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EPIGRAPH

One always forgets the expression “I thought I knew.”

– Ludwig Wittgenstein On Certainty, §12 

“The only thing that makes life possible is permanent, intolerable uncertainty: not 
knowing what comes next.” 

― Ursula K. Le Guin, The Left Hand of Darkness 

Recurrently, in vivo, maps and manuals present their users the in vivo witnessed 
incompetence of the text. In vivo the manual offers a reader anything but just what is 

needed. The way the text fails you, just the thing you want from it, which you must have, 
now, just here, just where you are in your project – of that trouble it is guaranteed that it 

will be there waiting for you, but there is no way in the world of pre specifying the 
conditions under which it is going to intrude upon your local island of order. That means 
that you have to be in the course of the action, and just there, just because, and just in 

the way you need more than anything in the world just this from the text, and it is in that, 
and in the way you want it and need it, that you cannot have it.

– Harold Garfinkel 2002, 205
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ABSTRACT OF THE DISSERTATION

THE LABORATORY AS AN ECOLOGY FOR ACTION: AN ETHNOMETHODOLOGICAL 
STUDY OF AGENTS AND OBJECTS IN GENOMIC RESEARCH

by

Donald Everhart

Doctor of Philosophy in Sociology (Science Studies)

University of California, San Diego, 2018

Professor Martha Lampland, Co-Chair
Professor Charles Thorpe, Co-Chair

This work is an ethnographic and ethnomethodological study of the community of 

an interdisciplinary genomics laboratory in San Diego, California. Twenty-first century 

genomics laboratories require this community in order to conduct their research. This 

study takes “community” in a broad, encompassing sense, including not only the human 

but also biological and technological agents of the lab. Brought together in situated, co-

operative interaction, these phenomena make up an ecology. This ecology is brought 

about by interconnections between agents and their environment as they develop 

through unfolding interaction. As such, this study is focused on the ways that situations 

in the laboratory organize their inhabitants rather than the other way around. In this, it 

proposes a radically social perspective. This study specifies its topics in that everyday, 
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ordinary, and developing work. It sets these topics amidst the history of molecular 

biology and bioinformatics as well as a blend of feminist and ethnomethodological 

theory. Based on four years of ethnographic observation and participation, video 

recordings and analysis, this study also reflexively incorporates the ethnographer and 

explores new possibilities for ethnomethodological video and its analysis.  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Chapter 1: Laboratories as Ecologies for Action

Nothing will come of nothing. Speak again.

- King Lear, Act 1, Scene 1

I do not intend to speak about. Just speak nearby.

-  Trinh Minh-ha, Reassemblage, 1982

In 2017, around four years after I started my ethnography of a biology laboratory, 

I recorded two lab members as they tried to figure out how to adapt a software package 

to work with their data analysis pipeline. They sat together, facing a display of their code 

alongside the textual and graphical output of its results. The two members, one a 

graduate student named Peter and the other his friend and mentor, Claude, paused as 

they looked at the software’s output. Leaning forward, and gesturing towards the 

computer monitor, Peter said, “That was the problem.” He then elaborated that the 

output represented a comparison of two sets of biological data, mathematically 

transformed by the software at hand. After a few seconds, Claude replied with a softly 

spoken, “Okay… and that has, significance?” Peter paused again, indirectly replying to 

Claude’s question by muttering, “ah, what kind of plot is..,” putting the software’s 

graphical output and his interpretation of it in question. He then began to scroll through 

the software’s documentation. This set off a further set of actions: Peter, partly with 

Claude’s direction, began to alter the code that he had written to test the software. 

Running it over and over again, both attempted to interpret the resulting graphical and 

textual output. As they went along, the software remained frustratingly opaque. Even 

though it seemed to be based on a familiar mathematical transformation of data derived 
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from biological phenomena, Peter and Claude continued to be frustrated by their 

interactions with the software. 

The two members were faced with a familiar problem: how should they interpret 

the results of their analysis, and what should they do next? This being a biology 

laboratory, the situation was a little more complex, a little more synthetic, than it might 

have been elsewhere. The processual weaving together of biology and computation that 

is required by genomic research involves a complex ecology of distributed actors. 

Because of this ecology, the interpretive and sense-making methods of the lab must 

take into account not only the actions of human collaborators, but also the interactions 

of machines and cells. 

In the same lab, other members had cultured cells (for the most part, cells that 

had originally been harvested from humans) and then had broken them up into 

analyzable pieces. Between these pieces, that is, the molecules that make up a cell, 

there are many interactions that are of interest to the lab. Actors in the lab have many 

ways of transforming and interpreting those interactions, methods that utilize a variety of 

chemical, mechanical, digital, and interactional processes. The two lab members 

working with their computers found themselves within a tangled skein of situations, 

objects, actions, and actors. It takes the work of all involved to develop those situations 

into meaningful science.

In that situation, as I watched Peter and Claude’s attempts to interpret the results 

of a combination of software and living organisms, I recorded bioinformatic work as it 

unfolded in interaction. In the interdisciplinary arrangement of this lab, bioinformatic 

work mostly involves figuring out how to better produce and analyze the genomic data 
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produced by the lab’s experiments. Experiments and analyses developingly reveal 

methods, findings, or problems that the inhabitants of the lab establish together. A 

diverse assemblage of actors and interactions participate in this sense making process. 

Cells are chemically manipulated by humans and machines. The resulting cellular 

fragments are digitized by machines and computers and transcribed into digitally 

ordered text. These texts are analyzed by computers which are instructed by humans. 

This involves careful negotiations of human actions, desires, and imaginations with 

software code that a computer might or might not be able to process. Computers might 

output error messages, graphs, maps, text strings, or statistics, which in turn might be 

rendered intelligible by and to humans. If successful, this understanding develops 

processually, in a series of collaborations between software and humans. These 

actions, in their overlapping spaces, sizes, and temporalities, emerge within the local 

ecology of the laboratory. 

What are laboratories, or, rather, what are laboratories meant to do? As built, 

accumulated, community ecologies for action, laboratories must be made, phenomena 

engaged, and projects adjusted. The lab is always transforming, and in Peter and 

Claude’s lab, the trajectory of that transformation is managed in a careful partnership 

between cells, machines, computers, and humans. This dissertation explores 

transformations and interactions within the contemporary genomics laboratory where 

Peter and Claude, amongst a community of other scientists, work. For over four years, 

between summer 2013 and fall 2017, I observed, talked with, recorded, presented to, 
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and traveled with members of this lab, which I will refer to as the WD lab.  The WD lab 1

is built on a variety of expert knowledges and skilled work. Some members have a 

better understanding of cellular and molecular biology, while others have more expertise 

in biochemistry or bioinformatics. Since the work of the lab primarily concerns human 

genomics, particularly RNA-protein interactions within human cells, the lab’s community 

has been organized in order to make sense of those interactions. This heterogeneous 

mixture of objects, processes, actions, and actors constitutes genomic research. In 

many ways, it is genomic research.  I explore how that work is carried out through 2

courses of everyday, situated action, negotiating the multiplicity of agents and objects 

that the lab requires in order to carry out its work.

As I will develop further in this chapter, we might consider science as it is lived 

through developing interactions between communities. Many prior authors have traced 

this conceptual terrain, including Latour and Woolgar (1979), Latour (1987), Knorr 

Cetina (1981, 1999), Lynch (1985), Traweek (1988), Goodwin (1995, 1997), Collins 

(2004), Doing (2007), Alač (2011, 2016), Vertesi (2014), and Sormani (2014). As a site 

for investigating not only scientific practices, but the way that those practices 

themselves constitute science, those authors share a focus on the scenic, developing 

 My use of “the WD lab” is a pseudonym, standing for the “Wet-Dry” lab. Lab members 1

commonly refer to the part of the lab that deals with molecular biological samples directly as 
the “wet lab”. The part of the lab where bioinformatic work tends to take place is, by contrast, 
called the “dry lab”. This roughly corresponds to the prevalence of cell cultures and chemicals 
in wet lab work and work with computers and digital data in the dry lab. The spatial, 
membership, and situational components of this distinction are, themselves, both members’ 
topics and topics of my own ethnographic interest. I will continue to elaborate on this term, 
both as a emic and analytic descriptor, further on in this chapter.

 This point is similar to the one made by Mol (2002) in regard to atherosclerosis. My 2

ethnographic practices, while similar to Mol’s (and inspired by the same community of 
investigators), differs in ways that I will explain below. In short, I focus less on ontological 
politics (Mol 1999) and more on how the multiplicity and overlapping temporalities of actors in 
a biology lab can expand our understanding of situated action.
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life of laboratories. My interest in laboratories concerns the specific engagements 

required for contemporary genomic work, and bioinformatic work in particular. In 

bioinformatic work there is an exemplary mixture of phenomena which, together, can 

illuminate the multiplicity of our social worlds as well as the endogenous relations of 

genomic research. 

As a field, science and technology studies (STS) has a long history of 

considering how the study of science can more broadly develop our concepts of 

situation, phenomena, and agency. While the foci of the field trace the developing 

relationships between science, technology, and knowledge, these concerns with 

phenomena and agency are likewise crucial. This is because of the close connection 

that STS scholars, particularly its ethnographers, have made between action and 

knowledge. This connection is frequently thought of in terms of practices (Turner 1994, 

Schatzki, Knorr Cetina, and von Savigny 2001). Practices involve the synthesis of tacit 

and explicit knowledge with embodied, situated action. Practices are curious 

phenomena because of their situated, yet repeatable qualities. They cannot be 

separated out from their sociomaterial grounds, yet they can be enacted over and over 

again. 

In this regard, practices closely resemble Garfinkel’s ethnomethods, the 

everyday, ordinary means by which we inhabit reality. Many ethnomethodological 

studies are about the ways that members of a situation together render activities familiar 

and commonplace, recognizable for “another first time.” (Garfinkel 1967, 9) Even 

though, as the Heraclitean aphorism goes, you cannot step into the same river twice, 

we nonetheless manage to recognize rivers as being the “same” for everyday, practical 
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purposes. Doing so, in an ongoing, repeated way must be continually recognized and 

regularly achieved. The continuity of society, the social order, is made up of these 

continually flowing moments of recognition. What ethnomethodologists find to be 

wonderful and fascinating is that social reality is continuously, reflexively, and 

recognizably produced. The question for the study of ethnomethods– that is, for 

ethnomethodology– is how the inhabitants of society manage that continual production.

Scientific work involves detailed investigation, and laboratories are spaces in 

which communities of scientists continually and repeatedly manage that work. Crucial to 

scientific investigation are the methods by which some parts of phenomena are made 

relevant, brought to attention, and others are left in the background. The work of 

categorization, the recognition and organization of phenomena into relevant categories, 

is a key feature of laboratory life. To take a few examples of the interpretive work of the 

laboratory we might consider how members establish a problem, or recognize when and 

how lab members’ understanding diverges, or figure out how to follow instructions, or try 

to interpret the output of a program. This interpretive work often invokes or relies upon 

the social categories of the lab. These categories can range from organizational ones 

such as “wet lab” or “dry lab” to practical distinctions between “fixable” and 

“recoverable” experiments.

These interpretations are not formed by the human members of the lab in 

isolation. The lab and its practices involve more than the humans that, initially, seem to 

make up its main actors. Rather, the laboratory exists as its own local ecology. This 

ecology is made up of the community of humans, machines, computers, cells, and 

molecules that all together comprise the laboratory. These entities are not stable, but 
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rather form different phenomena together in time and through interaction. In many ways, 

it is ongoing actions, rather than fixed, stable agents or objects, that continually produce 

the laboratory. The thick material and temporal ecology of these unfolding actions, 

elaborating one another in tandem or in sequence, produce what is recognizable as the 

lab and its work. Laboratories, in many ways, are created so that their inhabitants can 

interpret, make intelligible, and understand these sociomaterial interactions.

This builds upon many traditions, as I mentioned above, but we might begin by 

considering Star’s “ecologies of knowledge” (1995) and C. Goodwin’s “architectures for 

perception” (1994). Star deploys ecology as a hermeneutic by which to understand 

science as a distributed system, reconnected to its ordinary aspects (even those 

“exiled” from scientific discourses) as a set of linked, inseparable interdependencies 

(1995, 2). To Star and her interlocutors (including Bowker, Clark, Fujimura, Lynch, and 

Latour), infrastructure, personal troubles, politics, and all kinds of worldly aspects rightly 

belong in our consideration of science. As C. Goodwin’s consideration of the 

sociomaterial world of scientists illustrates, these features are endemic to science, 

language, and perception. With illustrations ranging from the charts archaeologists use 

to categorize the color of dirt, to the ways that expert witnesses highlight action on 

video, C. Goodwin argued that perception “is not a purely mental process, but instead 

something accomplished through the competent deployment in a relevant setting of a 

complex of situated practices.” (1994, 626) Together, Star and C. Goodwin direct our 

attention to the ways that perception and knowledge are made out of our engagements 
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with the material world. These engagements cannot be teased apart without losing the 

phenomena at hand. Knower, phenomena, and apparatus are all produced together.3

The relevance of an ecological perspective might seem obvious. If scientists did 

not engage in some way with the world, their claims to knowledge about the world 

would be immediately suspect. That said, an ecological perspective requires that we 

question whether science proceeds as a linear engagement with the world. A controlled 

vision of scientific activity might mirror the step by step nature of instructions, or the 

reconstructions of experiments offered in scientific publications. Yet an ecological 

perspective on science asks that we consider science to be something altogether more 

meaningfully wild. In the WD lab, problems emerge in data analysis that are difficult to 

pin down, existing somewhere in between biological experiments and computational 

analysis. Lab members, arguing together in lab meeting, might be mutually unable to 

recognize the trouble other members attempt to indicate. Quality control steps, involving 

machines that can produce automated experimental steps and translate liquid samples 

into digital visualizations, might be interpreted as the steps of a novel experiment are 

refined in situ. Software code, interacting with well understood mathematics, may 

somehow fail to produce easily interpretable results.

These situations, which I explore in the chapters to come, may sound like faults, 

bugs in the laboratory’s system. They are not. This is where the wild part of ecology 

comes in, the indeterminate, situational moments that are part and parcel of how the lab 

 This need not mean that all resources within unfolding, sociomaterial interaction must be in 3

play at all times. Indeed, the strategic reduction or addition of certain resources can massively 
affect the production of meaning. As an example, we might consider the difference between 
words spoken with a relatively flat affect and words spoken with swinging, modulated prosody. 
Within different situations, the lamination of different forms of prosody over the same words 
can lead to very different meanings.

�8



proceeds with its work. While members of the WD lab develop expectations as they 

work within familiar experimental protocols or with similar biological materials, it would 

be incorrect to say that they know the directions their work will take in advance. This is 

in many ways a classic component of scientific work: testing, analysis, and 

interpretation are done in order to transform materials, and in that transformation there 

is room for surprise. These surprises are often carefully managed, and indeed that 

management is recognized as its own form of work, “quality control.” Yet the recognition 

of difficulties, inefficiencies, or junk drawer data can be part of a process of 

transformation that yields new experimental protocols and data analysis pipelines. 

Within the WD lab’s carefully controlled environment, phenomena often behave 

as expected. Transformations are easily recognized as being orderly, with micro-cellular 

materials becoming legible (at least according to certain, acceptable thresholds) to 

computers. Lab members then often work with computers to interpret that data and 

make it acceptable to human and machine partners at home at the lab and further 

afield. As important as these moments of smooth coordination are to the work of the lab, 

the ways that lab members carry on in troublesome situations are just as significant. For 

example, carefully prepared samples may be discovered to contain slightly incorrect 

mixtures of chemicals, or software packages may not easily integrate with the lab’s 

existing analytical pipeline. These sorts of situations have value in that they may, by 

making problems visible, lead to innovations in laboratory practice. We may recognize 

these troubles not as deviations from the lab’s work but, instead, as constitutive of that 

work. The WD lab’s courses of action are not linear, which is to the lab’s benefit. Rather, 
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laboratory activities are inflected at every point by hiccups, stumbles, kludges, 

repetition, and pauses.

Genomic research is indeterminate and, at times, elliptical. Rather than being 

directed solely by human lab members, that work emerges from the developing, active 

sociomaterial ecology of the lab. Prior investigators (including Latour, Law, and Callon)  

expressed this interrelation by shifting from binary categories like “humans” and “non-

humans” to more relational categories like “actants.” Their move was an attempt to 

begin from a different analytic point of view. The goal of that shift was to understand 

how different objects, technologies, organisms, people, and communities relate to and 

impact one another. Actants are constituted not by prior ontology but through their 

contingent relations to one another, and as such different phenomena features different 

actants. In many ways, actor-network theory– the sociotechnical theory developed 

around actants– is one based on relevance. Unlike anthropocentric theories of 

relevance, actor-network theory de-centers human action in favor of a perspective that 

centers the phenomena at hand. This allows for expansive investigations into a myriad 

of actants that may impact phenomena of interest. Rather than place boundaries in 

advance between humans and nonhumans, or between living creatures and mechanical 

or digital technologies, authors informed by actor-network theory consider how 

assemblages of actants hang together.

This is similar to how feminist and postcolonial investigators have questioned and 

convincingly argued against pervasive dichotomies including subject/object, nature/

culture, and human/machine. In place of these mythic binaries, feminist science studies 

has emphasized the multiplicity and interrelation of actors and phenomena. From this 
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understanding of phenomena, similarity, difference, and relations between phenomena 

take on central importance. Phenomena are not inherently similar or different, but rather 

are figured as such in relation to one another. To paraphrase Suchman, they are figured 

together as material, technological instantiations of cultural imaginaries; in other words, 

technoscientific action is a process of configuring humans and machines (2007, 153).

Taken with an ethnomethodological twist, we might consider how the inhabitants 

of the WD laboratory, whether they are human, machine, cellular, or molecular, 

configure one another. We might consider how those inhabitants anticipate, respond to, 

and interpret one another. From that point we might consider what the shifting 

distinctions between those inhabitants accomplish within the course of laboratory life. As 

an example, we might consider distinctions and categories that are made in relation to 

expertise, taken as a mixture of shared understandings and skilled, embodied practices. 

Between experts, what does it mean to assert shared understanding, to say that two 

people mean the same thing? What happens when that shared understanding is 

contested or rejected? And, when it comes to the ongoing work of the whole laboratory, 

to what degree is shared understanding necessary? These are important questions as, 

in the WD lab, members often cultivate knowledge and skills that the lab does not 

already hold. Members attempt to adapt protocols, software, and materials from other 

laboratories in pursuit of the lab’s larger projects and goals. Between the continual 

adaptation and learning in the lab, the work that is done to develop multiple concurrent 

projects, and the different backgrounds of lab members, there are rarely, if ever, 

situations in which lab members can confidently say that they are completely 

understood by their colleagues. This is not a sign of a fractured lab community, but 
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rather a consequence of working within the WD Lab’s expert community. Genomic 

research is a multifaceted enterprise. Developing novel approaches to that research 

requires that the lab’s members mix their skills and knowledge together.

