend-

ed to be plastered with paper slips) told its users the most important rules of 

what to do when using the machines and what not to do under any circum-

stances – usually more of the latter. There were also notes of maintenance 

schedules, including who was responsible for the machine and how to contact 

that person. When others who used it had questions or problems, they would 

turn to the person in charge of the machine, because she was the one who 

was most familiar with it, the one who was said to know the machine best. 

In this, “knowing” the machine was not an entirely accidental expression; 

the relationship between people and machines clearly had personal overtones. 

As one laboratory leader described it:

“Mostly, the thing with the machine is, when people come near [it] for the 
first time, it’s, hhh, oh my God, you know, this machine ..., it’s expensive, 
it’s worth more than I am, ... and eventually it builds up, usually into a 
moderate friendship. ...  There’s an element of personalization, and if it’s 
only, you bastard, [you did] that again.”

This personal relationship here described as “moderate friendship” included 

not  only  using  the  machine,  it  also  included  learning  how to  calibrate  it, 

“playing around” with it in order to become more familiar with it and, ulti-

mately, better at using it and solving future problems, helping others to use it, 

and, which could take quite a lot of time, trying to find solutions for various 

problems. In short, the relationship centered on familiarity. 

In order for such a personal relationship to be established, it seems that, 

as with other personal relationships, spending time with the machine was im-

portant. Staff members who used a particular machine often and for a longer 

period of time tended to speak about it in more personalized terms than visi-

tors to the laboratory or occasional users on the staff. 

Keeping Categories Pure

It could be argued that the boundary crossing involved in categorizing ma-

chines and people in one way and then treating them in another actually is a 

blurring of these boundaries, a mixing up of categories instead of maintaining 
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them. At first sight, this seems curious, as in most societies great efforts are 

made to keep categories pure and borders sharp (Douglas 1994 [1966]), yet it 

was precisely the crossing of these borders that kept the categories intact and 

pure and thus maintained the cut between humans and machines. Machines 

that were perceived as behaving like people, that is, unpredictably, individual-

ly, and with apparent intentionality, were reassigned to another, more fitting, 

category, namely that of almost persons. 

By describing a machine that was “acting up” in terms of having a person-

ality, categories and boundaries remained largely unchallenged. Things that 

behave like machines, even the laboratory animals in Knorr-Cetina’s material, 

are treated like machines, and things that behave like people, for example ma-

chines that act up, are treated like almost-persons. In this way, even though 

these things actually are something else, the categories will not be polluted by 

things that should belong there but behave as if they did not, for example un-

predictable machines that behave with apparent intentionality. By describing 

their  unpredictability and uncertainty in terms of personalities  rather than 

malfunctions, their quirks were associated with the human factor rather than 

contaminating the concept  of machines with their  unmachinelike  behavior. 

Redefining machines that behaved in an unmachinelike way as almost per-

sons not only kept categories clean, it also made it possible to continue think-

ing and speaking of machines as free from agency and intentionality. 

This meant that machines could still be incorporated into laboratory prac-

tices  of  making valid data as tools for achieving mechanical  objectivity.  As 

long as machines as a category could be regarded as free from agency and in-

tentionality and thus unable to contribute the uncertainty and subjectivity as-

sociated with the human factor to laboratory work, individual machines in the 

laboratories could be used for attaining valid data.

Making Machines Reliable

Reclassifying  malfunctioning  machines  as  almost  persons  in  certain  situa-

tions was not the only way of maintaining a cut between humans and ma-

chines. Another way were the staff’s practices of making malfunctioning ma-

chines reliable, that is, making them behave in a machinelike way that con-

formed with the idea of machineness. Besides other elements of their profes-
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sional skill repertoire for making valid data, such as different ways of battling 

uncertainty and professional vision (as discussed in chapters 5 and 6), these 

practices were another element of that repertoire, namely skill in maintaining, 

operating,  monitoring,  and  handling  machines.  One  laboratory  leader 

summed up working with machines like this:

“They are very sensitive, very – it takes a lot of coaxing ... to work properly, 
and when they work properly, they work beautifully ... you just ... have to 
spend so much time with them, is all...”

It was precisely  this coaxing that kept machines working in a machinelike 

way. Machines worked reliably and predictably because the staff made sure 

they did.

As one way of making sure that machines worked reliably, the staff moni-

tored machines performing tasks, checking on them to see whether they were 

working smoothly and whether everything seemed in order. This was especial-

ly true for those machines that were assigned the status of almost persons; 

those machines that were ascribed with willful personalities and with not be-

ing nice were monitored rather closely. A pipetting robot in one of the labora-

tories that was often unfavorably compared to another, much “nicer” robot, 

was very rarely left alone when working, as it sometimes veered a little and 

spilled a small amount of the fluid it was transferring. The research engineer 

who used it while I was there explained that, although it should not be like 

this, it was much better to sit beside it, watch it work, and, if necessary, ad-

just the plates of wells. It was simply not worth going away to do a few min-

utes’  work somewhere else and come back to a spoiled plate and not even 

know what exactly had happened, she said.50 

The  robot’s  classification  as  almost-person  led  to  a  closer  monitoring, 

which in turn meant that the human factor that it was said to reintroduce 

into laboratory work was eliminated as much as possible by the staff. This 

was reminiscent of how the staff tried to minimize their own risk of making 

mistakes by monitoring themselves. Paraphrasing Daston and Galison (1992: 

120), as these machines were themselves seen as afflicted with the human 

factor, they could not replace human self-restraint and perform work that was 

free  from  intervention.  Instead,  the  staff  had  to  keep  the  machines  from 

adding uncertainty. 

50 Apart from this, she was very clear that she preferred the robot to do this task, as 
pipetting such large amounts of samples by hand was rather hard on the shoulder, 
arm, and hand. 
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Another, rather routine form of making sure that an instrument worked 

properly was calibrating it. It was the person responsible for the machine, at 

the technology platforms usually a research engineer, who ran a few samples 

with known contents on the machine, checking if the instrument’s output was 

as expected, and, if it was not, adjusting the machine until it was. A further 

routine practice of keeping machines working smoothly was regular mainte-

nance and cleaning. Machines that worked with fluids, like the machine that 

rinsed the remains of the samples off the gene chips in expression analysis, 

had cleaning programs that were run at the end of the week or month, rinsing 

potential residue out of tubes and valves. Routine maintenance also meant 

things  like  keeping  track  of  how many times  the  buffer  fluid  for  gel  elec-

trophoresis had been used and replacing it after a set number of times. 

Such routines were done for all instruments and machines, either by the 

person responsible for it or, as in the case of replacing buffer, by the person 

who happened to use it for the time set as the maximum. While all machines 

were  subjected  to  scheduled  routines  of  maintenance  and, where  suitable, 

calibration regularly and independently of their performance, cleaning or cali-

brating a malfunctioning machine ahead of schedule could also be a way of 

coaxing it back to working properly.

Coaxing could take different forms. It could be rather simple, like restart-

ing a machine that was acting in a “weird” way, but often there was a clear 

connection to a personal relationship with the machine in question. In part, 

this was because seeing whether a machine was working properly or acting 

weirdly could require quite a lot of familiarity with it. The pipetting robot, for 

example, that was described as not wanting to start as it wanted the nonexis-

tent disposable tips on its pipettes removed first, could be coaxed to work by 

pulling on the pipettes in a certain way. The laboratory technician – rather 

new on her job – who tried to start the robot explained that this was not the 

first time this happened. She assumed, she continued, that the pipettes had 

to be exactly aligned but were not, although she had difficulty in seeing the 

misalignment she suspected to be there. In the end, she had to ask someone 

who knew the machine better or, in other words, had acquired more experi-

ence and thus more professional skill as well as developed a closer relation-

ship with the machine, to help. This other person realigned the pipettes with a 

few deft pulls and pushes, making the robot ready to work. 

Another form of coaxing was trying to find a way of working that suited a 

machine. This ranged from rather general ways of controlling a room’s temper-
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ature and humidity in order to give machines that were regarded as sensitive 

the best possible environment, to more specific ways as for example trying to 

find a machine’s preferred speed. The latter was done in one of the laborato-

ries with a robot that set tiny drops of liquids on glass slides. These drops had 

to be set into a perfect grid and had to dry into perfectly regular spots in order 

not to cause data loss later in the process. The robot, however, set them in 

slightly crooked lines and as quite irregular drops, causing a member of the 

staff to spend considerable  time trying out whether  different  speeds would 

yield better results. 

There were also less marked ways of coaxing machines to work properly, 

for  example  by  inserting  samples  in  an  especially  careful  way,  attaching 

“house gods” to it, or speaking to the machine while working with it. 

Maintaining Machineness, Maintaining Cuts

In this part, I discussed how machines were used in laboratory practices of 

making valid data in order to create mechanical objectivity. This required  a 

cut (Barad 1998: 95, 1996: 183, 2003: 815) between humans and machines, 

as machines could only be used for creating mechanical objectivity when their 

results could be seen as produced free from human intervention and interpre-

tation, that is, free from human agency and intentionality. In the laboratories 

I visited, this cut was made by first establishing and then maintaining oppos-

ing concepts of humanness and machineness.

When speaking about humans and machines in general, the important dif-

ference between humans and machines was implicitly spoken of as a differ-

ence in agency and, most of all, intentionality. Humans, in contrast to ma-

chines, possessed both agency and intentionality, as well as the ability to cre-

ate meaning and thus to understand and place situations within a social and 

cultural context. Machines’ lack of intentionality made them unsuited to tasks 

that required creativity and decisions, as creativity requires intentions. At the 

same time, their lack of intentionality made them well-suited to tasks that did 

not require decisions or creativity. Precisely because of this lack of intention-

ality, they were regarded as better suited to these tasks than human beings, 

as their inherent inability to make decisions also prevented them from making 

mistakes and, most of all, from making the wrong decisions. Because of ma-
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chines’ lack of intentionality, they were perceived as unable not to do as they 

were commanded (apart from occasional failure that may be seen in connec-

tion with a general resistance from the material world), and so they were de-

scribed as predictable  and reliable.  Their  lack of creativity meant that ma-

chines could be used for achieving certain and objective data in terms of me-

chanical objectivity as described by Daston and Galison as free of human in-

tervention (Daston 1992; Daston and Galison 1992), but it also made human 

supervision necessary. 

There were machines in the laboratories, however, whose malfunctions and 

particular quirks gave the impression of and were spoken about as both agen-

cy and intentionality. Instead of seeing this as a contradictory way of speaking 

about  and treating  machines,  I  have  argued  that  there  were  two  different 

kinds of machines; on the one hand, ideal machines, that is, machines as a 

concept, which do not possess intentionality and therefore are predictable, re-

liable and usable for removing the human factor and thus attaining valid da-

ta. On the other hand, there were real machines, that is, machines which ap-

peared to act with intentionality and whose actions were described in terms of 

personalities. Rather than blurring the boundaries between humanness and 

machineness,  this  ascription  of  almost-personhood  to  individual  machines 

kept the categories pure. Thus it maintained a cut between humans and ma-

chines by making sure that machines whose behavior did not correspond with 

the concept of machineness were redefined as almost persons, a category for 

which unpredictable behavior and the human factor was inherent. These cuts 

between  humans or persons  on the  one  hand and machines  on the other 

hand  were  maintained  or  shifted  according  to  context;  the  same  machine 

could be spoken of as predictable and safe or as having a mind of its own in 

different situations. 

Another way of keeping the categories pure and thus maintaining the cut 

between humans and machines was monitoring machines and, where neces-

sary, coaxing them into machinelike behavior. In this way, machines and in-

struments were safe and reliable, because the laboratory staff made them so. 

Using Barad’s framework of agential realism made it a necessity to study 

the laboratory staff’s concepts of humans and machines in connection with 

their laboratory practices. Barad’s focus on boundaries being made through 

practices and on the importance of both matter and meaning helped under-

score the importance of a number of factors for laboratory practices of making 

valid data. The factors I discussed as central to these practices were norms 
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and ideals of good science as established and anchored within larger research 

communities, among them notions of valid data, reproducibility, and objectivi-

ty; the staff’s professional skill repertoire with which they performed this good 

science;  as  well  as  notions  of  humanness  and  machineness.  In  terms  of 

Barad’s intra-action, these factors not only were part of how the staff created 

meaning in their laboratory work, they also played a part in shaping laborato-

ry practices of making valid data and thus the data itself.

Barad does not say very much about her concept of meaning when she 

calls phenomena “the place where matter and meaning meet” (Barad 1996: 

185).  She  paraphrases  this  meeting  as one  of  “word and world,” speaking 

about the reality that is constituted through these phenomena as “material-

cultural” and about scientific production as culturally situated (Barad 1996: 

185; italics in original), so it appears safe to assume that she refers to some 

kind of cultural meanings. 

Connecting  her  notion of  meaning with a cultural  perspective  based on 

Geertz’s notion of culture as a web of meanings that are communicated, per-

petuated, and developed (Geertz 1973a; 1973b) may or may not be how Barad 

understands cultural meaning. It made it possible,  however, to analyze the 

making of valid data as a set of cultural practices that at the same time creat-

ed  meaning,  both  about  the  material  world  and about  doing  scientific  re-

search, and created order, both by constituting reality through the creation of 

phenomena and by constantly shaping and reshaping themselves. 
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9 Conclusions

In this study, I have shown how people and machines in five laboratories in-

tra-acted in order to produce valid data against a backdrop of uncertainty. 