Beyond mutual engagement between human members whose understandings 

are purposefully diverse, we might also consider their biological and technological 

interlocutors. The human members of the lab make easy, everyday distinctions between 

their work based on how they engage with the projects and phenomena of the lab. I 

incorporated one such distinction in my choice of pseudonym for the lab, as the “WD 

Lab” serves as an abbreviation of the “Wet” and “Dry” lab.  Objects and activities in the 4

lab are suffused with different aspects; experiments, samples, or software that might 

seem similar from one perspective may lose that similarity under other points of view. As 

an ethnographer, this perspectival multiplicity was as much a practical problem as a 

conceptual one. I had some difficulty understanding who was working together on a 

project and who might be conducting experiments with similar protocols which, from a 

member’s perspective, were otherwise entirely dissimilar.  These differences were not 5

 In earlier drafts of the chapters of this text, I referred to the lab as “Arthur’s lab,” employing 4

my pseudonym for the principal investigator. This initially made some sense to me, as lab 
members commonly refer to the lab as the “[Arthur] lab.” Rather than continue to follow this 
convention, which recalls the principal investigator each time the lab is identified as a 
community, I here combine two other common labels members use. The distinction between 
the wet and dry labs (the “W” and “D” in “WD Lab”) and their ways of working and 
understanding biological phenomena is utilized by lab members in a variety of everyday 
contexts. As such, the name “WD Lab” is intentionally multiplicative in its meanings. This name 
for the lab captures some of the dynamic tension of its interdisciplinarity. As a single label, the 
“WD Lab” brings together the wet and dry labs into a single name. It does this while preserving 
one of the lab’s major divisions, reflecting similar efforts in the lab, itself.

 In this regard, I may have had a case of Wittgenstinean aspect blindness, as when one is only 5

able to see a single face of the duckrabbit. This would, as is evident in numerous examples 
throughout this dissertation, result in my attempts to talk my way into or out of active 
participation in a situation. In C. Goodwin’s terms, we could say that I was frequently 
confronted with my own lack of professional vision. This was exacerbated by the varieties of 
expertise that are employed and developed in the WD Lab, a volatile mixture that was capable 
of leaving both myself and other lab members in a state of confusion.
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merely drawn along lines of organization or participation, but along the trajectories of 

experiments and analysis. Depending on the project, a minute difference between 

samples could be crucial, a tweak of protocol vital, an adjustment in code essential. 

In the WD Lab, interactions between humans, software, and biological materials 

compose what is relevant about each, depending on the situation. The lab’s work 

consists of what Knorr Cetina calls synthetic situations (2009). Such situations are 

made up from scopic, temporal, and ontologically flexible layers of interaction. As an 

example, Knorr Cetina describes interactions on a stock trading floor that 

simultaneously involve the human milieu and on-screen interlocutors. These 

interlocutors may be other humans on at a geographic remove, indications of massive 

numbers of automated trades, or flowing media and market reports. Managing these 

interlocutors, which may operate in different temporal or active scopes than those that 

surround the trader on the rest of the floor, is an ongoing, always updating, 

achievement. The commingling of overlapping actions extends the scope of a synthetic 

situation beyond the boundaries of copresent, face-to-face interaction and into a wider 

and deeper ocean of distributed agents.

Exploring synthetic situations requires that we recognize that the scopic and 

temporal qualities of a situation might vary depending on which agents are 

foregrounded in a given moment. Interactions at one scale, such as those taking place 

on a molecular scale between chemicals and clusters of cells, might only be rendered 

incompletely to agents that live at other scales. To illustrate with an example from the 

WD Lab, members who culture specific cells for an experiment have different sorts of 

access to those cultures as they grow and then after they are killed (or “fixed” into a 
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more stable form than they would be in life). Once fixed, cells are frequently broken 

apart through chemical and mechanical processes, which might then be transformed 

through automation and computation into digital inscriptions and visualizations. These 

processes are not continually monitored by the human members of the lab. Indeed, at 

the scale of genomic sequencing experiments, it is difficult to imagine how a human 

agent could read genomic data as it is inscribed, in parallel from multiple samples, by 

some of the machinery of the lab. Just as the stock traders that Knorr Cetina describes 

cannot follow each automated trade in the human version of “real time,” the human 

inhabitants of the WD lab often rely on partial perspectives of their samples. 

That perspective is freighted with retrospective figurings of how a phenomenon 

had developed to the moment it once again came into contact with human perception. 

That same moment also carries prospective significance. After all, if phenomena are 

understood as processes that human agents often perceive only in selective moments, 

then those moments hold implications for their continued development. For example, in 

the WD Lab, some experimental protocols contain steps for running fixed samples 

through a machine that processes them and analyzes their molecular composition. The 

resulting output contains traces not only of how those samples grew and were mixed 

with chemical reagents, but also holds implications for the next step in the protocol. If 

the samples were mixed according to plan, then the lab member supervising the 

experiment might continue to the next step. If something different is found in the 

machine’s output, then the future development of the experiment, the sample, or the 

protocol might change course. 
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The heterogeneity of material, temporal, and agential scopes in the WD Lab 

engenders the possibility of discovery. This indeterminacy is a part of proceeding with 

synthetic work, rather than a glitch or a failure. If, in the course of following a protocol, 

some adjustments must be made, that does not mean that protocol is no longer 

relevant. As Suchman argues, there is no gap between plans and situated actions 

(2007). Within unfolding, situated action, plans are specifically vague in that they 

anticipate possibilities without determining them. Plans are useful because they specify 

potential responses to a situation without wholly determining how that situation will 

unfold. This is crucial when conducting projects over time in synthetic situations. Within 

such situations, interactions between phenomena must be continually monitored and re-

achieved. Action at different scopes must be made to align again and again, even while 

phenomena threaten to slip out of joint. Their dynamics are like several pieces of music, 

played at different tempos, whose beats go in and out of sync. There is always some 

indeterminacy and friction involved in complex, synthetic work. Nonetheless, 

components of the situation are implicated together. The overlapping temporal and 

agential dynamics of synthetic situations result in various possibilities of response and 

feedback.

In synthetic situations, such responses take on forms of accountability that may 

seem unfamiliar to more anthropocentric perspectives. Accountability, as a feature of 

situated action, involves the ways that responses are implicated by prior actions. As a 

first step, we might consider accountability from the perspective of human actions 

before expanding the scope of analysis. Originally discussed by Garfinkel as a central 

topic of ethnomethodology, accountability might be thought of as an ongoing, practical 
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accomplishment of action (1967, 4). The production of indexical expressions, for 

example, frequently makes the inhabitants of a situation accountable for displays of 

shared, mutual understanding. To take a concrete example, we might consider a 

schematized version of the situation that I used to open the chapter:

Peter: That was the problem.
Peter points to his computer screen as he says this.

Peter: So this is, this is if you, if you’re comparing if you’re calculating the log2 fold 
change, of the two samples against each other. . .
Beginning as he says, “against,” Peter crosses one index finger over the other.

Peter: Then that’s what it looks like. . .
A few seconds pass as Peter and Claude both stare at the screen.

Claude: Okay. . . and that, has significance? . .

Peter: Ahhh what kind of plot is. . . 
Onscreen, Peter pulls the software’s documentation to the foreground and begins 
scrolling through it. A verbal pause of several seconds takes place as Peter and 
Claude read or examine the documentation, graphical output, or code. 

Peter’s utterance “That was the problem,” situated within the ongoing activity that 

he and Claude were engaged within, made the meaning of “that” relatively clear. it was 

very much an indexical expression, delivered in the flow of his and Claude’s shared 

orientation to a problem with their bioinformatic software, following an extended verbal 

pause as both examined the screen and the software’s code and output. That is, the 

meaning of Peter’s words was not wholly determined by verbal semantics, but rather, 

the way they referred to something in the world. That much was not called into question 

(as it rarely would be, outside of linguistic circles). However, by declaring that he had 

located the problem and then providing a description of it, Peter rendered Claude’s next 

actions accountable as a response. Claude’s responses, including both his talk and his 
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lengthy verbal pauses as he looked at the screen together with Peter, called the 

meaning of Peter’s initial statement into question. This retrospectively made Peter 

further accountable to provide a more complete description of what he meant by his 

initial statement. That Peter then turned to the software documentation demonstrated 

that he, himself, may not have understood the software well enough to determine the 

problem in the first place, or at least not in the terms that Claude had expected.

Thinking in terms of situated accountabilities, the words that Peter and Claude 

exchanged are only part of the picture. As a social scientist, words are frequently the 

most easily recognized components of unfolding action. But they are exactly that– 

components of action, components that are mutually elaborated by everything else 

going on. As someone who speaks most of the same language as the members of the 

WD Lab, they provide a great deal of information about what lab members are 

attempting to do. Even so, the way that the inhabitants of the lab use language is just as 

important as the semantics of any particular utterance. One of the most important 

characteristics of language in use is, as Sacks, Schegloff, and Jefferson explored, turn 

taking (1978). More generally, conversation analysts and ethnomethodologists have 

identified the emerging, developing temporality of talk in a situation as playing a 

constitutive role in meaning, interpretation, and understanding. This is critical to more 

recent accounts of the accountability of actions. As Suchman described the notion of 

accountability, actions carry with them an expectation of an intelligible response or, 
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failing that, an understanding that the first agent in a sequence may have the right to 

repeat or make another request (2007, 94).  6

Returning to the example with this and the concept of synthetic situations in 

mind, we might question whether Peter was the initiating agent in the situation. Peter’s 

first utterance in the example emerged from within a shared flow of activities, a course 

of actions with its own trajectory. Just as Peter and Claude were involved in this course 

of action, so too were their computers, the software code they were attempting to 

understand, and the data (derived from biological samples) that they had provided to 

the code so that it would have something to operate upon. With this in mind, we might 

consider the scope of the situation to expand, with its entailed meanings, agents, and 

practices of interpretation taking in additional temporal and scopic dimensions. This 

expansive analytic brings with it the question of what Peter was responding to at the 

outset of my example, and how it figured his utterance as an accountable response.

Considering the WD lab from an interactionist, situationist perspective brings the 

everyday methods of the lab into perspective. Thinking synthetically and through 

concepts from feminist studies of technoscience, we might consider more expansively 

how diverse kinds of agents and phenomena configure the ethnomethods of the lab. 

While this perspective invites a more holistic perspective, it differs from that of the 

theoretical holism explored in earlier studies of science. Theoretical holism, as, for 

example, put forth by Quine, consisted of the argument that empiricists can manage to 

accommodate seemingly disconfirming observations into a theory by adjusting other 

 As Suchman herself noted, she was building not only on Garfinkel and Sacks’ work but also 6

Schegloff’s (1968) investigations of summons-answer sequences. These include, for example, 
the ways that we respond to a knock on the door, a wave from a friend sitting across the room, 
or the ringing of a telephone.
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aspects of that system (1953). Earlier in the 20th century, Duhem had similarly 

suggested that such observations can be easily made ambiguous by reference to other 

possibilities, ranging from the experimental apparatus to theoretical assumptions 

(1954). And Kuhn (1996), who presented what is the most widely read presentation of 

scientific holism, argued that normal science (as opposed to revolutionary science) 

proceeded through the application of theories, methods, apparatuses, and materials to 

problems established under a paradigm. I agree with these arguments as far as their 

implication that observation and theory are inextricably intertwined. Where I differ is on 

how paradigms, theories, or other large-scale representations of science are translated 

into local, social action.

Rather than considering the work of the lab from a holistic perspective in which 

the processes of the lab are accomplished by negotiating observations together with 

knowledge, a situational perspective invites us to examine how actions are occasioned, 

what kinds of actions and agents they implicate as accountable, and how they proceed. 

We might consider how the inhabitants of the lab accumulate their apparatus and 

expectations for how their work might go. Faced with their work, whether it is in 

something as mundane as writing labels for samples or as complicated as interpreting 

the three dimensional structures of proteins from a computer’s textualized output, lab 

members must locally adjust to the situation at hand. 

From an ethnomethodological perspective, this sort of local specification is 

culture. As Sacks remarked, in the midst of a lecture, “culture is an apparatus for 

generating recognizable action.” (1992, 227) While succinct, Sacks’ statement helpfully 

locates culture in relation to action. Rather than considering culture as a shared 
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consciousness, set of rules, or constellation of theories, we might consider culture to 

unfold through recognizable, accountable actions. This echoes Garfinkel’s points on the 

reflexive, accountable methods by which we consistently achieve society. Put another 

way, we might say that culture is made up of the public practices by which we achieve 

intersubjective understanding. Culture, in other words, is made up out of the ways that 

we make our world understandable to one another.

These ways are not mysterious to us. This is because we accomplish them with 

our everyday resources (and, in doing so, make those resources everyday and 

ordinary). These include the resources of conversation, in terms of words, vocal 

prosody, vocal pacing and speed, laughter and other vocalizations, pauses, overlaps, 

and turn taking, as classically explored by conversation analysts (including Sacks, 

Schegloff, and Jefferson). Considering talk as action directs our focus to what we are 

doing when we talk together as well as how we manage and accomplish that talk.

That said, conversation hardly exhausts the everyday resources by which we 

constantly re-do society. We might also consider how recognizable actions are 

embodied, not only as gestures but also as ways of exploring and incorporating the 

world. As exemplified by Alač’s work with both the embodied materiality of fMRI 

research (2011) and with social robots (2016), objects and bodies are expressed 

together. This comes through strongly in Alač’s examples that involve social robots. Alač 

explores how children and instructors unproblematically orient to such robots as both 

agents and as objects. By touching a robot’s hands or interfaces in a classroom, 

students and teachers are made aware of the hard, plastic qualities of a robots body. 

Within the same situation, the actions of students, teachers, and experimenters in a 
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classroom, together with the positioning and actions of the robot, constitute it as its own 

agent (2016, 526).

 This example from Alač demonstrates how multiplicity may be achieved through 

simultaneous action, utilizing a variety of embodied resources. While multiplicity and 

difference can emerge in different contexts (as, say, in separate rooms in the same 

laboratory), it can also emerge and co-exist within the same situation. Where Knorr 

Cetina’s consideration of trading floor activities incorporates some of the sociomaterial 

characteristics of situations, including the bodily experiences of hearing on a trading 

floor while visually monitoring digital output, Alač digs further into multimodal, multi 

sensorial gestalts. Humans can gesture and touch, move within a space and in relation 

to one another, manipulate objects and make conversation. Often, we mobilize 

multimodal resources altogether, as when a speaker moves their gaze around a room 

full of people while talking, or when a person holds up an object so that multiple people 

can inspect and discuss it. Because of the variety and contingency of resources within a 

setting, multiple situations, conducted through different unfolding actions and modalities, 

can overlap. This can be accomplished, in part, by overlapping engagements of bodies, 

gaze, and talk in combination with activities, objects, and consociate co-participants.

The possibilities for the generation of rich, deep, multiple meanings in action 

springs from the wealth of resources encompassed within a situation. These resources 

become significant through the ways that they combine, transform, and decompose 

over time and in contact with one another. This is at the root of C. Goodwin's concept of 
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co-operative action,  which refers to how we deconstruct, and then transform through 7

re-use prior materials provided by others. Temporality is endemic to co-operative action, 

as it relies on the transformation with reuse of earlier materials. Thinking in terms of co-

operative acton can encourage us to think carefully about the histories of materials that 

are being mobilized and transformed within a situation. To refer to one of C. Goodwin’s 

examples, we might consider how an actor might, through the lamination of their 

prosody over a text, vivify words written centuries earlier (2018, 129-30).

Applied to the world of the lab, we might consider how its rich materiality, 

transformed in combination with the embodied actions and communication of lab 

members, comes together as an ecology of action. Ecology in this sense encompasses 

the inhabitants of a world in reference to their interactions over time, both with one 

another, with other agents, and with their environment. Laboratories are, in many ways, 

constructed to facilitate these interactions. Put more traditionally, we might consider 

laboratories to be spaces in which lab members can work with the tools and materials 

required by their investigations. Thinking of lab work as it unfolds within its active, 

ecological context, we might consider that how lab members manage to accomplish 

their work reveals a great deal about what their laboratory is. How do lab members 

make their working processes and findings available to one another? What resources 

do they use in when they make these explanations? And what role does the 

transformation of prior materials play in the everyday work of the lab? Whether those 

 C. Goodwin’s “co-operative” action differs from the more typical “cooperative” action, in that 7

he means to indicate a more general principle of social action that does not necessarily involve 
mutual assistance. As some of his and M. Goodwin’s work explores, live arguments between 
people are suffused with co-operative action. Chapter 4 of this dissertation, in which I describe 
an extended, multi-party argument during a presentation of my ethnographic work to the lab, 
might serve as an example.
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materials come in the form of texts, samples, code, practices, or imaginaries, the activity 

of the lab seeks to remake them and make them anew.

Feminist and ethnomethodological interests intersect when it comes to the 

multiplicity of situated action.  This multiplicity, according to scholars including Haraway, 8

is often masked by the insistent and pervasive repetition of binaries: nature and culture, 

human and machine, human and animal, male and female (1991, 1997, 2003). By 

insisting on relations of the kind “either/or” and excluding other relations like “both/

neither,” categories of agents and their capabilities can become reified and 

mythologized. This obscures the numerous ways that nature and culture are inextricable 

from one another. On a broad scale, human activities are pervasive in our world. We 

have left indelible marks on our planet’s atmosphere, geology, and ecosystems. On a 

more local scale, an insistence on hard divisions between humans and machines can 

obscure the characteristics of how they work together. Myths of Big Data, for instance, 

rely on the idea that the scale of databases, together with increases in processing 

speed, can radically transform computational work.  However, as scholars with a more 9

critical eye have noted, scale hardly guarantees freedoms from bias (Leonelli 2014). 

Studies of the uses of databases, particularly bioinformatic databases, have also 

described the difficulty of overcoming accumulated structures and standards (Bowker 

2000). Significantly, critical scholars of data and data infrastructure often begin from 

considerations of how databases are used and how they transform over time. 

 Suchman’s work, as well as Klein’s (2017) and Gluzman’s (2017) provide notable examples of 8

this intersection. 

 Mayer-Schönberger and Cukier (2013) have co-authored several popular non-fiction books 9

promoting this idea.
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Considerations of scientific practice are important because they are capable of 

dissolving myth and ideology.

And so, in place of obscuring scientific practices with technological fetishism, I 

am interested in the accumulation and situated unfolding of scientific practices. It is from 

such practices that abstractions emerge. Where Whitehead (1925) was concerned with 

mistaking abstractions for concrete reality,  from a critical, feminist standpoint we could 10

consider how those abstractions are selectively developed. This process of abstraction 

is revealing in terms of power. Systems of justification delineate what may be regarded 

as acceptable, accurate evidence and what may be treated as inconsequential errors or 

mistakes. In addition to Haraway’s work, as described above, we might consider 

Longino’s (1990) critical investigation of endocrinology. Longino argued that 

endocrinological research that assigned an explanatory role for androgens and 

estrogens in relation to perceived characteristics of gender and sexuality assumed 

qualities of femininity or masculinity that could also be explained by social and 

situational factors. As an example of the ways that socially normative views on sexuality 

could permeate endocrinological work, we might consider unsuccessful attempts by 

endocrinologists to attribute homosexuality to endocrine imbalances (Longino and Doell 

 I am referring to Whitehead’s fallacy of misplaced concreteness. Whitehead coined the 10

fallacy to refer to a problem of abstraction, a problem that he believed was common to the 
sciences. Namely, Whitehead considered the separation of temporal and spatial extensions of 
objects to be fallacious. In our experience, according to Whitehead, objects have a more 
concrete basis as processes or events than substance (1929). Both ethnomethodologists and 
feminist authors (in the shape of Garfinkel and Star) have engaged with the fallacy from 
different directions. As Rawls points out, Garfinkel differs from Whitehead in that he considers 
objects to be constituted through public, shared practices rather than through concepts (2008, 
79). Star, who originally sourced the concept of the fallacy from Dewey, used it to weave a 
theoretical mixture of Straussian grounded theory and pragmatism. Her use of Whitehead’s 
concept embraced the queerness and ambiguity of objects, persons, and society. As Star saw 
it, objects are only objects– and information only information– when they exist as relationships 
between multiple interpretations (2015, 151). 
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1983, 218). As they argue, it was no coincidence that endocrinologists linked together 

theories of hormonal imbalance to what was, in history, depicted as a deviant condition.

My interest here is in the links that may be drawn between how the distinctions 

made within the laboratory impact its work. In this, much of my work shares a focus with 

that of Haraway and Longino. My work builds on theirs by embracing some of their 

major conclusions, namely that distinctions made in courses of scientific action reveal 

categories of scientific knowledge. This is relevant to power in terms of which kinds of 

beings categorically have agency and which kinds of beings do not.

As such, to think in terms of synthetic situations, multiplicity, and distributed 

agency is to challenge dominant perspectives of power. The complicated dynamics of 

such perspectives, however, have been disputed in some quarters of science and 

technology studies. From some perspectives, the most important aspects of synthetic 

situations might appear rare or illusory. While scope and temporality might impact our 

perception of agency, they might not radically transform it. Some science studies 

authors argue that we ought to walk back our thinking about agency to an immediate 

form: namely, that of human agency. Beginning from human agency, the world might 

seem to fall more neatly into categories of agents and objects.

This approach is exemplified by Collins and Kusch (1998), who emphasized the 

ways that human encounters with technology involved distributions and displacements 

of agency. They argue that such displacements, into, say, automated systems, might be 

said to mystify us into a belief in non-human agency. According to Collins and Kusch, 

technological encounters frequently involve situated human agents interacting with 

other humans at a spatiotemporal remove, as mediated through objects. Those objects 
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can perform a variety of actions, but those actions are always traceable to those that 

can be performed by humans. And while technologies may be capable of performing 

actions in ways impossible to humans (for example, the capability to perform extremely 

rapid calculations), those actions still resemble and originate from human activities. 

As an example, we might consider a self-checkout machine at a grocery store. 

As Collins and Kusch suggest, such machines might be categorized as proxies or tools. 

On their view, machines might either amplify something humans can do or be made to 

mimic our actions. A self-checkout machine, on this perspective, mimics many of the 

actions of a grocery store cashier. It takes stock of what a customer brings to it, 

compares it to its own catalog of items and prices, produces a total that a customer 

must pay, and then collects payment and (if something as primitive as hard money is 

used) makes change. These actions require a human interactional partner’s interpretive 

work. As a mechanical proxy, the self-checkout machine might give rise to problems that 

could be rapidly negotiated between two human interactional partners. The trick in 

employing such automated systems, according to Collins and Kusch, is to encourage 

human interlocutors to repair the interaction.  Where I might ask a human cashier to try 11

and re-scan a pinched barcode, with a self-checkout machine I am faced with re-doing 

the scan, myself. My efforts to appease the machine, which might play a repeated 

sound file requesting that I, “please scan the item and place it in the bagging area,” 

might result in my attribution of agency to it. I might speak in frustrated terms about 

what the machine “wanted,” what it “made me do,” or in terms of “appeasing the 

 As they, themselves, note, this builds off notions of conversational repair from 11

ethnomethodology and conversation analysis (1998, 122).
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machine,” but these could be chalked up as interpretive strategies that I use to 

negotiate my use of the machine. 

This perspective has some value in that it draws attention to the work that 

humans do to make sense of machine output. However, Collins and Kusch undervalue 

how machines operate as interactional partners. I do not think that their approach to 

action and technology gets us far enough when we consider complicated activities like 

the work that goes on in the WD Lab. Indeed, even self-checkout machines might be 

more active than I presented in that last example. The issue has less to do with 

categories of machine action and more to do with the frame, the unit of analysis, the 

idea of what action is.

To begin with, we might want to avoid creating a typology of actions and agents 

in advance. Perhaps we should avoid assuming divisions between what humans and 

machines can accomplish before we look closely at what they do together. Our 

descriptions, if detached from local, situated action, lack the richness of the world. It is 

difficult to refocus on action, to ask of a situation how it constitutes actors, without 

utilizing some of our (speaking as a product of American society) most frequent 

categories and binaries. That is, it is difficult to look at a situation and resist the 

assumption of a divide between the agency of fellow humans and the objects of their 

actions. But ethnomethodology presses us to do just that, to look at what is being done 

before assuming our own categories. This ways that categories are made, and the work 

that they are made to do is, in some ways, a classic concern of the sociology of 

knowledge. Applied to agency, we might look at a situation and ask how its members 
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constitute themselves and others as actors and objects, noting both the contingency 

and orderliness of those figurings.

 As Trinh Minh-ha has said, “Reality is delicate. My irreality and imagination is 

otherwise dull.” (1982) To paraphrase Harvey Sacks, we might imagine all kinds of ways 

in which an action could be done, then second guess ourselves when it comes to our 

observations of what goes on. In considering how a situation unfolds, Sacks suggested: 

Just try to come to terms with how it is that the thing comes off. Because 
you’ll find that they can do these things… So just let the materials fall as 
they may. Look to see how it is that persons go about producing what 
they produce. (Sacks 1992, 11)

These are more than empirical directives. Sacks was not directing to merely observe, 

but to observe social action in terms of what persons accomplish, and then work back 

through a situation to see just how it was accomplished. Both Sacks and Trinh, different 

though their theoretical and methodological motivations might otherwise be, agree on 

two points: first, attention to the production of reality is more challenging than a retreat 

to the ways that we imagine the world. Second, the world continues, whether we 

manage the delicate task of paying renewed attention to it or not. 

That “persons go about producing what they produce” might, by itself, seem 

tautological. Set in amongst concerns with how persons manage to produce actions, 

however, it might become something more like an aphorism. We, and all that we 

encounter, are already in the world and within society. Thrown into this condition as we 

are, we become equipped with a familiarity with the world. This familiarity, our intentional 

and relational way of being in the world, directs our attention and understanding. By 

continuing to live within society, we become equipped with ordinary, everyday methods 

of acting and being, methods which are shared, accountable, and reflexively available to 
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one another. These are ethnomethods, the means through which we are together able 

to continually produce recognizable actions within an intelligible world. To accomplish 

this continual production, I suggest that actions encompass a variety of materials. 

These may include persons, tools, machines, computers, and other living tissues and 

organisms. While it may, under some circumstances, be helpful to analytically separate 

out humans from non-human actors, that same post-hoc separation can distract us from 

the gestalt in which we live.

For example, we might consider situations in which we use a found object as a 

tool. Such improvisation displays the ways we situationally constitute objects. I might 

initially use a mug to drink from, but, once its empty, I might refill it from the tap and use 

it to water plants. The change in use makes the mug relevant in different ways, to 

different parts of the world (while small, even different parts of my apartment might be 

constituted as different parts of the world). While this is a simple example, it is relevant 

to a long running debate. When it comes to use, we might consider whether different 

uses are contained within an object, if they are determined by the agent using the 

object, or if use arises out of the interaction of agent and object. One perspective on this 

is related to affordances– that is, objects in our environment can be spoken of in terms 

of what actions they afford (Gibson 1979, Norman 2013). Speaking in terms of 

affordances invites discussion of psychology, but it also invites considerations of how 

thoroughly society saturates perception. Under Gibson’s formulation, affordances cut 

across subjective and objective boundaries, bringing together actor and environment. 

Norman’s expansion of the theory of affordances even more thoroughly imbricated 

social and developmental aspects of human life into the recognition of objects. Even so, 
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a divide remains: thinking of objects in terms of affordances presumes some stability, 

usually taken in terms of structural, material stability, even if the use of objects is subject 

to fluid, socially achieved transformation.

Both might benefit from being placed in conversation with Garfinkel’s work on 

information, communication, and objects (2008). For Garfinkel, objects must be 

recognized as such by the members of a situation. There are no objective, 

transcendental objects outside of how they are constituted through situated practices. 

For that matter, there are no transcendental, permanent actors or agents. Our partners 

and co-producers within situations shape them together with us. That we so often 

encounter some things (computers, for example) as objects and others (humans, for 

example) as actors, is a feature of our ethnomethods at work. It is a feature, in Sacks’ 

sense, of our culture at work. Through a continual, often taken-for-granted exercise of 

our everyday methods of sense making, we recognizably constitute what kinds of 

beings are able to act and what kinds re-act. The permanency with which many of our 

categories seems to hold relies on the strength of their regularly enacted social 

constitution. However, to different communities, engaged in different courses of action, 

we might find these categories to be surprisingly mutable and multiple.

Methodological situationism  grounds social investigation in the reciprocal and 12

situated character of interaction. Rather than considering that social theory must be 

 I owe this term to Knorr Cetina (1981). Much of her approach, all the way up to her more 12

recent projects on synthetic situations, can be traced to this orientation. The term itself is 
meant to sit between methodological individualism and methodological collectivism, which are 
more useful as heuristic terms than descriptors of any one social researcher’s approach. In 
many ways, symbolic interactionists like Goffman (particularly in pieces like his, “The 
Neglected Situation” (1964)) might also be thought of as methodological situationists. 
Ethnomethodology, too, might fall under this descriptor, although an ethnomethodological 
understanding of how situations are constituted and unfold differs from that of symbolic 
interactionists.
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made accountable to individuals’ beliefs and actions, a methodological situationist urges 

attention to the situations in which people and our world constitute themselves. This is 

accomplished through developing, unfolding interaction that utilizes available complexes 

of materials and actors. The situational relationships that comprise that doing are those 

that take place amidst ongoing, developing lives and worlds. They are already in and of 

the world, and as such, we do not need a typology to find them. Rather, we might look 

to see what is being done, and how, and then reconsider what we mean by “action,” 

“actor,” “object,” and “world.”

These categories do not emerge separately, but all together, as emergent, 

situational phenomena. I take this word as Barad does. Her use is not aligned with 

Kant’s, but is more like phenomena unleashed, without the shadow of the noumenon. 

Following Bohr, Barad sees phenomena as an “ontological inseparability of agentially 

intra-acting components… Significantly, phenomena are not mere laboratory creations 

but basic units of reality.” (2007, 33, emphasis original) In other words, phenomena 

come into being relationally, however they might later be analytically distinguished. 

Separate agencies do not precede an interaction. Rather, agencies emerge with one 

another in intra-action. Indeed, distinguishing between bits of phenomena, on Barad’s 

account, involves making agential cuts, purposefully distinguishing objects from one 

another despite their coming into being together as whole, entangled phenomena.

If we are interested, then, in ecologies of action in the lab, we might focus on how 

lab members constitute objects and agents. This is key to Mol (1999, 2002), Verran 

(2001), and Law’s (1991, 2002) work, each of whom reconfigures actor-network theory 

through feminist and postcolonial themes. All three further our understanding of the 
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multiplicity and stabilization of objects through sociomaterial apparatuses and practices. 

Law, for example, has examined how mathematical topology configures objects and 

space. In such work, different ideas about space are consequential for how fields of 

objects might be understood as stable or in a state of rupture (2002). This is, he 

suggests, consequential for how we understand the normative status of objects. Some 

objects are more easily recognizable in space and time than others. Using the example 

of a ship, Law considers how objects with clearly understood spatiality and network 

position might have an easy sort of intelligibility to people enmeshed in the same 

systems of relations. In terms of spatiality, the parts of a ship might be understood as 

standing in particular spatial coordinates, relative to one another, as a ship’s bow sits in 

relation to its stern. In terms of network position, a ship thusly understood might be 

recognizable in use as a shipping, pleasure, military, or colonial vessel. Together, the 

physical and social properties of the ship elaborate what kind of object it is.

However, some objects resist such easy coordination. To take an example from 

the WD Lab, we might examine phenomena like CircRNAs (or circle RNAs). CircRNAs 

are pieces of the genome with a shape that folds back on itself. This makes them 

different than other types of RNA that are more linear in structure, and thus have a more 

easily understood way of binding to other molecules. The shape of circRNA, the way 

that they are thought to exist in space, complicates their network position. Since they do 

not have a shape that follows the conventions of other, similar objects, their function 

within the genome has, until recently, resisted elucidation. This is not simply because of 

its shape, but because that shape often results in its relegation from analysis. When an 

experiment characterizes RNA, it might identify concentrations of circRNA amongst the 
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varieties that it finds. Bioinformaticians frequently exclude the resulting data from 

analysis, filtering it out into a subfolder and then, largely, ignoring it. As such, as an 

object, circRNAs are only partly understood. 

This is not a straightforward causal story, as it is not as though the molecular 

constitution of circRNAs by itself leads lab members to ignore them. Plenty of other 

objects with challenging chemical morphology are of interest to the lab. But, as I will 

explore in later chapters, bioinformaticians are often looking for ways to filter their data, 

to have a stronger statistical grip on which parts of their data they can say are 

important. That case can be made on mathematical, statistical grounds, but it also can 

be made on the grounds of what make biological sense. That is, from the perspective of 

a biologist, if some phenomena like circRNAs are not expected to play much of a role in 

genetic expression, then it might make sense to exclude them from analysis. The 

reasons to leave data about such molecules out, is responsive to a variety of factors: 

how they are physically and chemically characterized; how they stand in relation to 

other biological entities; how they appear and may be manipulated as data; and how 

they may be seen by lab members as having less priority than other molecules. The 

dynamics between these factors are not linear– they sit in relation to, and reinforce one 

another. In these respects, circRNAs are multiple.

Another component of Law’s argument is that multiplicity arises around objects 

that are heterotopic. CircRNAs are excellent examples of heterotopic objects, objects of 

the kind that Law describes when he remarked that “spatialities and the objects which 

inhabit and enact them are uncomfortable.” (2002, 92) This way of thinking about 

objects recalls Foucault’s notion of heterotopic spaces (1970, 1986). In Foucault’s use, 
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heterotopias are real spaces that contest, invert, and represent a culture. They are the 

inverse of utopias, those unreal spaces of possibilities towards which a society imagines 

itself. Mirrors illustrate Foucault’s concept as they reinforce our conceptions of our own 

bodies in space by being where our bodies are not.   Law’s use of hetertopic spaces 13

builds on this concept of reality illustrated through difference by focusing on alterity. We 

might consider, from his perspective, that successful, intelligible objects are illustrated in 

relationship to more unruly objects.  In this way, circRNAs sit in relation to their more 14

easily intelligible cousins like mRNAs. Where the role of circRNAs in gene expression is 

still largely uncertain, mRNAs, or messenger RNAs, have been recognized as some of 

the primary molecules responsible for transporting genetic information from DNA to the 

production of proteins. This distinction between these varieties of RNA is not only a 

biochemical concern: it emerges as a social concern when bioinformaticians program 

filters that separate data about one from the other. This leads to an increasing body of 

knowledge about one family of molecules while another remains relatively obscure.

 An uneasy relationship between objects and the multiple possible ways they can 

be enacted sits at the heart of Law’s argument. When considering different components 

of cells and genomes, it becomes practically important to amplify some signals while 

suppressing others. Different varieties of RNA are made different by certain features of 

 C. Goodwin (1995) also refers to heterotopic spaces when he describes the material and 13

embodied relationships at play on an oceanographic vessel. In C. Goodwin’s hands, Foucault’s 
concept describes how oceanographers manage, in real time, to make sense of the multiplicity 
of spaces represented by their tools. The relationship between oceanographers, their 
apparatus, and the screens visually displaying readings from that apparatus becomes a live 
navigation of spaces seen differently. In this, C. Goodwin grounds his analysis of heterotopic 
spaces in the lived interactional, technological activity within a situation.

 This is resonant with how Domínguez Rubio (2014, 2016) describes how the seeming 14

stability of objects (in his examples, art objects) requires constant maintenance.
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their spatiality. This difference is then reinforced through bioinformaticians’ practices. 

The dynamics of this reinforcement and its development from biochemical definitions of 

each molecule are contingent, arising from a mixture of sociomaterial achievements. 

This has the effect of establishing circRNA and mRNA as different kinds of objects, even 

as the qualities of objecthood are established in their relation.

Law’s work supports renewed engagement with alternate descriptions of sociality 

and objects. Many of the same themes have found rich expression in Verran’s 

considerations of mathematical systems in Nigeria. Her work further elaborates 

multiplicity as it is occasioned through embodied and material practices, together with 

language. She begins with her disconcertment  regarding the uses of tools used to 15

teach mathematical systems, first to Nigerian math teachers, and then as used by their 

students. These material tools, which might be as simple as beads or knots on a rope or 

string, were initially understood by Verran as a way of translating spatial relations into 

mathematical ones. While she recognized the intended use of those tools in relation to 

her own mathematical education, she rapidly came to see how they were adapted for 

use in Yoruba counting and ordering practices. This may have initially passed as some 

obvious difference, one involving a typical notion of translation, but that was not how 

students’ used or understood the material-mathematical tools at hand. What was more 

interesting than a clear difference, with clearly delineated and understood points of 

contact and transformation, was rather more elusive and fluid in practice. Rather than 

perceiving two different mathematical systems with points of conflict and difference, 

 Verran uses disconcertment to encounter and reflect on multiplicity. The experience of 15

coming into contact with alterity, being made to switch between what is made “the same” and 
“the other” enables that reflection.
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Verran saw students using both systems unproblematically. Yet, they did not blend into 

one another– their difference was preserved. However, those same differences did not 

seem to present difficulties for how they were learned or used. As such, where Verran 

experienced disconcertment at the experience of two conceptual systems being used 

together in situated practice, others in slightly different, overlapping situations made use 

of those systems unproblematically. 

As in synthetic situations, this overlap is understood by Verran to be a key 

ingredient of multiplicity. An ethnographer might experience rupture when seeing 

phenomena they had considered disparate enacted together. That rupture is part of a 

heterotopic moment. From an ethnographic standpoint, it is sometimes difficult to 

disentangle concurrent but differing understandings of a situation. Sometimes, it may 

seem like an ethnographer’s understanding can glide past other members. Even 

amongst members, a great deal of work might be required to bring their understanding 

and interpretation into contact, especially when considering matters that require 

specialized expertise. In the WD Lab, this work takes a variety of occasioned forms. 

During laboratory meetings, it may be difficult for members who usually do wet lab work 

to understand a presentation delivered by someone who works in the dry lab. The act of 

figuring out instructions, whether they arrive from local collaborators or from other 

laboratories, might occasion active, multimodal interpretation. And, as demonstrated by 

Claude and Peter, responding to software might require time, communication, and the 

mobilization of whatever interpretive resources are at hand.

In Mol’s work, multiplicity emerges as a quality of phenomena that may be 

coordinated and resolved but is just as often made unproblematic through distribution. 
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In her (2002) study of atherosclerosis in a Dutch university hospital, Mol explores how 

hospital members selectively render the phenomena. Sometimes, members of the 

hospital succeed in getting atherosclerosis to hang together as a coherent object. 

Frequently, however, objects are not achieved as unities at all, but left incoherent. 

These incoherencies persist for a varieties of reasons, sometimes because of 

bureaucratic or institutional requirements, considerations of practice, or matters of 

medical classification. Mol found that, in the hospital, the different ways of constituting 

and interpreting atherosclerosis were spatially distributed in different wings of the 

hospital. Unsurprisingly, this also corresponded to different sorts of practices: the ways 

that a general practitioner might treat symptoms of atherosclerosis can differ from those 

of a surgeon. They can both say that they’re treating athersoclerosis, its meaning can 

be very different. Atherosclerosis can be diagonosed in response to reports of pain, two 

dimensional images, or arterial plaque. Clinical practices, diagnoses, and prognoses 

can differ accordingly. As Mol says, atherosclerosis is “one thing here and is something 

different a little further along… It is pain in diagnosis and a clogged-up artery in 

treatment. Reality is distributed.” (2002, 96) 

The same is true of objects within the WD Lab. A sample is relevant in different 

ways at different moments, places, and to different members. It may originate in a 

different lab as a cell culture. For lab members who are studying particular kinds of 

phenomena like ALS (Amyotrophic Lateral Sclerosis), these cells may be drawn and 

then cultured from a human patient living with a disease. The WD Lab works with a 

variety of different cultured cells, for the most part cells that originate from human 

bodies. In addition to working with cells that were drawn from humans who have been 
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diagnosed with a disease or disorder, the lab also does a great deal of work with iPSCs 

(induced Pluripotent Stem Cells).  Depending on the project, cells that have been more 16

or less manipulated before they arrive in the lab might be required. In some cases, as 

with the lab’s studies on diseases thought to have possible genomic etiology, the source 

of the cells is important. The cells must come from a person with specific qualities, 

namely a relevant diagnosis. In other cases, as with the lab’s work with iPSCs, it is the 

more artificially induced qualities of a sample that are important. iPSCs are transformed 

from adult cells in the first place, and it is their further ability to transform into other cell 

types that makes them phenomena of interest. From the outset, the phenomena of the 

lab are constituted differently. 