The focus of the study is on how laboratory staff in the different laboratories I 

visited transformed samples into valid data and the role machines played in 

this transformation. Making data is one step in a much longer process of pro-

ducing knowledge in the laboratory, but it is also a part of this process that 

has been studied very little. Neither have the relationships between humans 

and machines been studied in a way that links them to scientific practices. 

This study is meant as a contribution to closing these analytical gaps.

In order to study these laboratory practices, I did ethnographic fieldwork in 

five laboratories, combining observations with both formal and informal inter-

views. Not only did ethnography provide the methodological tools for studying 

laboratory practices, it also made it possible to study them as cultural prac-

tices, focusing on the laboratory staff’s creation of meaning in and through 

their work. Studying laboratory practices in terms of cultural practices made 

it possible to see how cultural categories and classifications were intertwined 

with laboratory practices of making valid data. 

Understanding these local laboratory practices contributes to understand-

ing scientific practices on a more general level. For one, it is important to ac-

knowledge that data is not a direct visualization made without human inter-

vention, but is produced with the laboratory staff’s professional skill, through 

human, machine, and material agency. In analyzing these particular practices 

of making data, it becomes possible to identify these agencies and situate the 

data or, on a more general level, the knowledge that is produced within a par-

ticular cultural context. In the words of Shapin and Schaffer, identifying the 

role of human agency in the making of data means regarding this data as in-

terpretations rather than matters of fact, as something actively made rather 

than passively mirrored reality (Shapin and Schaffer 1989 [1985]: 23).

Secondly, analysis of the intra-action of humans and machines in terms of 

culture is of significance for understanding machines’ positions within scien-

tific practices. As complex machines more and more become part of scientific 

research and thus play more and more essential roles in the production of 
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knowledge, it is important to examine which roles they are assigned and why. 

How machines  are  fitted  into  laboratory  practices  and thus  into  scientific 

practices  has effects  for  both these  practices  and the  knowledge  produced 

through them. Accordingly,  researchers’  concepts  of  and relationships with 

their laboratory instruments should be studied and acknowledged as an im-

portant part of scientific practice. 

Since scientific knowledge plays a considerable role in society as a whole, 

understanding practices of producing this knowledge is a question of social 

and cultural impact, as well. 

The Making of Valid Data

The laboratories I visited were five rather different laboratories in the southern 

half of Sweden: two research laboratories and three technology platforms of 

differing sizes. All of them belonged to or were associated with both an organi-

zation for genetic research, Swegene or Wallenberg Consortium North, and a 

local university. All of them conducted research connected to genetics, albeit 

quite different aspects of it. 

The  laboratories  very  clearly  were  part  of  larger,  international  research 

communities. While laboratory work was done locally, it was done within the 

context of these research communities.  With regard to making data, it was 

very clear that the laboratory staff produced data with its reception in their re-

search community in mind. It was evident that concepts such as valid data as 

well as norms and ideals of good science, that is, that valid data was defined 

as reproducible data and how it could and should be achieved, were anchored 

in this research community. In this way, the research community’s norms and 

ideals affected local laboratory practices quite considerably. 

Transforming Samples into Valid Data

The part of laboratory work this study focuses on was turning samples into 

data. I wanted to understand how the staff achieved the transformation from 

samples, which often were a few drops of clear liquid in very small test tubes, 

to data that meant something to them. In other words, how could these drops 
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of liquid be converted into information and how could the staff be sure that 

this information was correct?

I analyzed the making of data as a two-step process. First,  the samples 

were turned into raw data. This raw data consisted of representations or in-

scriptions, the latter a term coined by Steve Woolgar and Bruno Latour, de-

noting the transformation of matter, in this case samples, into written docu-

mentation  (Woolgar  and  Latour  1986  [1979]:  51f),  a  transformation  that 

Stephen Barley and Beth Bechky refer to as a translation from the material to 

the symbolic realm (Barley 1996; Barley and Bechky 1994). Representing mat-

ter like this entails, as Michael Lynch points out, both that the representa-

tions can be manipulated and combined in a way the samples could not and 

that  the  representations  influence  how  the  material  can  be  known  and 

thought about (Lynch 1985b: 43ff). 

These  inscriptions  or  representations  were  made  with  the  help  of  ma-

chines. As these very specialized instruments required the samples to be in a 

certain form to be processable, the staff prepared them for analysis by bring-

ing them into that form. 

I have shown that when preparing samples and creating raw data, the lab-

oratory staff’s primary concern was the uncertainty brought into the process 

by, among other things, the uncertainty perceived as inherent  in biological 

material, uncertainty contributed by new processes and machines, as well as 

the uncertainty brought about by what the laboratory staff called “the human 

factor,” that is, the ever-present risk of a human being breaking something or 

making a mistake they do not notice or decide to pretend not to have noticed.

The  staff  battled  uncertainty,  establishing  and  re-establishing  certainty 

with the help of machines and of their professional skill, balancing uncertain-

ty against resources. Elements of their professional skill repertoire were, apart 

from monitoring the samples’ progress as much as possible, knowing how to 

be on the safe side, that is, which degree of caution was necessary to succeed 

with  the  preparation,  pooling  individual  skills  in  collective  interpretations, 

and decreasing the uncertainty of “the human factor” by using machines. The 

staff’s professional  skill  not  only comprised battling uncertainty, it  also in-

cluded doing so efficiently, knowing where to draw the line between justifiable 

caution and waste of resources. 

The second step of making valid data was turning the raw data into data by 

means of interpretation, that is, with the help of the laboratory staff’s profes-

sional vision, another element of their professional skill repertoire. I used the 
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term professional vision, a concept developed by Charles Goodwin (Goodwin 

1994, 1995), in order to refer to the ability to look at the raw data and see 

meaningful results where others would see pointless dots and squiggles. As 

Goodwin argues, professional vision is anchored in a professional communi-

ty’s intellectual frameworks and interpretive structures that provide a guide 

for how members of this community see (Goodwin 1995: 263). Acquiring this 

professional vision is an important part of becoming a member of a profes-

sional community (Goodwin 1994: 615). 

In interpreting raw data, the inscriptions made in the first step of making 

data were turned into immutable mobiles, Latour’s term for inscriptions that 

are a combination of other inscriptions and thus are more complex  (Latour 

1990: 26ff). To use Barley and Bechky’s differentiation of the material and the 

symbolic realms, while making inscriptions entails a translation from the ma-

terial to the symbolic, making immutable mobiles from inscriptions requires 

manipulations within the symbolic realm. 