This difference can be established before the cells even arrive in the lab as living, 

wet, things. As the lab works with other collaborating companies and academic 

laboratories, they are subject to the schedules of others and how those others develop 

and deliver samples. Lab members, most particularly the PI and senior project 

scientists, write about particular cell lines, culturing procedures, and collaborators in 

their grant proposals. Members of the laboratory’s staff understand the cells that the lab 

will use in experiment on paper, over email, and through online systems as they 

negotiate the University’s systems for purchasing and collaborating. For example, in 

 iPSC cells are adult human cells that are converted, through the introduction of specific 16

genes, into pluripotent stem cells. Developed in 2006, these cells are capable of indefinite 
propagation and can develop into every other cell type. They differ from human embryonic 
stem cells (which have been made into politically complicated objects in the United States and, 
more locally, in California) in that they can be drawn from living, adult humans. 
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2011, the lab participated in a grant that established it as a part of the ENCODE  17

project. The grant, which was co-authored by the WD Lab’s PI together with the heads 

of labs, mentions two cell lines as part of its specific aims: GM12878 cells and HeLa-S3 

cells. These cell lines were two of those designated for use by the ENCODE project. As 

a collaborative project, the public-facing website for ENCODE declares that it has 

created a list of approved lines, “to aid in the integration and comparison of data 

produced using different technologies and platforms.” (genome.gov, 2012) 

This is a standard, in not so many words. As Lampland (2010) reminds us, 

standards are meaningful not only institutionally but in relation to local working 

conditions. This, in turn, means that standards transform through the course of a project 

as different kinds of working objects. As Star and Griesemer (1989) argue, standards 

may be one of the ways that institutions attempt to translate their interests to their allies. 

The ENCODE project was, from the outset, an attempt to build a network of 

collaborating institutions, “open to all interested academic, government, and private-

sector investigators, as long as they abide by established Consortium guidelines 

(www.genome.gov/10006162)." (ENCODE Project Consortium 2004, 638) Of course, a 

lot hinges on “all interested… investigators,” as any participant would also have to be 

able to contribute to a functional genomics project. Anyone responding to the ENCODE 

project request for proposals would also need a strong working knowledge of the 

existing methods of investigation, the ability to acquire materials necessary for genomic 

research, and a community of people to actually conduct that research– in short, 

 This is an acronym for the ENCyclopedia Of DNA Elements. The National Human Genome 17

Research Institute (NHGRI) launched the ENCODE project in 2003 with the intent “to identify 
and precisely locate all of the protein-coding genes, non-protein coding genes and other 
sequence-based functional elements contained in the human DNA sequence.” (NIH 2003)
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ENCODE project collaborators would need a lab. That said, not just any lab would do. 

Any lab participating in the project would need to be able to effectively localize a mass 

of explicit and less visible standards into their work. These would range from the 

varieties of cells that could be utilized to a capability to share data “according to the data 

sharing policy developed by the NHGRI for this project.” (NHGRI 2002)  Everything from 

cell lines to the data derived from them would have to be put into a form recognizable to 

the ENCODE project and NHGRI at different points within an investigation.

When a granting agency like the NHGRI puts together a new project and issues 

guidelines for participation, they constitute objects in certain ways. An investigator 

writing a grant who is responsive to those guidelines also understands them their 

accountability. In writing a grant proposal that describes the cell lines to be used for a 

project, its authors constitutes those lines as particular kinds of objects. The 

demonstration of cell lines as textual achievements is done through the future-oriented, 

prospective description of their use. The ENCODE project guidelines describe cell lines 

first in terms of their institutional role, as something that will aid in the integration and 

comparison of data. Even at the outset of their public-facing statement, the motivation 

for using a delineated set of cell lines looks forward to the transformation of those cells 

into data. But that quality of cells within the guidelines and the WD Lab’s grant is not 

only anticipatory, but part of what those cells are within the situation of soliciting for, 

writing, reviewing, and awarding grants. 

With the grant approved (as it was), the cells specified within it then take on 

different forms of local importance. They inhabit particular rooms in the lab, including the 

“TC room,” (the lab’s abbreviation for the Tissue Culture room). This leads to 
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negotiations over shared spaces, environments, refrigerators, labels, and tools. The 

presence of cells in the lab also involves different concerns over time cycles. While the 

timing of grants often operates on annual cycles, cells that are living in the lab work on 

experimental time. Managing the projects of the lab requires the navigation of cellular 

life cycles, experimental time, and grant, project, and other academic deadlines. This 

management requires scheduling and collaboration on the human scale. As an 

examples, lab members might consider how to effectively label different samples for 

concurrent experiments, or they may regulate fume hood usage with posted schedules. 

The cells specified in a request for proposals or a grant emerge from objects with 

textual and rhetorical significance into material objects with life cycles and interactions 

of their own. While in the lab, cells intra-act within the life cycles of experiments that 

enroll technologies like light microscopes, flow cells, and automated sequencing 

machines  as well as laboratory members. As these experiments further transform 18

cells, they may themselves be altered. Depending on the success of a protocol, the 

laboratory environment, and the results of quality control testing and genetic 

sequencing, cells may produce samples that require adjustment either chemically or 

algorithmically. Depending on how the cells that are the subject of experimentation 

interact with particular chemicals or machines, an experimenter may find themselves 

prolonging their experiment. Alternately, an experiment may go well on the wet lab end 

but become problematic with the involvement of bioinformaticians. The data produced 

by an experiment may not meet particular computational standards. The standards for 

uploads to the ENCODE project database are a case in point. An experiment can be 

 Some of these technologies may seem arcane to some readers. In later chapters, I will 18

describe them in more detail. 
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productive in terms of its ability to produce genetic information, but unusable if that 

information cannot be properly filtered or understood within a set of statistical 

parameters. 

When it comes to being treated as data, in other words, cells are once again 

transformed as objects. As in Mol’s hospital study, this often involves relocations in 

space as well as related personnel. To the bioinformaticians of the lab, cells are typically 

most important in the aggregate, and only then once they are textualized, that is, 

rendered into code. The cells that have been transformed into code are largely 

disposable to the bioinformatician once they have whatever data that the lab could 

extract from them. The variety of cells used in an experiment is still relevant, not in the 

least because the database standards of the ENCODE project or similar initiatives 

require that cell type be included along with other sequencing information. Yet very 

different things can be done with the data of many cells than can be accomplished with 

the “same” cells under a light microscope. Furthermore, many of the transformations 

that the lab enacts on cells are irreversible. Any errors that can occur along the 

development of an experiment from the acquisition of cultured cells to their alteration, 

chemical treatment, and sequencing might be adjusted to with further transformations, 

but there is no way to undo material changes to a cell’s composition. This can have a 

knock-on effect to the resulting data, as statistical adjustments and comparisons are 

constrained by the output of a sequencing experiment. 

In the mode of co-operative action (Goodwin 2018), the transformation of cells as 

different kinds of objects involves decomposition and transformation with re-use. The 

lab’s bioinformaticians use their repositories of code and data in similar ways, 
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reshuffling and adjusting code that has been previously created in order to streamline 

their process or produce a new perspective on old data. This is what Peter and Claude 

were up to in this chapter’s recurring example.  In that moment, they were testing out 19

and tuning a piece of software that was produced by a lab on the other side of the 

country. If Claude and Peter had been able to integrate that software with their own data 

analysis pipeline, some of their work might have been able to proceed more smoothly. 

To test out their implementation of the software, they had loaded a previously produced 

and analyzed dataset. This dataset characterized what Peter referred to as “samples,” 

which are collections of experimentally treated cells. By the stage at which Peter was 

usually involved, these cells would have been inscribed into code. This code is not 

easily legible to humans without the assistance of computers and software. Part of the 

trouble that Peter and Claude encountered had to do with how the software attempted 

to render that code interpretable. This was done through the execution of a 

mathematical transformation and the production of a graphical plot of the data on the 

resulting scale. While Peter and Claude’s work often involves such mathematical 

transformations, even the specific transformation at hand (“the log2 fold change”), in this 

case it resulted in output from the computer that Peter and Claude struggled to 

understand.

Peter and Claude’s attempts to understand how the software was interpreting a 

dataset involved both their methods for producing intelligible, responsive actions 

between one another but also with their computer. Radiating out from this situation was 

the local ecology of the lab and its history. The software that they were attempting to 

 I refer to the example introduced on page 1 and transcribed in additional detail on page 16.19
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implement had been developed by another lab. The data that they were re-purposing in 

order to test that software had been produced by an earlier experiment. Distant 

collaborators, both geographically and temporally, contributed materials to the situation 

that then unfolded. This was taken into account by Peter’s attempts to understand the 

problems that he and Claude were having with the software. It is important that even 

understanding the problem at hand required the mobilization of these distributed 

resources, let alone attempts at working out a solution to whatever that problem turned 

out to be.

The overlapping trajectories of laboratory work make up a complex ecology. This 

is an ecology of shifting objects and agents, situationally responsive and synthetic. The 

transformation of entities within this ecology is central to what it means to be a 

laboratory. At our present historical moment, this is well demonstrated by genomic 

research laboratories like the WD Lab. In its myriad, processual productions and 

transformations that layer and recombine molecular, digital, and human realities and 

actions, contemporary scientific practice emerges in vivid detail.

In the chapters that follow, I will continue to pursue and unpack the various 

subjects, problems, phenomena, and situations that I began to describe in this 

introduction. In chapter two, I ask how it is that the WD Lab came to exist as a 

historical entity. I trace how molecular biology emerged within the twentieth century and 

within southern California, leading to the establishment of the University of California, 

San Diego and, eventually, the WD Lab. More than an institutional history, I am 

interested in how molecular biology emerged with the ecology that I observed in the WD 

Lab. How is it that genomic researchers arrived at the lab’s blend of biological and 
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computational sense making methods? How is it that the lab could have been 

constructed and funded within the context of federal, state, and local institutions? What 

ways of biology in the 20th and early 21st century prefigured the work of the WD Lab, 

and how did they result in initiatives like the ENCODE project?

In chapter three, I move from a historical and discursive mode into a detailed 

ethnomethodological examination of a laboratory meeting. Interdisciplinary genomic 

work requires that lab members with diverse expertise attempt to communicate with one 

another. In the course of laboratory meetings, members attempt such communication. 

Because the lab’s members do not completely share expertise or familiarity with one 

another, attempts to broadly communicate in lab meeting can require the active 

participation of a variety of lab members. In the meeting that forms the central example 

of this chapter I explore how Peter attempted to establish a bioinformatic problem. As 

that problem concerned not only the lab’s bioinformaticians but also the practices of its 

biologists, several other lab members attempted to position that problem so that it could 

be understood as more broadly meaningful. The successive transformations of the 

problem were revealing for how lab members attempted to bridge different semiotic 

modalities in the pursuit of such mutual understanding.

The fourth chapter picks up where the third leaves off, exploring another lab 

meeting that was a shared elaboration of the central example of chapter three. In that 

lab meeting, I was the presenter, and I asked the assembled members of the WD Lab to 

unpack my video of Peter’s presentation together with me. An extended discussion 

about the purpose of lab meetings in general followed, along with several disputes 

about the difficulties of communication between lab members with differing expertise. 
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Both the third and fourth chapter center explorations of lab members attempt to achieve 

objects, particularly presentation slides, as mutually intelligible. Chapter three focuses 

more prominently on the efforts of lab members to achieve shared intelligibility around 

an object (and, thusly, to successfully achieve that object as an object). Chapter four is 

more focused on how those efforts might fail to constitute an object as a unified, 

coherent thing. In dialogue with Star, chapter four concerns with Rawls and I 

(forthcoming) have described as a failed object. As such, chapters three and four 

involve a reconsideration of the relations between objecthood and situated action, 

recasting how scholars of science and technology consider canonical concepts like 

boundary objects (Star and Griesemer 1989; Star 2010) or trading zones (Galison 

1997). 

In chapter five, I transition from a setting from a laboratory meeting setting into 

the dynamics of the wet lab. I explore three situations, focusing on how lab members 

interpret instructions, make judgements of similarity and difference, and produce 

synthetic situations. As described above, the inhabitants of these situations make use of 

their embodied, worldly familiarity with one another, their materials, and the instruments 

of the laboratory as they figure out how to proceed with routine laboratory tasks and 

novel experiments. In exploring cases where lab members adjust their courses and 

trajectories of action, I attempt to further expand how ethnomethodologists and 

sociologists of science think about instructed action and science as a socio-material 

process. 

As with chapters three and four, chapter five and chapter six are meant as a set. 

While I focus on the dynamics of work and methods of interpretation within the wet lab 

�46



in chapter five, in chapter six I examine the sociomaterial reality of the dry lab. This 

involves conversations with members of the dry lab about the WD Lab’s data pipeline, 

the way that their work connects to the wet lab, and observations of how the members 

of the dry lab produce, adapt, or tune their code. In this chapter, I return to Claude and 

Peter’s troubles with software that I introduced here in much greater detail. Between 

chapters five and six, the lab emerges most thoroughly as a processually unfolding, 

developing ecology of actions. Over multiple scales and overlapping temporalities, 

different components of the lab emerge or submerge as agents or objects. Throughout, 

my investigation considers how the trajectories of actions within the WD Lab produce its 

phenomena. As a result, my investigation provides a demonstration of a thoroughly 

saturated social reality as it encompasses situations of molecular, digital, and human 

interaction.

Lastly, in chapter seven I speak to the overall concerns of this dissertation. 

Primary to those are the developments of the previous chapters as a hybrid 

ethnomethodological study. This study is a hybrid in multiple ways. Not only does it 

explore the WD Lab as a perspicuous site for the lived, social categories of molecular 

biology, but it also proposes a hybrid between ethnomethodological, interactionist, and 

feminist thought. This involves a negotiation of the first order categories of the lab 

together with the second order categories of science studies. Through detailed 

ethnographic attention and collaboration with lab members, the situational constitution 

and overlap of agents of different kinds is explored. In this, the WD Lab is detailed as an 

ecology for action.
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Chapter 2: Local and Historical Situations of the Lab

And you may find yourself living in a shotgun shack
…

And you may ask yourself, “Well, how did I get here?”

-Talking Heads (1980)

One night in the first few months that I began graduate school, I went to a house 

party. A friend of mine in the sociology department had just found a roommate in an 

apartment in graduate housing, and so he was able to move in after an initially 

precarious arrival. The roommate had already been living in the apartment for a while, 

and his housing contract was a little different than my own or the one that my friend 

signed. Most of the time, graduate students could only live in campus housing for a 2 

year maximum. However, some exceptions could be made for students depending on 

their circumstances. Most of the people who I had met with such an exception were 

parents, citizens of countries other than the United States, or both. This roommate 

apparently had a different kind of deal: an exception based on his status as a graduate 

student in the division of biological sciences.

In true student fashion, my friend Edgar and his new roommate, Peter,  had 20

almost no furniture in the living room when Edgar moved in. The apartment was 

therefore a little bit bare for a house party, but I suppose that made it easier to stand 

 Pursuant to the conditions of my research plan as authorized by the UCSD IRB, I will be 20

using pseudonyms for the names of all the participants (except for myself) in this work. This 
extends to the names of some institutions, as well. That said, I have not masked the University 
of California, San Diego, nor the names of cities and counties where my ethnographic work 
took place. Doing so would obscure the connections that I wish to draw between the 
University, its laboratories, and other collaborating institutions and events.
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around and mingle. As such, during the party I wound up standing in the kitchen and 

leaning on a counter with Peter, a San Diego brewed beer in hand.

It was a self-consciously strange gathering. Edgar had invited a bunch of other 

sociologists in our first year cohort, and Peter had invited some of his friends from the 

bioinformatics program. At some point, when asked about what I was in graduate school 

to do, I explained that I was interested in observing everyday scientific work in a 

laboratory. Peter said, “Hey, I work in a lab like that! You should talk to my PI!” I 

enthusiastically agreed, but I did not expect his remark to lead to anything but more 

friendly conversation. To my surprise, soon after the party Peter sent me and his PI, 

Arthur, an introductory email. After that, I arranged to meet with Arthur in his office to 

see if we could figure out a topic of mutual interest.

Up until that point in the spring of 2013, I had attempted to figure out how to carry 

out an ethnography in the vein of classic laboratory studies. I had attempted to bend a 

few course papers in directions that would allow me to explore that literature with some 

mixed success and had been making a first attempt at an ethnography of a local startup 

incubator and biohackerspace. When I spoke with Peter about his lab and its members– 

graduate students, staff, and a PI– I saw an opportunity to either expand my 

ethnography or focus on a new field site.  The idea that the lab was made up of not 21

only biologists, but whatever combination of computer science and biology 

“bioinformatics” might be, further piqued my curiosity.

 It was a good thing that I did, as my time with the startup incubator expired that summer. I 21

did, however, produce an ethnographic film out of the footage that I had collected titled 
“Speaking About Biohackers.”
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This mixture of personnel and expertise was, at least partly, the result of Arthur’s 

supervision. His official posting was as a professor in UCSD’s department of Cellular 

and Molecular Medicine at UCSD, but he spent much of his time engaging not only with 

his direct colleagues but with a consortia of other biologists, both within the San Diego 

biotech community and within a larger group funded by the National Human Genome 

Research Institute (NHGRI). Arthur built his lab in a way that reflected his interests in 

RNA biology, particularly in the application of high-throughput genetic sequencing 

methods.  The WD Lab is located within the building for the Somerset Consortium for 22

Regenerative Medicine, which was built to facilitate work in human stem cell research. 

Most of the lab’s work, and the stipends of much of its workers, comes from a mixture of 

grants from the National Institutes of Health (NIH). The largest of these grants, during 

my period of ethnographic observation, came through the NHGRI as part of the 

ENCODE project.  The lab is sustained by, and responsive to, these connections, 23

many of which entail close working relationships with other University labs in the United 

States.

The building for the Somerset Consortium, itself, developed out of a mixture of 

philanthropic funding, local University and nonprofit partnerships, and funds acquired 

from the California Institute for Regenerative Medicine (CIRM). The material structure of 

the lab, in terms of glass, steel, drywall, and wood, is therefore in large part the result of 

 “High throughput methods” refers to the ability of a team of biologists, working through 22

properly executed experiments, to identify the genetic sequences of multiple biological 
samples in parallel.Through these methods, biologists can prepare, replicate, synthesize, and 
digitize large amounts of genomic material.