The immutable mobiles the laboratory staff made, the data, that is, con-

tained more information than the raw data had. The staff could look at raw 

data and, with their professional vision, see data, because they knew the con-

text within which the raw data was made; they were familiar with the analyses 

and knew what their results usually looked like, what could go wrong, and 

how to understand anomalies.  In short,  they could see  what the raw data 

meant. In order to make immutable mobiles from the raw data, they added 

that context and information, so that the data required less professional skill 

in  order  to  be understandable.  This meant that  data could more easily  be 

transported to contexts outside of the laboratories and to a wider readership. 

By bringing together Woolgar and Latour’s theoretical concept of inscrip-

tions  (Woolgar  and  Latour  1986  [1979];  Latour  1987,  1999),  Latour’s  im-

mutable mobiles (Latour 1990), and Goodwin’s notion of professional vision 

(Goodwin 1994, 1995) as embedded within a cultural community, this study 

aims to  contribute  to  an understanding  of  how data within  laboratory  re-

search can be conceptualized and how its production can be understood. The 

importance of professional vision also implies that research data already con-

tains a measure of interpretation, instead of directly making samples visible 

without any human intervention. 

I have shown that the main concern in interpreting raw data with the help 

of professional vision was with making objective interpretations, that is, inter-

pretations without individual variation. An objective interpretation is a repro-
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ducible one, and a reproducible interpretation leads to reproducible and thus 

valid data. Consequently, the laboratory staff strove to remove as much sub-

jectivity as possible from their interpretations. The preferred way of eliminat-

ing subjectivity, however, was transferring as much of the interpretations as 

possible to machines. In part, professional vision as embedded in the profes-

sional  community  provided  a  standardized  way  of  seeing,  not  allowing  for 

much individual  variation in this  interpretation.  Staff  members  also  asked 

others’ advice, reducing this variation further. 

The laboratory staff’s professional skill was an important factor for making 

valid data. Their skill repertoire held elements that were similar to the compo-

nents of “contextual knowledge” that Barley discusses in his study of techni-

cians (Barley 1996: 424). Barley, both on his own and in collaboration with 

Bechky,  describes  these  technicians  as  brokers  between  the  material  and 

symbolic  realms,  translating  material  phenomena  into  representations  and 

using theories and information in taking care of material systems such as for 

example  machines  or  cell  cultures  (Barley  and  Bechky  1994:  89ff;  Barley 

1996: 422ff). This brokering, Barley argues, is part of a symbiotic division of 

work that allows scientists to move exclusively in the symbolic realm. Accord-

ing to Barley, technicians achieve the mediation between the material and the 

symbolic by specialized knowledge and skills which he calls contextual knowl-

edge (Barley 1996: 418ff). 

This  contextual  knowledge  is,  in  contrast  to formal  knowledge  acquired 

through formal training, acquired through experience. Barley describes sever-

al components of contextual knowledge, some of them quite similar to the ele-

ments  of  professional  skill  I  encountered  in the laboratories.  His  “semiotic 

knowledge”  (Barley  1996:  425)  for  example  is  rather  similar  to  what  I  de-

scribed as the laboratory staff’s professional vision. 

His notion of contextual knowledge, together with Boel Berner’s emphasis 

on a social aspect of skill, namely that skills are a necessary part of creating 

meaning in one’s work (Berner 1999: chapter 3), has helped to understand 

the importance of professional skill in the laboratories I visited. The laboratory 

staff’s professional skill was necessary for both the translation from samples 

into raw data and the subsequent transformation into data. It also was neces-

sary for operating  and taking care  of  the laboratories’  technology  and ma-

chines, as for example in practices of coaxing malfunctioning machines to be-

have in a machinelike way. Drawing attention to the social aspect of skill, that 

is, skill as a prerequisite for meaningful participation in the professional com-
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munity in the laboratories, tied the individual’s  skill  to both the particular 

laboratory and a larger  research community.  Through this social  aspect  of 

shared meanings, the research communities’  norms and ideals of good sci-

ence were incorporated into laboratory practices in a very similar way to how 

Goodwin describes professional vision as embedded in a professional commu-

nity (Goodwin 1994: 615). 

By linking the making of valid data to the laboratory staff’s professional 

skill, this study emphasizes both how valid data is situated within and pro-

duced by particular practices and the importance of the laboratory staff and 

their skill as part of these practices. 

Incorporating Machines into Laboratory Practices

Machines played important roles in the laboratories I visited, especially at the 

technology platforms which were established specifically in order to give re-

search groups access to state-of-the-art technology, technology that included 

complex instruments. Machines were used for a number of purposes. Repeti-

tive routine tasks for example were delegated to them in order to spare the 

staff from wearing out their shoulders, arms, and hands. Machines such as 

pipetting robots increased, in addition, the laboratory’s throughput, making it 

possible  to  analyze  large  numbers  of  samples.  The  instruments  that  were 

used in order to turn samples into raw data – inscription devices in Woolgar 

and Latour’s term (Woolgar and Latour 1986 [1979]: 51f) – made the otherwise 

invisible accessible. Machines also were assigned a central role in laboratory 

practices of making valid data. They were used for removing “the human fac-

tor” and for decreasing uncertainty and eliminating subjectivity in order to at-

tain valid data. 

However, it is far from self-evident why a machine should produce less un-

certainty and more objective interpretations than a human being with the lab-

oratory staff’s professional skill; in other words, why a machine should be a 

better tool for attaining valid data. I used the elaborate concepts of human-

ness and, especially, machineness that the laboratory staff had developed as 

the key in order to understand why machines were given this central role in 

the making of valid data. 

I have shown that machines in general were contrasted with human beings 

in terms of agency and intentionality. Because machines in general were per-
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ceived as lacking intentionality, they were regarded as unable to make deci-

sions. Being unable to make decisions includes being incapable of making the 

wrong decisions, and so machines were spoken about as being infallible and 

being more predictable and reliable than human beings. In contrast, humans 

were associated with “the human factor,” but also with creativity and a sense 

of purpose. This difference in agency between human beings and machines 

made humans more suitable for tasks that required creativity, whereas ma-

chines were used in order to reduce the uncertainty and subjectivity brought 

into laboratory work by the human factor. 

I argued that these concepts of humanness and machineness were both a 

way of creating meaning in encountering complex machines in everyday work 

practices and a way of ordering these practices. Turkle’s work revolves around 

how people construct their identities through the encounter with the comput-

er, and, according to her, the computer works as an “evocative object,” a mir-

ror in which to reflect about oneself (Turkle 1984: 319). Similarly, the staff 

contrasted  the  machines  in their  laboratories  to  human beings  when they 

spoke about them; reflecting about machines implied reflecting about human 

beings, defining each of them through the other. Speaking about humans and 

machines in this way placed them in a dichotomy, as opposites.

Seen in combination with Barad’s framework of agential realism, establish-

ing these  concepts  of  humanness  and machineness  meant making a “cut” 

(Barad 1998: 95, 1996: 183, 2003: 815)  between  them. Barad argues that 

subject and object or observer and observed are not pre-existing givens but 

are made by drawing boundaries, in her words by making cuts. Instead of see-

ing scientific  research as a subject,  the  scientist,  observing  an object,  she 

speaks about both observer, observed, and instrument as part of an insepara-

ble apparatus that produces what she calls “phenomena” (Barad 1998: 98ff), 

the places “where matter and meaning meet” (Barad 1996: 185). She draws 

attention to this inseparability by speaking about the intra-action of the parts 

of the apparatus as opposed to interaction, which presupposes these parts to 

be pre-existing entities (Barad 1998: 96ff).

Following Barad, the laboratory staff did not simply regard themselves in 

the mirror of the machine. By establishing concepts of what humans and ma-

chines were, they established them as discrete parts of the apparatus of mak-

ing valid data, thus making a cut between humans with the particular quali-

ties and abilities associated with them on the one hand and machines with 

their particular qualities and abilities on the other. The dichotomy shaped by 
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seeing  humans  and machines  in  contrast  to  each  other  meant  that  these 

qualities and abilities were also contrasting ones.

This cut between humans and machines disassociated machines from the 

human factor and thus from the uncertainty and subjectivity associated with 

human beings.  Instead,  it  established machines  as infallible  and objective, 

making them tools for attaining valid data. 

However, not all  machines in the laboratories  appeared to act in a ma-

chinelike  way  at  all  times.  Individual  machines  were  attributed  with  both 

agency and intentionality when they malfunctioned without apparent reason 

in a way that gave the appearance of the machine ‘having a mind of its own.’ 

I have shown that those malfunctions were described in terms of personali-

ties  ascribed to  these  machines.  Some machines  were  classified  as almost 

persons,  a classification that crossed the borders  between personhood and 

machineness. I argued that instead of blurring borders, this classification of 

malfunctioning machines helped keep the category of machines as infallible, 

predictable, and reliable, unpolluted by those machines that acted in an un-

machinelike way. 

This meant that machines could still  be regarded as infallible  and thus 

suitable for making valid data: those machines that were regarded as almost 

persons themselves and thus were said to reintroduce the uncertainty of the 

human factor were kept out of the category of machineness. Their almost-per-

sonhood also meant that their work was closely monitored and that the labo-

ratory staff, if it should become necessary, coaxed the machines to work as 

expected. 

Keeping categories of humanness and machineness intact and unpolluted, 

both by redefining unmachinelike machines as almost persons and by work 

practices that coaxed machines into machinelike behavior, made it possible to 

make and maintain a cut between people and machines, that is, regard them 

as separate and independent from each other. 

Regarding machines as lacking in intentionality and thus as unable to act 

on their  own,  along  with  a perception  of  machines  as separate  from their 

users was important for laboratory practices of making data. Since machines 

were thought of in this way, the inscriptions they made could be regarded as 

authentic and objective and their interpretations as objective, as well, as ma-

chines  were  perceived  as  incapable  of  subjectivity  and of  influencing  out-

comes. In other words, the concepts of machineness, humanness, and per-

sonhood  were  central  for  how  machines  fitted  into  laboratory  practices  of 
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making valid data. 

Other  studies  (Gusterson 1996; Knorr-Cetina 1999)  describe  how scien-

tists speak about machines in terms of organisms or bodies as well as how 

these scientists relate to their machines. This study has gone further by ana-

lyzing not only concepts of machines and humans as related to each other but 

also these concepts’ significance for laboratory practices of making valid data. 

Both humans and machines were assigned their roles in laboratory work in 

reference  to these concepts.  As a consequence  of  these  categories  and the 

subsequent assignation of roles, it became possible to regard data and espe-

cially raw data as visualizations of samples rather than interpretations derived 

from inscriptions.

In applying Barad’s notion of making cuts to how machines were incorpo-

rated into laboratory practices of making valid data, this study contributes to 

understanding these cuts more thoroughly. Barad herself does not say very 

much about what happens to cuts once they are made; her main focus lies on 

how these cuts affect  phenomena, that is,  how the knowledge  that is pro-

duced is conceptualized. 

This study adds to her notion in not only showing how cuts can be made 

but also showing that cuts may require maintenance. The cut between hu-

mans and machines that the laboratory staff made through categories of hu-

manness and machineness did not unquestionably hold when working with 

machines that did not exhibit machinelike behavior. Had the staff not main-

tained  the  cut,  both by reclassifying  some machines  as almost  persons  in 

some situations and by coaxing machines into machinelike behavior, it might 

have faded away or been replaced with different categories, engendering a dif-

ferent cut. Thinking about cuts as impermanent makes it possible to think 

about cuts and, consequently, scientific practice in a dynamic, more flexible 

way, allowing one to think about both scientific practices and their partici-

pants as changing both over time and between situations and contexts. 

The concept of machines I discussed as being described (in general) as in-

fallible and predictable and thus more dependable than human beings, who 

are unavoidably afflicted with the human factor, does not seem to be specific 

for the laboratories I visited or even research in the natural sciences; there 

seems to be a widespread trust in machines in society,  especially comput-

ers.51 Nor is it unique to laboratory environments that people ascribe individ-

51 Which does not mean that individual machines or computers cannot be distrusted 
or that people do not think it necessary to supervise machines. 
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ual machines agency and almost-personalities. These occurrences seem to be 

shaped by a more general intra-action of people and machines and not specif-

ic to laboratory environments.

What I understand to be specific to the laboratories I visited is how con-

cepts of people and machines were elaborated on and fitted into cultural prac-

tice  in  the  laboratories.  That  is,  concepts  of  humans  and  machines  were 

linked to ideals of good science and concepts  of  valid data, objectivity  and 

subjectivity, and “the human factor,” as well as uncertainty and reproducibili-

ty.  Essentially,  machines were used for keeping the intervention of human 

agency out of the making of data as much as possible in the strive for valid 

data. Paraphrasing Shapin and Schaffer (1989 [1985]: 23), this means that 

machines were used in order to make the data that was produced in the labo-

ratories matters of fact instead of interpretations. 

Laboratory Practices as Cultural Practices

This study also means to contribute to a theoretical discussion of how scien-

tific research can be studied. Even though it does not claim to be generaliz-

able to science as a whole and only applies to a bounded and specific multilo-

cal field, understanding this field should at least give suggestions of how to 

study scientific practices from new angles. The angle this study aims to con-

tribute to is analyzing scientific practice in terms of the creation of meaning. 

As I have shown in this study, the creation of meaning in scientific prac-

tices did not only include creating meaning about the object of research. The 

meanings the staff created in and around their  work did not simply derive 

from this work or exist in parallel to it, but they were directly intertwined with 

laboratory work, both being shaped by and shaping laboratory practices.