 Also known as the ENCyclopedia Of DNA Elements. I introduced the project and the NHGRI 23

in the previous chapter. This chapter will explore both more thoroughly in terms of their historic 
development and connection to the WD Lab.
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a direct public referendum from the people of the state of California, who authorized 

through Proposition 71 (2004) $3 billion to advance stem cell research. The construction 

of the consortium building required only a small amount of this total, to the tune of $43 

million, matched, in part, by $30 million from the philanthropist whose name is on the 

building. But the affiliated members of the Somerset Consortium (most of whom also 

hold positions as faculty at UCSD) have seen their relationship to CIRM and the 

consortium as holding more value than is encapsulated in the physical space of the 

building. As Walshok and Shragge (2013) have explored, UC San Diego faculty have 

used their relationship to CIRM to leverage further grants from both the National 

Institutes of Health (NIH) and the National Science Foundation (NSF). Benjamin (2013), 

has more thoroughly argued that the creation and continued operation of CIRM reflects 

tensions between public priorities around science and medicine in California and, more 

broadly, the United States. With this mind, we might consider how it is that local, state, 

and federal initiatives (particularly funding initiatives) provided a context for the 

existence of the WD Lab.

The Somerset Consortium is a large figure in this context, most obviously in that 

it provides the actual location and material architecture for the lab. That said, the 

Consortium preceded the construction of its building, and was organized following 

several decades of existing collaborations between biotech researchers in San Diego. 

Within the San Diego biotech community, these connections are sufficiently pervasive 

such that the Consortium’s website contains copy addressing a hypothetical questioner 

who asks why a specific building would be necessary when local researchers were 
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already able to engage in frequent collaboration. In reply, the public-facing “Frequently 

Asked Questions” page provides this justification:

Q: Given that the institutions routinely collaborate, why did this special 
consortium arrangement advance?

A: Prior to the opening of [Somerset Consortium] facility, collaborative 
efforts among stem cell scientists in San Diego were constrained due to 
the fact that there was no identified space for researchers to interact in a 
daily fashion. The consortium facility allows stem cell scientists to 
exchange ideas, equipment and expertise. Additionally, this formal 
collaboration is enhancing the ability of researchers to attract extramural 
funding from governmental agencies and foundations that might not 
otherwise be obtained.24

To my mind, several topics of interest are raised by this institutionally-voiced 

justification for its own existence. Firstly, and to echo David Byrne’s thoughts quoted at 

the beginning of this chapter, we might ask of the WD Lab, “how did it get here?” Many 

forces, with deep social and historical roots, sustain the lab’s existence. The quote from 

the Consortium’s imagined interlocutors glosses these forces, ranging from existing 

collaborations in San Diego; to an idea that there is something powerful in a “space for 

researchers to interact in a daily fashion,”; to a need for shared “ideas, equipment, and 

expertise”; and, finally, to the possibility of attracting further funds from both state and 

philanthropic institutions. As glosses  of the actions and forces that actually sustain the 25

ongoing social life of the Consortium and its member laboratories, these justifications 

 Website accessed 8/18/18.24

 I deploy this term in an ethnomethodological sense, in which a “gloss” is a post-hoc account 25

of situated action. Following Suchman, of course, such actions are, themselves, situated 
actions. For ethnomethodological ways of considering such public-facing discourse (although 
their examples usually concern state discourse), see Lynch, Barnouw, and Bogen (1996), 
Clayman and Heritage (2002), Chang and Mehan (2008), and Watson (2018).
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are incomplete and discursive. They are, nonetheless, revealing; I inquire, throughout 

this study, into what it is about interactions between laboratory inhabitants, their 

equipment, ideas, expertise, objects, phenomena, and work that makes the lab a 

particular social space. As part of that investigation, this chapter is about the historical 

roots of the profusion of governmental, military, academic, and private flows that built, 

and continue to build, laboratories in San Diego, and the WD Lab in particular.

These flows are not solely about material capital or interagency collaboration and 

communication. The history of molecular biology, particularly as situated within southern 

California, also involves accumulated imaginations, expectations, and backgrounds of 

how life can be studied in a place like the WD Lab. From the early arrival of T.H. Morgan 

and Alfred Sturtevant at CalTech and through the discovery of the structure of DNA and 

Crick’s “central dogma of molecular biology,”  a variety of scientists have increasingly 26

characterized biology as a field concerned with chemical interactions and intra-cellular 

movements of information. As Fujimura has argued, this has resulted in a contemporary 

field in which “molecular genetic sequence databases are fast becoming the basic 

informational resources in and with which biological knowledge is currently being 

collectively constructed.” (1999, 50) This chapter, then, is about the ways that biology 

has developed institutionally, materially, and discursively into the recognizable form of 

the WD Lab. 

 Originally stated by Crick in 1958, and re-stated in 1970, this “dogma” describes how 26

information can be transferred between nucleic acids like DNA and RNA and transmitted from 
RNA to proteins. The dynamics of this transmission are not bidirectional; information cannot 
easily flow back from proteins to nucleic acids. In the 1970 paper, Crick describes the central 
dogma as one of many assumptions he and his working group made while beginning their 
work on forward translation, that is, the molecular interactions that translate genotype to 
phenotype. He specifies that the dogma concerns the flow of sequence information between 
molecules and not a flow of matter. This is revealing of an approach that increasingly took the 
passage of information between intra-cellular molecules to be a core topic of biology.
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§ 2.1 Developing a University in La Jolla as a Public and Private Concern

Biotechnological work in the United States tends to cluster together 

geographically. This has been the subject of some sociological concern. For example, 

Owen-Smith and Powell (2004) deployed a mix of social network analysis and 

institutionalist theory to describe the effects of geographic proximity between biotech 

labs, firms, and schools. Elaborating (in part) on that earlier study, Whittington, Owen-

Smith, and Powell (2009) likewise investigated the relationship between location and 

discovery in knowledge industries, particularly biotech. While industries more closely 

identified with “knowledge work” may not benefit from local economies of scale in the 

same way as other industries, Whittington, Owen-Smith and Powell suggested that, 

amongst other factors, a concentration of highly skilled workers may have similar effects 

on industry clustering. The authors suggested that this relationship was complicated, 

however, by effects of global cooperation and competition. 

Casper (2007) took a similar approach to the emergence of biotechnical clusters, 

applying a social network analytic approach to San Diego in particular. He also focused 

on how a geographically concentrated labor force might impact industry clustering. 

Casper argued that intra-region labor mobility had resulted in a network between firms 

that grew more and more dense as managers shifted jobs and founded new spin-offs, 

all within the same community. Particularly important to the foundation of the cluster in 

San Diego, Casper noted, was the spread of labor outwards from one of the United 

State’s first biotech companies (or at least, one of the first that identified itself as such): 

Hybritech.
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In a dissertation written at UCSD, Jones (2005) more thoroughly explored how 

Hybritech was a company with watershed importance for San Diego. Hybritech was 

founded in 1978 and was acquired by the larger pharmaceutical company Eli Lilly in 

1985. Following its acquisition, affiliates and members of Hybritech founded over 50 

additional biotech companies between 1985 and 2005 (Jones, 2005). Hybritech, and its 

rhizomatic spread into San Diego’s biotech cluster, serves as a case study in civic, 

academic, and industrial imaginaries and partnerships. As regional economic planners 

attached to local city governments attempted to transition from an economy based in 

tourism, military contracts, and aerospace in particular, investment in biotech came to 

be seen as a matter of economic and public policy. From a historical perspective, the 

growth of Hybritech as well as similar University-Industry spinoffs such as Qualcomm 

and Illumina are also inseparable from changes in the national, state, and regional 

economies at the end of the 1980s and beginning of the 1990s. With the decline of the 

cold war expected to result in different federal funding priorities, regional city planners, 

bureaucrats, and politicians were anxious to locate a different, long term, and hopefully 

growing economic sector for San Diego county.

But before Hybritech, Illumina and all the rest, UCSD began with a relationship 

with General Dynamics. The University has, for its entire history, had a relationship with 

corporations that attract both public and private funding. UCSD itself was partially 

founded in through the the efforts of a mixture of corporate, military, and industrial 

interests following the second World War. This relationship has continued throughout 

the development of the University. As a demonstrative example, UCSD has, for its entire 

history, maintained an active collaboration with General Atomics. Originally a division of 
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General Dynamics, General Atomics is an aerospace and naval technologies company 

that was established during the postwar period. Founded in 1955, General Atomics 

moved its headquarters to Torrey Pines in 1959, where, surviving a series of sales, 

mergers, and acquisitions, it continues to be located. Today, its offices sit a short walk 

from the northern edge of campus. This is no accident, given the active involvement that 

the company and its founder, John Jay Hopkins, had in the process of funding the then-

new university to be built on the mesa north and east of the Scripps Institution of 

Oceanography (SIO).

When UCSD  was being planned and authorized, Roger Revelle  had in mind 27 28

an institution that would focus on research rather than teaching or undergraduate 

education. This concept for the new university was materially supported by Hopkins, 

who pledged a million dollars for such an institution. The two were both similarly 

interested in bringing a university that would focus on research in the natural sciences 

to San Diego, whether for academic purposes or as a possible way to grow a labor 

force for General Atomics. As much as Revelle would claim the mantle of UCSD’s 

strongest campaigner, Hopkins began his efforts to establish a university in San Diego 

almost immediately after he founded General Atomics. Establishing the company had 

already placed Hopkins in close contact with the city council, which furnished land on 

which General Atomics could build its headquarters. In 1955, Hopkins described at a 

city council hearing the need for a university based on his company’s recruitment 

 At the time, UCSD was referred to as the La Jolla campus of the University of California. In 27

planning documents and in the public press, it was then called UCLJ, then gradually renamed 
The University of California's School of Science and Engineering, La Jolla before being finally 
renamed, as a concession to the city, the University of California, San Diego.

 At the time, Revelle was the director of the Scripps Institution of Oceanography, which was 28

already included in the University of California system and had been since 1912.
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needs, saying that the San Diego division of General Dynamics “has been laboring for a 

number of years under a serious handicap in our recruitment of engineers because we 

could not offer our engineers the opportunity of furthering their eduction by taking 

graduate work in their field.” (The San Diego Union, 10/19/1955). He further wrote the 

president of the University of California to encourage such the development of such a 

university. 

Hopkins, with some complications along the way, would get his wish. At the 

University of California’s School of Science and Engineering, La Jolla, relationships with 

industry and with General Dynamics were placed front and center amongst the first 

seminars offered by its physics department. For example, a press release on 9/15/1960 

from the University advertised “two graduate courses this semester at hours convenient 

to students employed in industry.” The courses were said to be scheduled with industry 

in mind. In addition to the courses offered by University faculty, an additional course on 

physical metallurgy, offered in cooperation with University Extension, was taught by a 

physicist employed by General Atomics (UCSD University Archives 1960).

The idea of a graduate and faculty research facility struck the University of 

California regents as an ideal way to, as they saw it, expand SIO into a larger university 

campus. The then-president of the University of California, Robert Gordon Sproul, 

encouraged the expansion of the La Jolla campus both to the UC Regents and to the 

city of San Diego in May 1956.  A release describing the UC Regents’ vote to expand 29

the La Jolla campus took place later in the summer. In an August 1956 press release, 

as part of the arguments for the expansion Sproul said that it, “should be along lines of 

 This is described in press releases contained in UCSD’s University Archives, 1956a and 29

1956b. 
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natural growth in mathematics, physics, chemistry and the earth and biological 

sciences.” (UCSD University Archives 1956c)

But the idea of a research focused institution was at some odds with the San 

Diego city council, whose offer of free land for the construction of campus was 

contingent on undergraduate programs (Veltman 2003). It was at odds, as well, with the 

academic senate of the University of California, who considered Revelle’s idea of a 

research focused institution that privileged faculty and graduate students to be “narrow 

yet extravagant.” (Rainger 2001, 349) Academic senate members who had endured a 

battle over a mandatory loyalty oath for all UC employees, which had been adopted by 

the UC Regents in 1949 and overturned in 1952, were wary of ideas that separated 

research from pedagogy. 

A proposal that first approved a graduate program in science and technology with 

undergraduate programs only in the same narrow range of subjects was eventually 

approved, and then, following the construction and establishment of the University, 

expanded upon. Even so, the initial funding for construction on the new campus was 

almost exclusively budgeted for the construction of new research and administrative 

structures. In a release detailing the UC Regents’ capital campaign in 1957, over two 

million dollars were allocated to SIO and the first buildings of the expanded La Jolla 

campus. In contrast, none of the money was earmarked for undergraduate instruction or 

the construction of residence halls (although $50,600 was earmarked for a new training 

pool for divers at SIO) (UCSD University Archives 1957).

The amount of money to be spent on new University buildings, as well as 

concerns and interests over developments in the area between La Jolla and the Torrey 
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Pines Mesa, aroused mixed reactions from the locals. Some residents of La Jolla were 

concerned that prime beachfront property was being given, tax-free, to student housing 

and objected to the University plan and further construction at SIO.  Other residents of 30

San Diego, particularly real estate developers and the city Chamber of Commerce, 

salivated over the amount of money to be spent on the planned community of University 

City. In an article announcing the dedication of that community, property developers 

proudly discussed how a million dollars had already been spent extending utilities, 

landscaping the mesa and surrounding canyons, and constructing a few handfuls of 

model homes (The San Diego Union, 8/28/1960). The chairman of the Chamber of 

Commerce reportedly called the planned university campus, as well as its surrounding 

area, “the single most important factor in the future economic development of our 

community.” (The San Diego Union, 1/15/1960) These reactions were hardly impartial; 

the chairman was also the vice president of Convair, the local, aerospace-focused 

subsidiary of General Dynamics.

All of this set the stage for a University designed for private research 

partnerships and also one deeply entrenched in local politics and planning, particularly 

in anticipation of its local economic impact. This was set up at the end of the 1950s and 

start of the 1960s, in which the federal government increasingly institutionalized funding 

for the natural sciences. This built on the development of federally funded and run 

laboratories such as Los Alamos and Argonne National Laboratory, both of which 

 For example, in the May 27, 1960 edition of the San Diego Union, Rear Admiral David B. 30

Coleman (then retired) opposed the acquisition of land for a residential zoned building at SIO. 
He did so on the grounds that, “considering the possibility of tidal waves, earthquakes and 
possible enemy attack, Scripps Institution should not put all its eggs in one basket.” He also 
rhetorically asked, “Why should students get the choice land of the community before finishing 
college… at the expense of the taxpayers?”
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marked a deep cultural and material shift in the relationship between the federal 

government and intellectual life (Thorpe 2006). The establishment of Lawrence 

Livermore National Laboratory in 1952  was partly a consequence of Edward Teller’s 31

desire to pursue more rapid research on weaponized nuclear power. As such 

development was opposed by Oppenheimer and others at Los Alamos, it is perhaps 

unsurprising that Teller, together with Ernest Lawrence, would establish a laboratory to 

pursue such research elsewhere. The University of California was, together with the 

federal government, happy to oblige. This, in turn, would set an example for the 

migration of other physicists and natural scientists to the University in the postwar era.

While federal dollars flowed fairly directly to Livermore, only slightly mediated by 

the University of California, such money was provided more indirectly to the UCSD. In 

addition to its partnerships with General Dynamics and other military contractors, the 

University was able to acquire much of the land on which to build the campus from the 

United States military. Partly as the result of pressure from the United States Congress, 

and partly due to the efforts of the University and its local representatives, the United 

Staes Marine Corps sold the site of Camp Matthews (located just northeast of SIO) to 

the University of California. Camp Matthews only completely closed in 1964 (UCSD 

 It was known at the time as the University of California Radiation Laboratory at Livermore 31

and renamed in 1971. Lawrence Livermore Laboratory has recently (in 2007) become more 
formally privatized, with the UC Regents now participating only as partners in the laboratory, 
operated by Lawrence Livermore National Security LLC.
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University Archives 1964), the same year the first undergraduate class entered at 

UCSD.32

To this historical foreshadowing of the relationships that I was to encounter upon 

my arrival in San Diego in 2012, I only wish to emphasize one further arrangement: the 

establishment of Jonas Salk’s institute. Salk, enjoying enormous popularity following the 

development of the polio vaccine and his accompanying philanthropic efforts in its 

distribution, began publicly speaking with Revelle, the city council of San Diego, and the 

University of California just as a transfer of land between the city and the UC Regents 

was being conducted. This led to some slight conflict over where the Salk Institute 

would be located within University City. Where city officials suggested that the Salk 

Institute be located on land just south of the Torrey Pines golf course and nearby the La 

Jolla gliderport, Revelle argued that the parcel, with its direct coastal access, was more 

important for the university. The city planning office denied that such land had been 

included in the initial plan for the university’s construction. The office instead claimed 

that “the master plan shows that area held in reserve for developments compatible with 

the university community,” and that “The Salk proposal fits that description.” (San Diego 

Union, 3/12/1960)

The council swiftly passed a ballot measure that furnished Salk with the land on 

which to build his institute. The same measure more clearly outlined which land was to 

be held as part of the reserve near the university, with provisions that the city would 

 There are few surviving buildings from Camp Matthews at UCSD. One of the few 32

undergraduate run spaces on campus, the Ché Café, maintains such a historic structure. As a 
former marksmanship training facility for the United States Marine Corps, one might say that 
the inhabitants of UCSD might unexpectedly find themselves to be living in a shotgun shack. In 
another sense, the University’s early, semi-permanent structures have some qualities in 
common with a style of small housing common to the American South in in the era following 
reconstruction.
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retain the gliderport at the top of the cliffs just to the west of the university (San Diego 

Union, 3/16/1960). This upheld the city’s interest in preserving what it regarded as a 

valuable tourist destination as well as Revelle’s interest in retaining beach access for 

students, although that access now included a longer walk from campus (and a short 

hike down said cliffs).

Between General Dynamics and other military-industrial interests, the city of San 

Diego’s desire for economic and real estate development, the University of California 

and SIO’s interest in expanding the University system, and Salk’s nonprofit research 

institution, the stage was set for a complex of intersecting partnerships on the mesa. 

Future dynamics of civic-industrial-nonprofit-academic  partnerships would change 33

along with the directives of the University of California; federal guidelines for scientific 

funding and intellectual property ownership; the continuation and then burnout of the 

cold war; and shifting civic imaginaries of the role of knowledge work in economic 

development.

§ 2.2. Wartime and Postwar Scientific Administration and Funding

The University and its laboratories have expanded through the dispensation and 

use of federal and state grant money as well as the entailed complications of intellectual 

 As this extended hyphenation indicates, these distinctions are not exactly neat ones. For 33

example, the University of California (like many academic institutions) is a nonprofit institution. 
UC has preserved this status from the original designation made by the Internal Revenue Act of 
1938, through the reorganization of the code in 1954, and through its further reorganization in 
1982. This designation remains active (University of California Systemwide Administration 
Memo, 12/2/1983). The continuity of this designation is bureaucratically important (as indicated 
by the memo), but it also signals a legal distinction between public and private. As such, it 
entails certain relationships between the University, capital and profit. The University and 
federal government have developed mechanisms over the course of decades that secure its 
share in the royalties generated from inventions that its employees create with university, state, 
and federal resources. However, this revenue is considered to be part of the institutional and 
state budget rather than “profit,” at least in this legalistic sense. 
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property ownership and royalties. The second world war had led to a reconfiguration of 

how the federal government funded scientists and considered the ownership of 

intellectual property. This was emphasized not only with the aforementioned 

development of national laboratories, but also with the establishment, in 1940, of the 

National Defense Research Committee (NDRC) and the appointment of Vannevar Bush 

as its director. In 1942, Roosevelt and the US Congress placed the NDRC under the 

Office of Scientific Research and Development (OSRD), moving Bush up to the its head 

in the process.