Connected to this is a perspective of practice as not only rooted in the here 

and now but also as anchored to larger contexts, and, most importantly, as 

connected  to how practitioners  order and understand their  world.  In other 

words, this study is an argument for the inseparability of what people do and 

what they say, that is, the inseparability of theory and practice. Categories 

formed by creating meaning through talk should be analyzed in connection 

with the meanings created through practices. 

Studying scientific practice,  in this case laboratory research, in terms of 

the creation of meaning then brings into focus the connection between theory 
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and practice, that is, how people order the world and how they act in it. By il-

luminating how samples were transformed into data and how the staff in the 

five laboratories I studied created meaning in and around this transformation, 

this study links these laboratory practices to concepts of validity and objec-

tivity in the laboratories, anchored in a larger scientific community. 
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Diagrams
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SNP Analysis
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Interviews

11 March 2002: Swegene’s chairman

15 May 2003: doctoral student

3 February 2004: laboratory leader

18 May 2004: laboratory leader

27 May 2004: laboratory leader

17 June 2004: laboratory leader

Websites

Swegene: http://www.swegene.org 

Wallenberg Consortium North: http://www.wcn.se52 

52 Both were last accessed 9 August 2006.
181





APPENDICES

References

Agar, Michael H.:
1996 [1980]  The Professional Stranger – An Informal Introduction to Ethnogra-

phy. Academic Press, San Diego. 

Amann, Klaus and Karin Knorr-Cetina:
1990  “The fixation of (visual) evidence,” in Michael Lynch and Steve Woolgar 

(eds) Representation in Scientific Practice. MIT Press, Cambridge, Mass.: 
85-121.

Amit, Vered:
2000  “Introduction: constructing the field,” in Vered Amit (ed.): Constructing 

the  Field  – Ethnographic  Fieldwork  in the Contemporary World.  Rout-
ledge, London/New York: 1-18. 

Attewell, Paul:
1990  “What Is Skill?” in Work and Occupations 17 (4): 422-448.

Barad, Karen:
1996  “Meeting  the Universe  Halfway – Realism and Social  Constructivism 

without Contradiction,” in L. H. Nelson and J. Nelson (eds)  Feminism, 
Science and the Philosophy of  Science. Kluwer Academical Publishers, 
London: 161-194. 

1998  “Getting Real: Technoscientific Practices and the Materialization of Re-
ality,” in Differences – A Journal of Feminist Cultural Studies Vol 10 no 
2: 87-128.

2003  “Posthumanist Performativity – Toward an Understanding of How Mat-
ter Comes to Matter,” in Signs: Journal of Women in Culture and Society, 
Vol 28 no 3: 801-831.

Barley, Stephen R.:
1996  “Technicians  in  the  Workplace:  Ethnographic  Evidence  for  Bringing 

Work into Organizational Studies,” in  Administrative Science Quarterly, 
Vol 41 no 3 (September 1996): 404-441.

Barley, Stephen R. and Beth A. Bechky:
1994  “In the Backrooms of Science – The Work of Technicians in Science 

Labs,” in Work and Occupations Vol 21 no 1 (February 1994): 85-126.

Basso, Keith H. and Henry A. Selby (eds):
1980 [1976]  Meaning in Anthropology. University of New Mexico Press, Albu-

querque.

Bate, S. P.:
1997  “Whatever Happened to Organizational Anthropology? A Review of the 

Field of Organizational Ethnography and Anthropological  Studies,”  in 
Human Relations Vol 50 no 9: 1147-1175.

183



REFERENCES

Berner, Boel:
1989  Kunskapens vägar – Teknik och lärande i skola och arbetsliv  [Paths of  

Knowledge – Technology and Learning at School and in Working Life]. 
Arkiv, Lund.

1999  Perpetuum Mobile? Teknikens utmaningar och historiens gång [A Perpetu-
al Motion Machine? Technology’s Challenges and the Course of History]. 
Arkiv, Lund. 

Casper, Monica J.:
1994  “Reframing and Grounding Nonhuman Agency – What Makes a Fetus 

an Agent?”  in  American Behavioral Scientist Vol 37 no 6 (May 1994): 
839-856.

Clifford, James:
1997  Routes – Travel and Translation in the Late Twentieth Century. Harvard 

University Press, Cambridge, Massachusetts. 

Collins, Harry M.:
1992 [1985]  Changing Order – Replication and Induction in Scientific Practice. 

The University of Chicago Press, Chicago and London. 

Collins, Harry M. and Martin Kusch:
1998  The Shape of Actions – What Humans and Machines Can Do. MIT Press, 

Cambridge/ London.

Dahlén, Tommy, Ulf Hannerz and Galina Lindquist: 
1996  “Att  definiera ett  translokalt  fält:  samtal mellan Tommy Dahlén,  Ulf 

Hannerz  och  Galina  Lindquist  (inledning  och  avslutning  av  G.L.)” 
[“Defining a Translocal  Field:  Conversations between Tommy Dahlén, 
Ulf  Hannerz  and  Galina  Lindquist  (Introduction  and  Conclusion  by 
G.L.)”], in Antropologiska Studier 54-55: 3-14. 

Daston, Lorraine: 
1992  “Objectivity and the Escape from Perspective,” in Social Studies of Sci-

ence Vol 22 no 4 (November 1992): 597-618.

Daston, Lorraine and Peter Galison:
1992  “The Image of Objectivity,” in Representations no 40, Special Issue: See-

ing Science (Autumn 1992): 81-128.

Douglas, Mary:
1994 [1966]  Purity and Danger – An Analysis of the Concepts of Pollution and 

Taboo. Routledge, London and New York.

Evans-Pritchard, Edward Evan:
1937  Witchcraft, Magic and Oracles among the Azande. Clarendon Press, Ox-

ford.
1940  The Nuer – A description of the modes of livelihood and political institu-

tions of a Nilotic people. Clarendon Press, Oxford.

Fortes, Meyer:
1987  Religion, Morality and the Person – Essays on Tallensi Religion. Cam-

bridge University Press, Cambridge. 

184



APPENDICES

Fujimura, Joan H.: 
1996  Crafting Science – A Sociohistory of the Quest for the Genetics of Cancer. 

Harvard University Press, Cambridge/London.

Garsten, Christina:
1994  Apple World – Core and Periphery in a Transnational Organizational Cul-

ture. Stockholm Studies in Social Anthropology. 

Geertz, Clifford:
1973a  “Thick Description: Toward an Interpretive Theory of Culture,” in Clif-

ford  Geertz  The  Interpretation  of  Cultures  – Selected  Essays.  Basic 
Books, New York: 3-30.