The flow of cash from such national committees and offices, together with military 

initiatives like the Office of Naval Research (ONR), was immensely attractive to the 

University of California. The University’s federal income jumped from approximately $1 

million to over $26 million between 1942 and 1945. But with the postwar de-mobilization 

(or, at least, with its transformation into the cold war), the University system was faced 

with a resulting reduction in funds. The financial vulnerability of universities throughout 

the United States in this period was accompanied by anxieties in higher education 

regarding the closer relationships that had been established between academia, the 

government, and the military. Powerful figures in academia, including Harvard University 

President James Conant (who, during the war, had led the NDRC after it was absorbed 

by the OSRD) and Raymond Birge, then the chair of Berkeley’s physics department, 

both warned against dependency on defense spending (Anderson, 1993). UC president 

Sproul and the board of regents, however, decided to continue to aggressively pursue 

funds from the OSRD and ONR, as did most other major universities. This established a 

postwar, peacetime (at least, in a relative sense) pipeline for the transfer of capital 
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between the federal government and universities. This, in turn, was to become a model 

relationship for the foundation of the NSF and NIH in the early 1950s.

The relationships established between academic scientists, administrators, and 

bureaucrats that had been formed during the war would persist and shape those 

collaborations. Bush was a figurehead of these transforming relationships following the 

dissolution of the OSRD in 1947. In his 1945 report to the president titled Science: The 

Endless Frontier, Bush pressed the argument for the continued state funding of science. 

He linked this to a variety of American imaginaries and values, most obviously in the 

way that he likened continued scientific development as the continual development of a 

frontier. Frontiers, according to Bush, were rapidly disappearing perhaps in view of an 

increasingly globally connected postwar world. Yet science could be imagined as a new 

territory to discover. This idealized image of discovery could then be mobilized as a 

civic, public interest, with the government responsible for opening a frontier that could 

then be developed by its citizens.

In our contemporary moment, the metaphor upon which Bush’s argument rests 

can be understood as an imagined relationship between the state, its citizens, and 

science. This political rhetoric is implicit in the rhetoric Bush mobilized, as when he 

wrote that “It is in keeping with the American tradition– one which has made the United 

States great– that new frontiers shall be made accessible for development by all 

American citizens.” (Bush 1960, 11) The image of the frontier carries with it figurings of 

particular relationships: the state, on this view, is positioned as being responsible for the 

opening up of frontiers for use by its citizens. In this relationship “the frontier” also 

retains its meaning as an undeveloped territory that the state must make accessible. In 
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light of the history of settler colonialism encouraged by the American government and 

other associated capitalist states (Veracini 2010, Mamdani 2015), we might consider 

how Bush invoked American exceptionalism in support of state funding for science. As 

with Benjamin’s (2013) study of state funding initiatives in 21st century California, we 

might consider which publics were being enrolled in the early development of national 

funding initiatives in the first half of the twentieth century.

Bush’s distinction between basic and applied science was based more on a 

distinction between academic and industrial laboratories than it was on public and 

private interests, even if those categories often overlay their respective partners. These 

categories are not neatly divided, according to Bush, as applied science is often the aim 

of government agencies. He argued, however, that there was a kind of supportive 

directionality to the relationship between basic and applied science, namely the now-

familiar idea that basic science provides an infrastructure for the application of its 

findings. Because of this directionality, Bush contented that it ought to be members 

academic laboratories who directed research rather than funding agencies. The frontier 

metaphor played a part in this component of Bush’s argument, as well: if it is academic 

scientists who venture out into the horizon, then they might be better positioned to 

understand what is possible. If those scientists were instead directed to a particular 

goal, then they would still be operating within firmer boundaries of what was already 

known and imagined.  

Yet this image of academic self-determination was hardly exemplified by the 

successful transfer of funding authority between the OSRD and the ONR. That transfer 

seemed instead to establish a continuity between militarized offices and, through them, 
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state and military authority over scientific research. Bush, despite the rhetoric of 

Science: The Endless Frontier, would continue to participate in this relationship by 

becoming the head of the Joint Research and Development Board of the Army and 

Navy. Reorganized under the National Security Act of 1947, this office would become 

the Research and Development Board (RDB). Bush only held this post for a year, 

continued to serve on the president’s scientific research board and other committees 

afterwards. Although Bush had been a visible proponent of a more civilian scientific 

state funding agency, when Truman finally signed a bill authorizing the formation of the 

NSF in 1950  the first director was not Bush but another former ONR scientist, Alan 34

Waterman.

While Bush publicly pushed for the formation of an agency like the NSF in the 

immediate postwar environment, legislative efforts to form such an organization had 

preceded wartime reorganizations of academic and industrial scientists. Congress had 

longstanding concerns about the concentration of industrial scientists in a small handful 

of firms, and the war effort furthered this concentration. By the late 1930s and early 

1940s, most industrial firms that received government funding were awarded the patent 

rights for any technologies created, in part, as a result of that funding (Kevles, 1977). 

This aroused concern in Congress, particularly from Harley M. Kilgore, a senator from 

West Virginia. Kilgore, a New Deal democrat, was wary of the ways that industrialists 

were able concentrate intellectual property after benefiting from government subsidies. 

In the face of this, Kilgore wrote several bills that attempted to establish a science 

 Truman had previously exercised a pocket veto of a bill that would have established the NSF 34

in 1947. He justified this by arguing that such an agency would not have made its 
administrators sufficiently accountable to either congress or the executive branch (Zachary 
1997, 332). 
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administrator within the executive branch. Such an administrator would emphasize 

applied research and concentrate patents in the hands of the federal government rather 

than industrial laboratories.

Kilgore’s first legislative attempt, the “Technology Mobilization Act” of 1942, did 

not pass. Neither did its revision in 1943. This was despite the backing of a range of 

people involved in both research and policy, including the Assistant Attorney General, 

Thurman Arnold; Waldemaer Kaempffert, then science editor for the New York Times 

and, from 1928 to 1931, the director of Chicago’s Museum of Science and Industry; and 

physicist and congressional staffer Herbert Schimmel. Kilgore’s attempt to nationalize 

technological funding and any resulting patents was met with opposition from Bush, 

together with army and navy officers, as well as industrialists (Kevles, 1977). Part of the 

successful opposition to Kilgore’s initial and revised bills may have been the result not 

only of its proposed consolidation of patent rights to an office in the federal government 

but also its focus on applied science (Zachary 1997). In place of Kilgore’s bills, a bill 

from Washington state senator Warren Magnuson that also advocated for the formation 

of a centralized office of scientific and technological development but with a more 

traditional approach to private patent rights was seen as more favorable. This led to a 

combined bill that passed in the senate but not in the house in 1946, and then the 1947 

bill that would have established a national science foundation were it not for Truman’s 

pocket veto. When the NSF was established in 1950, Bush’s less radical and populist 

(and, in some ways, more militarily-inflected) vision was largely credited over the 

legislative efforts of Kilgore and Magnuson.
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Just as the NSF was formed out of the circumstances of the depression and New 

Deal politics (not to mention the somewhat monopolistic scientific situation that 

preceded those politics and the second world war), so too were the National Institutes of 

Health. Prior to its establishment in 1930, the (then sole) National Institute of Health was 

described as a laboratory, namely the Laboratory of Hygiene. This bacteriological 

laboratory, formed under Surgeon General John B. Hamilton in New York in 1888, was 

unusual for its time. There were few other government laboratories at the time (a 

situation that would persist until the second world war), although the era at the turn of 

the 19th and 20th century saw the establishment of similar laboratories in the shape of 

the Public Health Library of the New York City Health Department (in 1892) and the 

medical department at Johns Hopkins (in 1905). Such laboratories were often founded 

on models pioneered by French or German émigrés, or physicians who had studied 

overseas amidst the laboratories pioneered by Louis Pasteur or Robert Koch. Pasteur’s 

institute (founded in 1886 and opened in 1888) was considered notable at the time for 

its independence from government institutions.  Koch’s laboratory (founded in 1879), 35

on the other hand, might have been considered notable precisely because of its explicit 

institutional attachment to the German Imperial Health office (Rosen 1965). The 

Laboratory of Hygiene was recognized by the British medical press to be based off of 

Koch’s laboratory, at least in terms of the apparatus and methods used, but it was also 

notable as a laboratory established by the United States Government (The British 

Medical Journal, 1889).

 As discussed by Latour (1993), this image of Pasteur’s laboratory was based on direct 35

government patronage. Pasteur mobilized a variety of actants to spread his ideas, including 
national and provincial French governments.
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The Laboratory of Hygiene itself was not formed simply out of a reaction to the 

contemporary efforts of European scientists. This is evident in the location and 

circumstances of its establishment. The Laboratory initially existed as a single room of 

the Marine Hospital Service in Staten Island, NY. This location is important, as the 

Marine Hospital Service might be thought of as the first health initiative of the United 

States government. The roots of the service go back to 1798, when President John 

Adams signed into law an act of the 5th United States congress that created a tax on 

seaman’s wages in order to establish a system of hospitals. Its institutional history 

continues today as a branch of the cabinet: in 1912, The Marine Hospital Service was 

reorganized into the Public Health Service in 1912, under the Department of the 

Treasury. It was again reorganized into its own department, the United States 

Department of Health, Education, and Welfare in 1953. It was last reorganized into the 

Department of Health and Human Services in 1979-1980 when the Department of 

Education was created as a separate branch of the cabinet.

The physical, practicing space of the Laboratory of Hygiene continued to be 

operate from within the Marine Hospital Service before moving to Washington D.C. in 

1981. Initially, and as a consequence of the move, it expanded its footprint to the first 

floor of a mansion. In 1904, the U.S. Congress authorized $35,000 to build a laboratory 

building (Kramer 1937, 16). When the Marine Hospital Service was reorganized into the 

Public Health Service, the Laboratory transitioned and grew with it. Throughout its 

movements, until being re-designated as the NIH in 1930, it continued to be one of a 

handful of government run laboratories, and likely the only federal laboratory with a 

bacteriological focus.
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While the re-designation of the Laboratory of Hygiene into the National Institute 

of Health in 1930 preceded Roosevelt’s election, it was made in the context of public 

pressures surrounding health issues in the midst of the great depression. The 

designation of the laboratory as the National Institute of Health came with massively 

increased funding, including $750,000 for the construction of new buildings. This is 

remarkable not only because it was unusual for the federal government to directly fund 

laboratories,  but because of the size of the expenditure eight months into the 36

depression. It may be that this enlarged expenditure was another attempt by the Hoover 

administration to encourage infrastructural projects (like the Hoover Dam), but it was 

also a mark of public pressures related to health.  The depression posed serious 37

difficulties for the statisticians of the Public Health Service as, paradoxically, it appeared 

that fewer people were drawing on industrial sickness funds (a precursor to health 

insurance). This was an artifact of focusing on employed Americans. As more people 

became simultaneously unemployed and in poor health, and therefore unable to use the 

 In a report written in 1937, Victor Kramer, a student at Harvard University whose father had 36

previously worked at the Laboratory of Hygiene, described the NIH as one of few government 
offices “whose major function is to research scientific problems.” (Kramer 1937, 11) While he 
included the Bureau of Standards as a possible exception, Kramer neglected to mention the 
research efforts of the US Department of Agriculture. The history of the research efforts of the 
USDA was intertwined with the successful efforts of land grant colleges (this same point was 
recognized by Bush in Science: The Endless Frontier). A.C. True, an older contemporary of 
Kramer and longterm employee of the USDA, wrote detailed histories of both Agricultural 
Education and Agricultural Extension Work in the United States (True, 1928), with a period that 
ranged from 1785 to the 1920s. For historiography written in a more familiar mode, Rosenberg 
considered how American agricultural research, particularly in the form that was conducted at 
agricultural experiment stations, operated as an interface between governmental, academic, 
and agricultural publics (1971, 1977).

 While the creation of a federally-backed health service may seem like the hallmark of the 37

midterm elections of 1930 that swept a Democratic congress into power, it was actually 
Hoover’s congress that passed the 1930 act. It was passed in May and sponsored by 
Louisiana Democrat Joseph Ransdell, who was defeated in a primary months later.
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benefits that would have come with employment, it became more and more difficult to 

keep track of them (Murray 2007). 

Public health became a furiously important issue as the depression continued to 

worsen, and state and local governments found themselves increasingly unable to fund 

public health initiatives. Medical clinics and hospitals, as well as privately practicing 

doctors, became increasingly unable to finance or charitably donate services to the 

growing number of people who were unable to pay. Health care re-emerged as a fierce 

political issue, resulting in new discussions of government backed health care and, 

eventually, the health provisions of the 1935 Social Security Act (Sledge 2017).38

In the midst of this, the NIH (at least as told in the internalist history written by 

Kramer) still attempted to maintain a sort of scientific independence. As of the 1930s, 

the National Institute of Health held an expanded purview as a federal organization, but 

it still maintained an in-house focus on research and funding. As of a congressional 

directive from 1902, this was directed by a board consisting of the Surgeon General, 

three experts from the Army, Navy, and the Bureau of Animal Industry, and five other 

non-governmental employees who were supposed to be both skilled in laboratory work 

 Beyond the confines of the new NIH building, the Public Health Service tragically began 38

conducting the Tuskegee untreated syphilis study amongst African American men in 1932, 
which it would continue until 1972. The study famously ended in scandal after whistleblower 
Peter Buxtun leaked details of the study to the Washington Star newspaper. The day after the 
Star broke the story (7/25/1972), it became front page news in the New York Times. 
Congressional hearings followed, as well as the formation of committees by PHS and the 
Centers for Disease Control that were tasked with the investigation, and then closure, of the 
study. While NIH involvement in the study seems to have been largely indirect, some archival 
material (including a 1940 memo simply titled “Autopsies”) indicates that, “upon the death and 
post mortem examination of a patient included in the study, Tuskegee will send an autopsy 
report” to several offices in Washington, D.C. Included amongst them is an office in the 
Division of Pathology at the NIH. Also included in the memo is the possibility of sending 
autopsy specimens directly to the Institute (Autopsies, 1940). I include this not only for the 
ongoing importance of the study as an ethical case, but also to illustrate state involvement in 
medical research beyond that of the immediate institutions under discussion. State power 
radiates, even while the state may be slow to take responsibility for its influence.
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and public health (Kramer 1937, 19). Kramer placed a great deal of emphasis on Dr. 

George McCoy, the director of the Laboratory of Hygiene from 1917 through its re-

designation as the National Institute of Health and until 1937, particularly in the 

unspoken institutional arrangement in which McCoy reported directly to the Surgeon 

General rather than through more official channels.

McCoy, according to Kramer, was an early and frequent advocate of the idea that 

the Laboratory of Hygiene (and, later, the NIH) should be given the funds and allowed 

the authority to promote and license medical research done in industrial and academic 

laboratories. In part, this was connected to the Laboratory of Hygeine’s initial interest 

(following Koch, Pasteur, and Roux) in bacteriology and virology.  This was a major 39

feature in the legal institutionalization of the NIH. Several sections of the 1930 act that 

established the Institute concerned its ability to accept money from donors, appoint 

fellows, and make expenditures (S. 1171, 1930). 

Of course, the legislative desire for this alteration to the Public Health Service did 

not come solely from members of the Laboratory, or from members of congress. At the 

senate hearings conducted before the act was passed, its provisions (particularly those 

pertaining to funding) were presented by Charles Herty, a chemist formerly of the 

University of Chapel Hill and, at the time of the establishment of the NIH, a lobbyist and 

consultant for, amongst other institutions the Chemical Foundation. The Chemical 

 The initial work of the laboratory, in keeping with its establishment within the Marine Hospital 39

Service, was an investigation of cholera. It was hoped that, by using methods similar to those 
Koch had developed, a antiserum could be developed. It was somewhat sensational that the 
methods of the laboratory, under the supervision of its first director Dr. Joseph Kinyoun (who 
was also, for a brief moment, its sole employee) were able to isolate the cholera organism. 
After further study at the Pasteur institute with Émile Roux, Kinyoun and the lab went on to 
focus on developing and disseminating a treatment for diphtheria, which would have been one 
of the largest public health campaigns in the United States at the time (Winkelstein 2007).
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Foundation itself already had a complicated history with the federal government, as it 

was founded in the wake of World War I when the United States Government’s seized 

many German chemical patents. Herty, who had been the president of the American 

Chemical Society during the first world war, became a fierce advocate for industry. 

Together with lawyer Francis Patrick Garvan, Herty came to work with The Chemical 

Foundation after it was established by President Woodrow Wilson in 1919.

Even as a nonprofit corporation, members of the federal government and 

industrialists considered the Chemical Foundation to be controversial. This was due to 

the seizure of patents by the United States Office of Alien Property and the foundation’s 

sale of those patents. This relationship resulted in some public controversy, including a 

four year court battle between 1923 and 1926. The case was serious, with charges that 

included conspiracy between American chemical manufacturers and the United States 

government. The case was also notable because it concerned both material capital and 

the relationship between skilled scientific labor and its documentation. Within the court 

case, a sticking point involved the issue of the incompleteness of patents and the 

importance of “know how,” which we might recognize as tacit knowledge. In a dramatic 

finale, this involved the reconstruction of experiments as they were described within a 

sample of the patents Steen (2001). That reconstruction was intended to get to the 

heart of how patents relate to the work of industrial science, and hence to their value. 

That valuation was central to the case as it was charged that the Chemical Company 

was selling patent rights for far below market value, which was anathema to the 

republican administrations of Harding and Coolidge.
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When Herty testified before the United States Senate in 1929, advocating for the 

foundation of the NIH, he did so in his role as an adviser for the Chemical Foundation 

(United States Congress, 1928). Through his work with the foundation, Herty had 

experience as an intermediary between the United States government and industry 

concerning intellectual property and royalties. He brought this experience to arguments 

in support of the establishment of the NIH as an organization that could award and 

disburse grants. While the Laboratory of Hygiene may have developed as a public 

health organization (before there was such a thing, in name), it did not initially face 

concerns about government patronage of industry or intellectual property ownership. By 

contrast, both the NSF and NIH would be swiftly, and purposefully, entangled in such 

relationships in the years after they were established.

Unsurprisingly, the NIH expanded as New Deal policies continued to come into 

effect, and then grew further with wartime offices that expanded federal support for (and 

control over) scientific initiatives. In the late 1930s, from a single National Institute of 

Health, it became the National Institutes of Health. The first addition was the National 

Cancer Institute (NCI) in 1937, and then, in 1948, the National Institute of Allergy and 

Infectious Diseases, the National Institute of Dental and Craniofacial Research, and the 

National Heart, Lung, and Blood Institute. By then, much of the focus of the NIH had 

shifted from its own laboratories and to the support of external research, which came to 

form the plurality of expenditures for the organization. For example, in a pamphlet 

published in 1947 titled “The U.S. Fights Cancer,” a figure depicts a breakdown of funds 

to be disbursed from the 1948 appropriations for the National Cancer Institute. Out of 

$14 million, the graphic depicts $2 million for research within the institute, $500,000 for 
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research fellowships, $6 million for external research grants, $1.25 to training grants to 

medical schools, $4 million for national and state control, and $250,000 for medical 

traineeships (figure 2-1). The pamphlet authors describe this distribution of funding as a 

massive shift in the working budget for the center, which began disbursing grants in 

1938. In the intervening decade, the National Cancer Institute had disbursed a total of 

$1,809,856. In comparison, with the expansion of the NIH in the late 1940s, more than 

three times that amount was to be expended in a single year. 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Figure 2-1: A graphic illustrating the planned disbursement of funds from the NCI in 
1948. From the pamphlet, “The U.S. Fights Cancer.” (U.S. National Institutes of Health, 

1947)

With a variety of different federal funding streams for academic research, 

organizations like the University of California were increasingly interested in positioning 

themselves as research institutions. As noted above, the University actively pursued 

federal dollars, largely through military offices, throughout the 1940s. Although some of 

those offices transformed in the postwar environment, they did not simply become 
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civilian funding organizations. Rather, military offices continued to fund academic 

endeavors and industrial laboratories together with new institutions like the NSF and an 

NIH system with a drastically increased budget. In the postwar environment in which 

UCSD was founded, there was a richer state funding environment for science and 

medicine than at any previous point in the United States. 

§ 2.3 A Foundational Funding Environment in San Diego

The precursors of San Diego’s relationships with federal funding agencies and 

offices been set long before General Dynamics came to town and Roger Revelle 

convinced the University of California to expand SIO into a full campus. While the 

founding of a University may seem to be an academic endeavor, in the United States, 

particularly in the 1950s, such endeavors were made up of relationships between 

academics, industrialists, federal, state, and local governments, and nonprofits. The 

boundaries between those institutions are not fixed. I have spent the last pages 

describing the historical development of the federal funding agencies most familiar to 

the WD Lab because that lab is situated within UCSD, and UCSD was built as an 

institution that would pursue state and military funding. Those looking for a “pure” 

science should look elsewhere: for the start, the question facing many of UCSD’s 

scientists was not whether to accept state funding, but how to make the most of it.

This does not turn on the choices of individual scientists or their laboratories. 

Laboratories within American universities are largely dependent on governmental and 

philanthropic funding. The flow of grant money from the state has led to a variety of 
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complications, not only in the aims of university researchers, but also in the possibilities 

for the local use of federal funds. Throughout the wartime period of the 1940s and the 

emerging, militarized peacetime of the 1950s and 1960s American universities and their 

affiliated scientific institutions became acquainted with new forms of negotiation with 

state and private institutions.

Prior to UCSD’s founding, Revelle and Hopkins both managed to navigate the 

initial peacetime transitions from full participation with the US military, particularly the 

Navy, with a great deal of success. Navy funding was key for SIO and Revelle in the 

immediate aftermath of the second World War and its transition into the Cold War. 

During the second world war, the Navy became increasingly invested in scientific 

predictions of currents, the development of sonar, and continued weaponization of 

submarines. Oceanographers and earth scientists were enrolled in the Navy’s efforts to 

continue developing its technological capabilities. The oceanographers at SIO engaged 

in numerous collaborations with the Navy, which in turn provided funding, equipment, 

and ships. This led to a variety of developments in science and technology as well as 

their related sociotechnical institutionalization. At SIO, these developments impacted 

gendered work in oceanography (Oreskes 2000); understandings of the relationship 

between “basic” science and technological research (Hamblin 2002); deep sea 

submersibles, seafloor mapping, and benthic ecology (Oreskes 2003); and the 

continued maintenance of scientists as a force of reserve labor and ideology (Mukerji 

1989). 

Oceanographers at SIO (and elsewhere) maintained their connections with the 

ONR and adjusted them to the cold war context. In attempts to develop submersibles 
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capable of reaching the sea floor, oceanographers argued for the utility of ocean floor 

mapping; the possibility of submarine recovery (especially nuclear submarines that may 

have, within a conflict, sunk below operational levels); and the importance of being able 

to access and maintain seafloor communication cables (Oreskes 2003). Such practical 

concerns with topics intersecting with military command and control technologies 

impacted not only oceanographic research but also the development of the earth 

sciences, which found increased funding for, amongst other topics, studies of arctic 

ecology, climate, and geophysics (Doel 2003). Explorations of the arctic, from the sea 

under the ice, to permafrost and air currents were germane not only to the emerging 

fields of earth and climate science, but to every branch of the military. As oceanographic 

science acquired military sponsorship in the cold war, so did the earth scientists in the 

arctic. Both concerned points of contact with the Soviet Union that were less known to 

the American government and military. 

The biologists of the SIO, the Salk Institute, and UCSD would likewise continue 

to adapt to new sources of funds in the 1960s and beyond, particularly those from the 

NIH and the NSF, but also from philanthropic organizations like the American Cancer 

Society. But first, molecular biology would need to establish a foothold in southern 

California and, indeed, as a field in its own right. The forms that structural chemistry and 

molecular biology took in early 20th century Southern California were transformative, 

beginning with developments at the California Institute of Technology (Caltech) in 

Pasadena, CA. With the international growth of biochemical methods used to 

investigate the structures of proteins beginning in the 1930s and with the discovery of 

the structure of DNA in the early 1950s, experimental and structural biology increasingly 
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became molecular biology. UCSD’s embrace of molecular biology, and later biotechnical 

industry, would continue to propel the growth of its division of biological sciences, 

including the eventual establishment of the Somerset Consortium and the WD Lab.

§ 2.4 Toward Molecular Biology in Southern California

In the United States, laboratory genetics owed much of its development to the 

initial training of biologists involved in T.H. Morgan’s laboratories in the early 20th 

century. Morgan’s lab was initially established at Columbia University in New York, NY 

before it was moved to Caltech in 1928. Just as important as Morgan, his colleagues, 

and his students was the breeding, stabilization, and dissemination of the Drosophila 

flies with which he worked. As Kohler’s (1994) history of Morgan’s laboratory groups 

and Drosophila explores, the development of genetics as both practices and 

phenomena was inseparable from its complex of humans, flies, settings, and work. 

Despite efforts at the standardization of different strains of Drosophila into model 

organisms, neither the flies, scientists who handled, bred, observed, and wrote about 

the flies, nor their work could be easily separated. In other words, even as biologists 

came closer to describing mechanisms of genetic inheritance on a molecular level, the 

work that enabled that description required the practiced, craft sensitivity of individual 

human biologists. As such, when Caltech recruited Morgan to join its early faculty and 

help to establish its biology department, they hardly recruited a single man. Instead, 

Caltech might be thought to have imported a wholesale ecology for the investigation of 

genetics from one North American coast to the other. Seen in this light, Revelle and 
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Hopkins’ efforts to attract assorted scientific luminaries as part of the establishment of 

UCSD two and a half decades later might be understood as following a southern 

Californian model for the establishment of a new scientific institute.

From the 1930s into the 1950s, the adaptation of methods (particularly X-ray 

crystallography) from physics made possible new findings in experimental biology. Of 

particular interest to the development of molecular biology in southern California is 

Linus Pauling. Pauling, who began his career as a physical chemist at the Caltech, was 

an early pioneer of the application of quantum physics to chemistry. After Morgan 

moved to Caltech in 1928, bringing with him other experts in fly genetics including Alfred 

Sturtevant  and Theodosius Dobzhansky,  Pauling became increasingly interested in 40 41

the application of X-ray crystallography and other chemical methods to the study of 

biology. As a long running concern, Morgan’s lab had been interested in the physical 

structures of biological inheritance and evolution. This was exemplified in their work on 

the structure of chromosomes as well as the relationship between phenotypic 

differences (such as eye color) and microcellular structures. Much of the earlier work of 

Morgan’s lab involved the use of light microscopes, which render such structures 

visible, but only up to a point. X-ray crystallography provided a method by which 

 Sturtevant, an early student of Morgan’s, had developed the first genetic map of a 40

chromosome in 1913 and completed his doctorate in 1914. He continued to work as a 
researcher in Morgan’s “fly room” at Columbia until he, many of the lab’s other members, many 
Drosophila flies, and many accompanying apparatuses relocated to Caltech.

 Dobzhansky, a Ukranian emigre who had studied Drosophila genetics at a lab in Saint 41

Petersburg, Russia (under the eugenicist Yuri Filipchenko), came to study at Morgan’s lab just 
prior to its move between Columbia and Caltech. Sponsored by a Rockefeller Foundation 
grant, Dobzhansky moved together with the lab. He is best known as one of the authors of the 
neo-Darwinian “modern synthesis,” in which he and other evolutionary biologists attempted to 
bring together genetics, cell biology, and population biology into a unified theoretical and 
mathematical framework.
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proteins and nucleic acids could be imaged, and Pauling and his new colleagues in 

biology put that method to use.

Many of these developments in biochemistry and biophysics took place in the 

midst of the Great Depression. As such, one might wonder how Morgan, Sturtevant, 

Dobzhansky, and Pauling found the funds to support their research. As discussed 

above, it took a few years for the NIH to expand its grant programs and for different 

institutes to be established, and the NSF had yet to be established. The wartime offices 

like the OSRD also did not yet exist. Instead, scientists largely turned to private 

philanthropies in the 1920s and 1930s. The Rockefeller Foundation, for example, is 

often given credit for its role in funding, and therefore helping to establish, molecular 

biology in the United States (Kohler 1976, 1978; Fisher 1978, 1980; Kay 1993). That is 

not to say that philanthropic organizations carried biology in the United States (and in 

the United Kingdom) on their own. Rather, as Kohler (1978) argues, the Rockefeller 

Foundation responded to the changing terrain of American higher education by 

redirecting its funding priorities from general education to research. In the early 1920s, 

college enrollments and graduation increased sharply. This, in turn, increased the 

endowments and operating budgets of many public and private universities, as well as 

the number of American PhD holders. Because of the resulting increase in funds for 

general education, the directors of the Rockefeller Foundation and other private 

philanthropies considered how to redirect their funding in order to have a greater 

impact. Over a series of years and organizational shifts, the Foundation ended up 

focusing on graduate student and faculty research, particularly in biology (Kohler 1976, 

1978; Abir-Am 1982; Kay 1993).
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Pauling, Sturtevant, and the other biologists at Caltech were able to seek and 

receive philanthropic funds for their intrainstitutional collaborations as well as 

international travel for experimentation and study. In 1926, Pauling (owing partly to his 

mentor at Caltech, A.A. Noyes) received a newly-established Guggenheim Fellowship.  42

That allowed him to travel to Europe and work further on the development of quantum 

chemistry (Mead and Hager 2001). Amongst others, he worked directly with Arnold 

Sommerfeld at the Institute for Theoretical Physics at the University of Munich. The 

timing of Pauling’s visit was fortuitous, occurring in the midst of a period of years in 

which quantum mechanics was reworked and transformed, particularly by observations 

and experiments on wave-particle duality. In an attempt to connect more thoroughly with 

the physics community in Europe, he also attempted to work directly with Niels Bohr 

and Erwin Schrödinger (and renewed his Guggenheim grant to do so). Even so, Pauling 

was not able to establish a working relationship with either Bohr or Shrödinger, despite 

visiting Bohr’s lab in Copenhagen and taking assiduous notes in a seminar led by 

Schrödinger in Zurich.  Even so, Pauling’s experience with Sommerfeld allowed him to 43

 Pauling accomplished this feat during the second ever year for the fellowship program. The 42

inaugural Guggenheim Fellowships had been awarded a year earlier, in 1925.

 While Pauling was unable to form strong relationships with Bohr and Schrödinger, he did 43

begin a friendship with Robert Oppenheimer during his travels. Pauling and his wife Ava met 
Oppenheimer while traveling between labs. All three would become close colleagues and 
friends while Pauling and Oppenheimer were faculty at Caltech. This friendship was 
exemplified by a gift Oppenheimer gave to Pauling: his mineral collection, which he had been 
building since he was a child. Oppenheimer described the motivation for the gift as owing to 
Pauling’s fascination with crystals, and “inorganic crystals” in particular (Monk 2008, 400). Their 
friendship took a turn when Oppenheimer attempted to persuade Ava to run off to Mexico with 
him (Monk 2013, 401). Even though Pauling and Oppenheimer remained somewhat collegial 
after this, Pauling would later refuse Oppenheimer’s offer to join the Manhattan Project. As 
justification, Pauling cited other commitments. He continued instead to chart his own 
interdisciplinary research throughout the second world war, first contributing to research in 
ballistics and rocketry (which took him to wartime Britain as part of a collaboration) and then 
attempting to develop a suitable artificial replacement for hemoglobin that could be deployed 
in battlefield conditions.
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develop further expertise at X-ray crystallography, as Pauling saw the potential to use 

the technology to experimentally observe some of the phenomena of Schrödinger’s 

wave mechanics (Pauling 12/17/1926).

All of this work with physicists became relevant to biology upon Pauling’s return 

to Caltech and the United States in 1927. There, Pauling became an Assistant 

Professor of Theoretical Chemistry, successfully and convincingly researched chemical 

bonds, and published a series of papers on the subject. In pursuit of this research, 

Pauling recruited numerous Caltech faculty and graduate students and successfully 

applied for funding from the Rockefeller Institute in 1933. Notably, in his inaugural grant 

to the institute Pauling emphasized the way his group used X-ray crystallography and 

quantum chemistry to investigate organic molecules:

In developing structural chemistry we have not drawn a line between 
inorganic and organic substances, and at first most of our work, covering 
compounds of all elements, dealt with organic compounds to only a small 
extent. However, our methods have been found to be particularly valuable 
in the treatment of the complicated problems of organic chemistry, and we 
are now devoting the major part of our effort to these problems. (Pauling 
10/24/1933)

Pauling was hardly the first to apply the theories and methods of X-ray 

crystallography to organic molecules. In Britain, W.H. and W.L. Bragg had been working 

with X-ray crystallography since near the turn of the century, with students including J.D. 

Bernal, Max Perutz, John Kendrew, William Astbury, and Francis Crick (Law 1973). 

Even so, Pauling’s advances in quantum chemistry and investigations of molecular 

bonds led to a distinctly different approach. This would lead Pauling, his colleagues, and 

his students to closely investigate hemoglobin, the genetic basis of sickle cell anemia, 

and the chemical structures of proteins. Each of these investigations exemplified the 
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particularly interdisciplinary biology that Pauling and his colleagues conducted at 

Caltech, which likewise demonstrated the funding priorities of the Rockefeller 

Foundation.

Numerous historians and sociologists of science have explored how the 

Rockefeller Foundation influenced the development of molecular biology, which is of 

interest not only for the interaction of industry-funded philanthropy and science but also 

for how the foundation prioritized the influence of physics in the practice of biology (Law 

1973, Kohler 1976, 1978; Abir-Am 1982; Fuerst 1984; Yoxen 1984; Abir-Am 1985; Kay 

1993; Myers 2008).  Pauling and Caltech’s work is particularly relevant as a 

demonstration of the interdisciplinary grounding of molecular biology. As the Rockefeller 

Foundation’s prioritized work like Pauling’s, physicists increasingly involved exercised 

power over biology, particularly emerging forms of biological research (Abir-Am 1982, 

351).  In this, the disciplined work of Pauling’s structural biology found a stable 44

sponsor. A form of laboratory biology that emphasized the structural interaction of 

organic molecules (and proteins in particular), became more stable and influential as a 

result. With this material stability, Pauling and his lab began long-term research projects 

into the structure of antibodies, hemoglobin, and simple proteins. These projects, 

particularly in the way that they configured structural biology’s practices and 

phenomena, would have a lasting influence. 

 Abir-Am considers interfaces within and between disciplines to be sites where power is often 44

discursively visible. She argues that power is a fundamental force of human life, “a 
phenomenon which is both a medium and outcome of action.” (1985, 76) As such, she is 
interested in examining how different forces in society influence, dominate, or colonize others. 
In this case, Abir-Am theorized that interdisciplinary relationships were also power 
relationships. That the Rockefeller Foundation prioritized investigators like Pauling makes 
evident how physicists and chemists were materially supported as they entered the field of 
biology.
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This influence was felt both internationally as well as regionally, particularly within 

the University of California. Students of the biologists at Caltech would, in the 1960s, 

establish the Department of Molecular Biology at the University of California, Berkeley 

as well as the Department of Biology at UCSD. For example, S.J. Singer, who worked 

as a postdoctoral researcher with Pauling and was a co-author (together with Harvey 

Itano and Ibert Wells) on their 1949 paper on the molecular basis of sickle-cell anemia, 

would go on to be one of the founding members of the UCSD biology department. Like 

Pauling, Singer would bring a chemist’s approach to biology.  The UCSD division of 45

biological department would continue to grow with Caltech alumni, many of whom would 

continue to work with the institution for decades. These included Sturtevant’s student 

Dan Lindsley, who arrived in 1967 as an expert in Drosophila genetics.  Gordon Sato, a 

student of Max Delbrück’s, would join the UCSD faculty in 1969. Pauling himself briefly 

joined the faculty at UCSD as a Professor of Chemistry in Residence between 1968 and 

1969.  These scientists together baked an orientation towards genetics into the UCSD 46

 In an oral history interview conducted on September 1, 1998 at UCSD, Singer recalled that 45

when he joined the biology department at UCSD, he was joining a biology department for the 
first time. This was because, under Pauling, he had largely considered himself to be a chemist 
or a physicist. He was a little unsure about how he would be received by his colleagues who 
had received training as biologists in name. To Singer, this appeared to have been a matter of 
considering whole organisms rather than his own work of considering molecular interactions. 
As Singer put it, “he knew a rat from a rabbit, and that was about it.” This apparently was not 
much of a hurdle, as Singer would go on to become one of the most successful and 
longstanding members of the department.

 Pauling, despite this somewhat short appointment and his feelings of antipathy towards the 46

University of California, is nonetheless claimed by UCSD as one of its Nobel Prize winning 
faculty. For example, his name is emblazoned on a banner listing past awardees that hangs in 
the University’s main gym. As illustrated by the banner, Pauling was amongst a line of 
prestigious scientists (beginning with the recruitment of physicist Harold Urey, during the 
school’s founding efforts) whose names UCSD has continued to use to assert its legitimacy as 
a premier scientific research institution. The appointments of these researchers often involved 
special institutional arrangements across the University of California (as exemplified by Urey) 
and relatively short timelines. UCSD has also made use of its close collaborations with its 
surrounding institutions to claim other prestigious scientists, as it did when Francis Crick 
arrived as a Distinguished Research Professor at the Salk Institute.
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division of biology that would be amplified by work at the Salk Institute, and which 

continues today with the addition of the Somerset consortium.

The work at Caltech, in other words, had an impact in how biology expanded its 

focus on cellular and molecular levels. Between Pauling, fellow physicist-turned-

molecular biologist Delbrück, Morgan, and Sturtevant, molecular biology laboratories 

continued to mushroom on the west coast of the United States. Through their efforts 

and those of their students and collaborators, molecular biology became increasingly 

institutionalized as a field. The origins of this field involved the application of 

interdisciplinary approaches that were encouraged by philanthropic and academic 

funding. Much of this funding, especially from the Rockefeller foundation, was 

specifically provided with the aim of encouraging a physicochemical approach to 

biology.

In addition to Pauling, Delbrück was a direct beneficiary of this funding strategy. 

Sponsored by the Rockefeller Foundation, Delbrück was a fellow at Caltech from 1937 

to 1939. With the outbreak of the second world war, he found himself unable to return to 

Germany, where much of his family would later be killed as members of the resistance. 

Understandably, the war interrupted Delbrück’s career, an interruption that was 

lengthened by Morgan’s reluctance to provide Delbrück with a more permanent position 

at Caltech. The Rockefeller Foundation again stepped in, connecting Delbrück to a 

position in physics at Vanderbilt University, with a laboratory in the biology department. 

When George Beadle replaced Morgan as chairman of Caltech’s biology division in 

1946, he offered Delbrück a Chair of Biology. The offer was swiftly accepted, and 

Delbrück would continue at Caltech until his death in 1979 (Hayes 1993).
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In addition to his own interdisciplinary lab work, Delbrück is best known for his 

efforts as an organizer of the burgeoning community of molecular biology. Particularly 

important was his work with what came to be known as the Phage Group, a distributed 

community of biologists who worked with bacteriophages.  While he originally came to 47

Caltech to work with Drosophila, his work and the work of others in the group would 

lead towards the establishment of Escherichia coli as a model organism. The work of 

Delbrück and other members of the group, particularly Italian emigre Salvador Luria, 

would help to establish the importance and mechanisms of random mutation in 

evolutionary theory. In what is now called the Luria-Delbrück experiment, which the two 

published in 1943, the two developed a probabilistic model to account for variations that 

they observed after introducing a bacteriophage to E. coli colonies. Their analysis of the 

resulting variation is a classic case of how biologists develop quantitative models that 

are judged against the results of an experimental apparatus, which then leads to the 

development of further models that were not anticipated in advance.