1973b  “Religion As a Cultural System,” in Clifford Geertz The Interpretation of  
Cultures – Selected Essays. Basic Books, New York: 87-125.

1973c  “Deep Play: Notes on the Balinese Cockfight,” in Clifford Geertz The In-
terpretation of Cultures – Selected Essays. Basic Books, New York: 412-
453.

Goodwin, Charles:
1994  “Professional Vision,” in American Anthropologist 96 (3): 606-633.
1995  “Seeing in Depth,” in Social Studies of Science 25: 237-274.

Gusterson, Hugh:
1996  Nuclear Rites – A Weapons Laboratory at the End of the Cold War. Uni-

versity of California Press, Berkeley/Los Angeles/London.

Hammersley, Martyn and Paul Atkinson:
1983  Ethnography – Principles in Practice.  Tavistock Publications,  London/ 

New York. 

Hannerz, Ulf:
2001  “Introduktion: när fältet blir translokalt” [“Introduction: When the Field 

Becomes  Translocal”],  in  Hannerz,  Ulf  (ed)  Flera  fält  i  ett  –  So-
cialantropologer om translokala fältstudier [Many Fields within One – So-
cial  Anthropologists  on  Translocal  Field  Studies]. Carlsson  Bokförlag, 
Stockholm: 7-35.

2004  Foreign News – Exploring the World of Foreign Correspondents. The Uni-
versity of Chicago Press, Chicago and London. 

Hannerz, Ulf (ed.):
2001   Flera  fält  i  ett  –  Socialantropologer  om translokala  fältstudier  [Many 

Fields within One – Social Anthropologists on Translocal Field Studies]. 
Carlsson Bokförlag, Stockholm.

Harding, Sandra (ed.):
2004  The Feminist Standpoint Theory Reader – Intellectual and Political Contro-

versies. Routledge, New York/London. 

Henning, Annette:
2000  Ambiguous Artefacts – Solar Collectors in Swedish Contexts. On Process-

es of  Cultural Modification. Stockholm Studies in Social Anthropology, 
Stockholm.

185



REFERENCES

Jackson, Michael and Ivan Karp:
1990  “Introduction,” in Michael Jackson and Ivan Karp (eds) Personhood and 

Agency – The Experience of  Self  and Other in African Cultures. Papers 
presented at a Symposium on African Folk Models and Their Application, 
held at Uppsala University, August 23-30, 1987. Almqvist & Wiksell In-
ternational, Stockholm: 15-30.

Jordan, Kathleen and Michael Lynch:
1992  “The Sociology of a Genetic Engineering Technique – Ritual and Ratio-

nality in the Performance of the ‘Plasmid Prep,’” in Adele E. Clarke and 
Joan Fujimura (eds) The Right Tools for the Job – At Work in Twentieth-
Century Life Sciences. Princeton University Press, Princeton: 77-114.

Jülich, Solveig:
2002  Skuggor av sanning – Tidig svensk radiologi och visuell kultur. [Shadows 

of Truth – Early Swedish Radiology and Visual Culture.] Linköping Stud-
ies in Arts and Sciences, Linköping.

Keating, Peter and Alberto Cambrioso:
2003  Biomedical Platforms –  Realigning the Normal and the Pathological  in 

Late-Twentieth-Century  Medicine.  The  MIT  Press,  Cambridge,  Mas-
sachusetts. 

Keller, Evelyn Fox:
2002  Making Sense of  Life  – Explaining Biological Development with Models,  

Metaphors, and Machines. Harvard University Press, Cambridge, Mas-
sachusetts/London, England.

Knorr-Cetina, Karin D.:
1981  The Manufacture of  Knowledge  – An Essay on the Constructivist and 

Contextual Nature of Science. Pergamon Press, Oxford/New York/Toron-
to/Sydney/Paris/Frankfurt. 

1999  Epistemic Cultures  – How the Sciences Make Knowledge. Harvard Uni-
versity Press, Cambridge, Massachusetts/London, England.

Knorr-Cetina, Karin D. and Klaus Amann:
1990  “Image Dissection in Natural Scientific Inquiry,” in Science, Technology 

& Human Values 15 (3): 259-283.

Knorr-Cetina, Karin D., K. Amann, S. Hirschauer and K.-H. Schmidt:
1988   “Das  naturwissenschaftliche  Labor  als  Ort  der  ‘Verdichtung’  von 

Gesellschaft”  [“The Sciences Laboratory as a Location of Social  ‘Con-
densation’”], in Zeitschrift für Soziologie 17 (2): 85-101.

Kruse, Corinna:
2004  “Making It Work: Balancing Uncertainty and Resources in Genetic Re-

search.” Lychnos 2004: 151-164.

Kuhn, Thomas S.: 
1979 [1970]  “Logic of Discovery or Psychology of Research?” in Imre Lakatos 

and Alan Musgrave (eds)  Criticism and the Growth of Knowledge. Cam-
bridge University Press, London: 1-23. 

186



APPENDICES

Landström, Catharina:
1998  Everyday Actor-Network – Stories About Locals and Globals in Molecular 

Biology. Göteborg University, Göteborg.

Latour, Bruno:
1987  Science in Action – How to Follow Scientists and Engineers through Soci-

ety. Harvard University Press, Cambridge, Massachusetts. 
1990  “Drawing things together,” in Michael Lynch and Steve Woolgar (eds) 

Representation  in  Scientific  Practice.  MIT  Press,  Cambridge,  Mas-
sachusetts: 19-68.

1999  Pandora’s Hope – Essays on the Reality of Science Studies. Harvard Uni-
versity Press, Cambridge, Massachusetts. 

Law, John:
1987  “Technology and Heterogeneous Engineering: The Case of Portuguese 

Expansion,” in Wiebe E. Bijker, Thomas P. Hughes, and Trevor J. Pinch 
(eds)  The Social Construction of Technological Systems – New Directions 
in the Sociology and History of Technology. MIT Press, Cambridge, Mas-
sachusetts: 111-134.

Lévi-Strauss, Claude:
1969 [1962]   Totemismen [Le totémisme aujourd’hui].  Wretmans Boktryckeri 

AB, Uppsala.

Lynch, Michael:
1985a  Art and artifact in laboratory science – A study of shop work and shop 

talk  in  a  research  laboratory.  Routledge  &  Kegan  Paul, 
London/Boston/Melbourne/Henley. 

1985b  “Discipline and the Material Form of Images – An Analysis of Scientific 
Visibility,” in Social Studies of Science Vol 15 no 1: 37-66.

Malinowski, Bronislaw:
1987 [1922]  Argonauts of the Western Pacific – An Account of Native Enterprise 

and Adventure in the Archipelagoes of  Melanesian New Guinea.  Rout-
ledge & Kegan Paul, London/New York. 

Marcus, George E.:
1995  “Ethnography in/of the World System: The Emergence of Multi-Sited 

Ethnography,” in Annual Review of Anthropology 24: 95-117.
1998  Ethnography through Thick and Thin. Princeton University Press, Prince-

ton. 

Marcus, George E. and Michael M. J. Fischer:
1986  Anthropology as Cultural Critique – An Experimental Moment in the Hu-

man Sciences. The University of Chicago Press, Chicago and London. 

Mauss, Marcel:
1985 [1938]  “A category of the human mind: the notion of person; the notion 

of self,” in Michael Carrithers, Steven Collins and Steven Lukes (eds) 
The Category of the Person. Cambridge University Press, Cambridge: 1-
25. [First published in French in the Journal of the Royal Anthropologi-
cal Institute 68 (1938).] 

187



REFERENCES

Okely, Judith:
1996  Own or Other Culture. Routledge, London/New York.

O’Reilly, Karen:
2005  Ethnographic Methods. Routledge, London/New York.

Orr, Julian E.:
1996  Talking about Machines – An Ethnography of a Modern Job. Cornell Uni-

versity Press, Ithaca and London.

Peacock, James L.: 
2003 [1986]  The Anthropological Lens – Harsh Light, Soft Focus. Second Edi-

tion. Cambridge University Press, Cambridge. 

Pickering, Andrew:
1995  The Mangle of Practice – Time, Agency, and Science. University of Chica-

go Press, Chicago and London.

Popper, Karl R.:
1972 [1959]  The Logic of Scientific Discovery. Hutchinson & Co Ltd, London. 

Sanjek, Roger:
1990  “On Ethnographic Validity,” in Roger Sanjek (ed.) Fieldnotes – The Mak-

ings of  Anthropology.  Cornell  University  Press,  Ithaca/ London:  385-
418.

Shapin, Steven and Simon Schaffer:
1989 [1985]  Leviathan and the Air-Pump – Hobbes, Boyle, and the Experimen-

tal Life. Princeton University Press, Princeton.

Spradley, James P.:
1979  The Ethnographic Interview. Holt, Rinehart and Winston, New York. 
1980  Participant Observation. Holt, Rinehart and Winston, New York. 

Suchman, Lucy A.:
1987  Plans and Situated Actions – The Problem of Human-Machine Communi-

cation.  Cambridge  University  Press,  Cambridge/New  York/New 
Rochelle/Melbourne/Sydney.

Traweek, Sharon:
1988  Beamtimes and Lifetimes – The World of High Energy Physicists. Harvard 

University Press, Cambridge/ London.
1992  “Border Crossings: Narrative Strategies in Science Studies and among 

Physicists in Tsukuba Science City, Japan,” in Andrew Pickering (ed.) 
Science as Practice and Culture. University of Chicago Press, Chicago/ 
London: 429-465.

Turkle, Sherry:
1984  The Second Self  – Computers and the Human Spirit. Granada, London/ 

Toronto/Sydney/New York.
1991  “Romantic  Reactions:  Paradoxical  Responses  to  the  Computer  Pres-

ence,” in James J. Sheehan and Morton Sosna (eds) The Boundaries of  
Humanity – Humans, Animals, Machines. University of California Press, 
Berkeley/Los Angeles/Oxford: 224-252.

188



APPENDICES

1995  Life on the Screen – Identity in the Age of the Internet. Simon & Schuster, 
New York/London/Toronto/Sydney/Tokyo/Singapore.

Watson, James D. and Andrew Berry:
2003  DNA – The Secret of Life. Alfred A. Knopf, New York.

Wax, Murray L. and Rosalie H. Wax:
1980  “Fieldwork and Research Process,” in Anthropology and Education Quar-

terly Vol 11 no 1 (Spring 1980): 29-37.

Woolgar, Steve and Bruno Latour:
1986 [1979]  Laboratory Life  – The Construction of  Scientific Facts. Princeton 

University Press, Princeton, New Jersey.

189


	Acknowledgments
	PART I
	Studying Laboratory Practices
	1 Introduction
	Theoretical Setting
	Scientific Practice as Cultural Practice
	The Production of Scientific Knowledge
	Laboratory Practices
	Machines in Laboratory Research


	Aims of this Study

	2 Methodological Tools
	Laboratory Spaces
	Laboratory Staff 
	Instruments and Machines 
	Ethnography of Scientific Practice
	Multi-sited and Translocal Ethnographies
	Participant Observation
	Formal Interviews 
	Field Relationships
	Studying scientists
	Influencing Results

	Duration 
	Analysis

	Reflections 


	PART II
	Analyzing Samples in the Context of a Research Community
	3 Norms and Ideals
	Research Platforms
	Participating in a Research Community
	Producing Reproducible Results
	Communicating with the Community
	Doing Good Science

	Embedded Practices 

	4 Analyzing Samples
	Differences and Similarities
	Turning Samples into Data
	Handling Samples
	A Two-Step Process

	Genetic Research
	Preparing and Running Gels
	Protein Identification 
	Expression Analysis
	SNP Analysis

	Performing Analyses


	PART III
	Making Valid Data
	5 Creating Raw Data from Samples: Battling Uncertainty
	Making It Work 
	Battling Uncertainty
	Sources of Uncertainty
	Monitoring Samples
	Being on the Safe Side
	Making Collective Interpretations
	Using Machines
	Balancing Uncertainty and Resources
	Professional Skill

	Battling Uncertainty with Professional Skill

	6 Creating Data from Raw Data: Making Objective Interpretations
	Making Sense of Raw Data
	Inscriptions and Representations
	Seeing and Understanding
	Making Immutable Mobiles

	Interpreting Raw Data
	Eliminating Subjectivity

	Making Valid Data


	PART IV
	Humans and Machines
	7 Talking about Humans and Machines: Making Cuts
	Concepts of Humans and Machines
	Contrasting Humans and Machines
	A Difference in Agency and Intentionality
	Mechanical Objectivity

	Humanness and Machineness
	Agential Realism
	Matter and Meaning
	Drawing Boundaries, Making Cuts


	Making Cuts between Humans and Machines

	8 Working with Machines: Maintaining Cuts
	Crossing Conceptual Boundaries
	Blurring Categories
	Material Agency
	Machines as Almost Persons 
	Personal Relationships with Machines
	Keeping Categories Pure

	Making Machines Reliable
	Maintaining Machineness, Maintaining Cuts


	PART V
	Conclusions
	9 Conclusions
	The Making of Valid Data
	Transforming Samples into Valid Data
	Incorporating Machines into Laboratory Practices
	Laboratory Practices as Cultural Practices



	Appendices
	Diagrams
	Protein Identification
	Expression Analysis
	SNP Analysis

	Interviews
	Websites
	References