Like Pauling, Delbrück employed his background in physics to the investigation 

of biological problems. Much as Pauling had attempted to be in the late 1920s, Delbrück 

was a student of Bohr’s. He was also influenced by Schrödinger, particularly the latter’s 

remarks that life would be found to follow coding processes that operated along physical 

principles (Mullins 1972). Delbrück’s approach closely adhered to that philosophy and 

he found Pauling to be a ready colleague. As research into the structures of proteins 

and amino acids came to occupy center stage as the possible basis for genetic 

 The Phage Group became more institutionalized with Delbrück’s annual Phage Course, a 47

worksop which he and other instructors taught largely at Cold Spring Harbor and at Caltech. 
Amongst the students of the Group was James Watson, one of Luria’s graduate students at 
Indiana University Bloomington from 1948-1950. 
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replication and inheritance, the structural and informational approaches of both Pauling 

and Delbrück would prove to be deeply influential.

§ 2.5 Proteins, DNA, and Molecular Biology

The approaches of this Californian school of genetics became influential not only 

regionally or within the United States, but proved a crucial partner and foil for the 

complicated history of X-ray crystallography and emerging molecular biology in the 

United Kingdom. As émigrés like Delbrück came to the United States, Pauling and 

others continued to regularly travel to to Europe. Of particular importance to the 

development of molecular biology was the reception of their work by the biologists and 

X-ray crystallographers at the Cavendish Laboratory and the Medical Research Council 

Laboratory of Molecular Biology (MRC-LMB) in Cambridge, UK as well as the MRC 

Biophysics Lab King’s College in London. The immediate postwar period saw a boom in 

life science research in the UK, with the MRC-LMB making its initial research 

appointments in 1947. The Lab of Molecular biology rapidly expanded under Max 

Perutz’ leadership to include Frederick Sanger, John Kendrew, and Francis Crick.  48

Likewise, at King’s College John Randall would appoint Maurice Wilkins and, only a 

short time later, Rosalind Franklin. Of additional importance to the development of 

 As noted above (in footnote 47), Crick was a consultant for the Salk Institute at the time it 48

was founded in La Jolla. He continued to participate as a non-resident fellow between 1960 
and 1976, at which point he moved to La Jolla permanently. He continued to work there as a 
Distinguished Research Professor, and, for a time, as President, until his death in 2004. 
Following his death, the Salk Institute established the Crick-Jacobs center (with the 
participation of wealth UCSD alumn and co-founder of Qualcomm, Irwin Jacobs) as an 
interdisciplinary research unit that focuses on neurobiology.
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molecular biology in the UK and more broadly, James Watson joined Crick’s unit of the 

MRC-LMB at the Cavendish Laboratory as a postdoctoral researcher in 1951.

Watson and Crick together famously published a deduction of the structure of 

DNA in 1953, but the presence of their names on the short (just over a single page) 

publication “Molecular Structure of Nucleic Acids: A Structure for Deoxyribose Nucleic 

Acid” and its short citation list (which includes only six prior publications) belies the 

distributed efforts that made up the paper’s significance. The simplified form of the 

paper is rhetorically interesting; as Halloran argues, the paper, its timing, its publication 

in Nature, and its tone are better suited for the work of gathering an audience for work 

to come than for a substantial explanation of a scientific discovery (Halloran, 1984, 77) 

While much scientific writing employs literary reasoning meant to be persuasive to 

specific communities (Knorr Cetina, 1981), the rhetoric in Watson and Crick’s paper is 

notable for the structure of its explanation. Rather than strive for a more complete 

characterization of the structure of DNA, they chose to briefly gloss a small selection of 

prior experimental results (such as the even ratios of adenine to thymine, and guanine 

to cytosine), a single “purely diagrammatic” (Watson and Crick 1953, 737) figure of the 

double helix, a brief mention of prior X-ray crystallographic data, and confident promises 

about the implications and details of the structure (the details of which were left to be 

published later). 

Watson and Crick’s paper is a richly semiotic text in its manipulations of authorial 

voice, its diagram, and its temporal and field positioning. Even the brevity of the paper 

can be regarded as significant, as Watson and Crick put forward just enough detail to 

stake a claim on their discovery without having to fully explicate it. The details of 
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structure that were produced were meant to address both the biological community at 

large and also, more specifically, the scientists and laboratory groups whom Watson 

and Crick regarded as both collaborators and competitors. The paper opens with a 

reference to Pauling and Corey’s paper from earlier in the year on the same subject, 

and, in the published draft, describes previously published X-ray data on DNA as 

“insufficient.” (Watson and Crick 1953, 737) The only citations that Watson and Crick 

included for X-ray crystallographic data on DNA are to Astbury’s 1947 work at the 

Cavendish Laboratory and Wilkins and Randall’s 1953 publication from King’s. The 

insufficiency of the published data, however, was apparently made up for in unpublished 

data, some of which was, in all likelihood, improperly viewed. This is only briefly 

acknowledged in the second to last line (just ahead of a note on Watson’s funding), 

recognizing “the unpublished experimental results and ideas of Dr. M. H. F. Wilkins, Dr. 

R. E. Franklin and their co-workers at King’s College, London.” (Watson and Crick 1953, 

737-8) 

The trouble is that Watson and Crick had been shown many of these results and 

ideas (Franklin’s, in particular), without their authors’ knowledge or permission. In some 

of Watson’s visits to King’s College, Wilkins had shared some of Franklin’s images with 

him. These images, which had been produced by Franklin and her collaborator and 

student, R.G. Gosling,  showed some of the detailed structure of DNA. Those images 49

 Randall, as head of the MRC Biophysics Lab at King’s, had appointed Franklin as Gosling’s 49

supervisor upon her arrival. This caused some confusion, as Gosling had been under Wilkins’ 
supervision just prior. Gosling benefited from working with Franklin, as exemplified by their 
string of publications on the structure of DNA in 1953. However, Wilkins continued to have 
numerous professional and personal conflicts with Franklin. Wilkins’ issues, compounded with 
other sexist features of British science and its domination by Oxford, Cambridge, and the Royal 
Society, may have contributed to the situation in which Watson and Wilkins were rewarded for 
using Franklin’s data before publication and without her permission (Sayre 1975; Manwell and 
Baker 1979).
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could be interpreted by an expert eye to have serious implications for investigators 

working on the structure of DNA, particularly if those investigators were already 

attempting to infer that structure based on information about its chemical composition. 

Watson and Crick were engaged in just such an enterprise, as was Pauling. While the 

amount of influence that Franklin’s photographs had on Watson and Crick is still the 

subject of historical and philosophical debate (Schindler 2008), it seems clear that 

Franklin’s images would be useful for the purposes of model building. At the Cavendish 

lab, such an effort at modeling was already underway.

In the early 1950s, the structure of DNA was under investigation by several 

investigators. Drawing boundaries around these different investigations was a 

contentious subject not only in international competition (as Watson and Crick felt 

themselves to be in a race against Pauling) but even within King’s Biophysics Unit. 

Even while they were both researching the same molecule (and with the same eventual, 

grand goal) Wilkins and Franklin worked on separate projects. This is evidenced by their 

separate headings in a 1952 report that the MRC produced on the Biophysics Unit. 

Wilkins was credited under a section on “Desoxyribose nucleic acid and nucleoprotein 

structure (M.H.F. Wilkins),” while Franklin and Gosling credited under another section, 

titled “X-ray studies of calf thymus DNA.” (Manwell and Baker 1979, 743) The difference 

in section titles is apt, as Franklin and Gosling were more focused on producing higher 

quality images of DNA than on building structural models. 

The report, and the divisions evident within it, are important for two reasons. 

First, it illustrates the differences in Wilkins’ and Franklin’s approaches as well as their 

institutional status. Second, it shows that the Medical Research Council was aware of 
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the details of their projects. In his role as the director of the Cavendish Laboratory, the 

report was delivered to Max Perutz. He, in turn, made it available to Watson and Crick. 

As Wilkins shared Franklin and Gosling’s images with Watson, so too did Perutz share 

their portion of the MRC report. 

Watson and Crick reconsidered their own model after becoming more thoroughly 

informed of the progress under way at King’s. Their initial model, produced after Watson 

had sat in on one of Franklin’s seminars at King’s, was in need of an update. Franklin, 

Wilkins, and others from King’s were invited to Cambridge to view that earlier model, 

which Franklin immediately recognized as being inconsistent with her data. Perutz and 

others told both Watson and Crick to then focus on other projects. It wasn’t until Wilkins 

and Perutz shared information from Franklin and Gosling’s projects and Pauling 

produced a structure of his own (which was recognizably incorrect, given the 

information from King’s),   that Watson and Crick began to re-build and tune their 50

models once more (Hubbard 2003). Following this period of initial model building based 

on Watson and Crick’s understanding of the molecules that made up DNA, the atomic 

forces at work between them, and the morphology of DNA that was revealed, in part, by 

 Correspondence between Watson and Delbrück shows the close attention that was being 50

paid between Pauling’s labs and those at King’s and Cambridge (Watson 3/12/1953). In a letter 
from Watson, he thanked Delbrück for his description of a seminar offered by Pauling on his 
proposed model. Watson then briefly described his and Crick’s model, mentioned that they will 
soon submit it to Nature, and asked Delbrück not to mention the letter to Pauling before he and 
Crick can send him a copy of their manuscript. He also mentioned that a proof of his and 
Crick’s sterochemical approach might be provided by images from “the group at King’s college 
London who posses very excellent photographs of a crystalline phase in addition to rather 
good photographs of a paracrystalline phase,” and that “Our model has been made in 
reference to the paracrystalline form…” This seems to refer to Franklin’s images while lumping 
her and Wilkins into the same “group.” As the MRC report makes clear, even while working in 
the same facility Franklin and Wilkins did not necessarily consider themselves to be working on 
the same project.
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Franklin’s images, the Nature publication and its diagram of the structure of DNA was 

produced as a moment of major biological discovery.

The discovery of the structure of DNA involves a variety of topics that are deeply 

relevant to the current state of biology and genomic research. It involved 

misunderstandings, tensions, correspondence, contact, and communication between 

several laboratories, each engaged in overlapping projects. These projects stopped and 

started, transforming and adapting materials along the way (and sometimes in illicit 

ways). Publications were carefully timed to fit within rhetorical strategies. Phenomena 

were selected for investigation, discarded, and then adopted once more after a shift in 

perspective. From our present moment, investigations into the structure of DNA are 

important to consider not only because the amino acid came to have continued, 

recognizable, and developing importance to how we consider life but also because of 

how those investigations took shape and moved along.

The search for DNA did not begin as a search for DNA per se but rather began 

as a search for whatever molecular structure, present in recognizably living cells, 

seemed most capable of replication. The discovery of the structure of DNA  was not 51

exciting because investigators had produced yet another model of a protein or amino 

acid. Many such models had been produced for a number of years. DNA was a 

somewhat recognized quantity at the time, but had not yet been recognized for its 

importance in replication. In their searches for intra-cellular mechanisms of replication, 

investigators including Pauling had largely focused on complex proteins because DNA 

 Here, I would expand that discovery from Watson and Crick’s initial paper through the 51

subsequent publications by Wilkins, Franklin, and Gosling.
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and similar amino acids seemed too simple to be the key to genetic replication.  52

Rather, Watson and Crick’s model of the structure of DNA was exciting because it 

provided a robust picture, blending structural chemistry, x-ray crystallography, and 

biology together in support of a model of how living systems replicated. The details 

could wait until Wilkins, Franklin and Gosling produced their publications (which came 

swiftly, in a matter of months, also to Nature). Watson and Crick’s short paper 

announced that this was it: DNA, a structure found in organic molecules from which 

explanations about replication could be developed.

Such a structure had been sought after since the revival of Mendelian genetics 

decades earlier. Morgan, Sturtevant and the Drosophila labs had come close with their 

description of chromosomes. Pauling’s work had then provided further impetus to 

investigators who considered how taking the physics of molecular interactions into 

account may help to describe inter- and intra-cellular mechanics.  From these 53

developments, the field of biology, and the institutions and society around it, shifted to 

make it so that the discovery of the structure of DNA seemed urgent. Watson and 

Crick’s announcement of their model seized just the right moment, a moment that had 

its own historical development. 

 This was not a simple matter of discarding DNA as a potential mechanism of replication 52

without thorough investigation. Had Pauling’s model of a triple helix been borne out as the 
structure of DNA, then it would presumably have been discarded in favor of other acids or 
proteins that could be found with an appropriate structure. This was recognized by Watson in 
his communication with Delbrück. The discovery of a model with a double helix with DNA's 
chemical composition, that was arranged in accordance with what physical and chemical 
theories of intermolecular forces, and that could be read into Franklin and Gosling’s images 
resulted in a convincing repudiation of Pauling’s model.

 As strategically supported by the Rockefeller foundation, the NIH, and then the NSF.53
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The conditions under which their model could be asserted (and continuously 

asserted, since) as a grand discovery had as much to do with the phenomena as 

anything else. This is similar to Fleck’s argument surrounding the co-constitution of the 

Wasserman reaction and syphillis. As Fleck argued, numerous transformations within a 

community (whether defined professionally or, in his terms, by a “thought style”) might 

have to take place in order for a community to recognize the significance of an object or 

process (Fleck 1979). By the late 1940s and early 1950s, molecular biology was 

increasingly pushing from characterizing genes through chromosomal activity into a 

more fine-grained analysis of amino acids and proteins. As an example, we might 

consider how Pauling and his collaborators had characterized sickle cell anemia as a 

“molecular disease.” (Pauling et. al. 1949) That work was partly occasioned by Pauling’s 

previous, wartime investigations of hemoglobin. But it also served as a marker of the 

development of a molecular approach. This, in turn, developed into a field concerned 

with the structures and interactions of amino acids and proteins. Pauling’s discovery of 

the structure of the alpha helix in 1948 might serve as another example. Prefiguring the 

discovery of the structure of DNA, Pauling, ever interested in a material, model-based 

approach, had arrived at a coherent structure in 1948 while folding paper representing 

peptides in bed (Myers 2008). This discovery further spurred the work of the biologists 

in the United Kingdom who were interested in a structural approach to genetic 

replication, as they had considered Pauling to have, with that discovery, beaten them to 

the punch.

The discovery of the structure of DNA, then, can be understood as a further 

development in the field of molecular biology. This was a field that had become 
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increasingly obsessed with creating structural models that followed a chemical 

characterization of organic molecules and . As demonstrated by the extended episode 

around DNA, this proceeded through multiple modalities– the physical construction of 

models, their comparison with textual descriptions of chemical compositions as well as 

with x-ray images, and then their re-inscription into diagrams and accompanying prose. 

These processes, taken together, were not wholly local phenomena, but rather had to 

be transported, locally specified, and interpreted by different scientists and laboratories. 

These translations through semiotic modalities involved the bodies and dexterity of 

biologists while also furthering methods of rendering life in diagrams, text, and code.

These methods for mapping DNA were transformative. Within the framework of 

neo-Darwinian modern synthesis of evolutionary theory, cell biology, and genetics, 

biology became more and more thoroughly technological. Following the developments 

of molecular biology in the 1950s and 1960s, biologists became more capable of 

localizing and decomposing systems and mechanisms of living organisms to genetic 

code. To quote Donna Haraway regarding the reduction of biology to genes, “‘Life,’ 

materialized as information and signified by the gene, displaces ‘Nature,’ preeminently 

embodied in and signified by old-fashioned organisms.” (1997, 134) This attitude was 

materially instantiated in the form of increasingly sophisticated imaging techniques, 

model building, and scientific writing. It also made for an easy interface with computer 

science and the integration of computational methods in biology.

This interface was a contingent development. Despite discourses that present 

work that was only possible through the use of digital information technologies, we 

might consider that computerization was, in Agar’s words, “only attempted in settings 

�97



where there already existed material and theoretical computational practices and 

technologies.” (2006, 872) As an example, Agar explores Dorothy Crowfoot Hodgkin’s 

X-ray crystallography at Oxford. Hodgkin’s nobel-prize winning work on the structure of 

B12 vitamins was assisted by a collaboration with the Scientific Computing Service Ltd, a 

private British company that specialized in mechanical punch card methods. Pauling, 

who was as usual remarkably on the ball, had been working with similar methods at 

Caltech in the same time period. The advantage introduced by using punch card 

computers was speed, which in turn encouraged crystallographers to become more 

accurate by using higher frequency X-rays. That practice, which required many more 

computations than had been considered feasible without computational assistance, was 

encouraged as more calculations could be completed more rapidly. With this, scientists 

like Hodgkin were more willing to pursue different avenues of research, including the 

three-dimensional reconstruction of molecules. It also encouraged a division of labor 

between experimental scientists and data managers within laboratories and between 

laboratories and their collaborators. By the 1950s, Hodgkin was securing time on 

electronic computers. A collaboration with UCLA was particularly helpful in the 

development of this split working process and was, indeed, of importance to Hodgkin’s 

model of the three-dimensional structure of B12. This was not a linear development, but 

one that grew along a back and forth between biologists, chemists and developers of 

computational machinery and electronics.
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§ 2.6 Configuring Bioinformatics and Biology

The history of molecular biology is one of interdisciplinary collaboration, 

crossings, and borrowings, both licit and illicit. Accompanying biotechnologies 

developed out of these collaborations, driven by an influx of scientists who began their 

work (and frequently continued to identify themselves primarily with) other disciplines, 

notably chemistry and physics. As structural chemists came into contact with early 

molecular geneticists, the chemical composition of organic molecules became 

increasingly important to biological work. As methods to identify those molecules 

became more sophisticated, modeling the structures of larger structures like proteins 

and amino acids became a priority. This developed out of the practices of structural 

chemistry, including physical modeling and x-ray crystallography, were adapted for 

molecular biology. Related developments of computers and software spurred further 

interdisciplinary collaborations that changed the speed and scope of experiments. All of 

these factors contributed to the development of molecular biology and its emergence as 

a field.

This development was spurred by overlapping changes, institutionalization, and 

regimes in the political, military, and medical spheres of the federal government. As the 

landscape of the American academy was changed in the 1920s in support of general 

education, philanthropies like the Rockefeller Foundation increasingly focused their 

efforts on specialized domains. This approach found its federal partner in the 

institutionalization and rapid expansion of the National Institutes of Health in the 1930s 

and 1940s. Military offices also increasingly supported large scale and long term 

scientific projects in the years surrounding the second World War. Many of those offices 
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were transformed into more civilian institutions, including the National Science 

Foundation, in the postwar period. The growth of institutional and federal funding 

sources for science in the United States spurred the growth of both scientific industry 

and academic laboratories. In San Diego, the contingent arrangement of this 

infrastructure resulted in an arrangement of academic, industrial, and non-profit labs.

In the intervening decades between the 1960s and the present day, the 

University of California, San Diego and the Salk Institute for Biological Studies were 

joined by the La Jolla Institute for Allergy and Immunology, the Scripps Research 

Institute, and the Sanford Burnham Prebys Medical Discovery Institute. I have primarily 

focused on UCSD in this chapter as it provides the primary affiliation for the WD Lab’s 

faculty and students. That said, these other institutions have their own rich history. The 

Scripps Research Institute, for example, developed after an endowment to the 

Metabolic Clinic of the Scripps Medical Hospital founded both in 1924. Many 

transformations later, in 1991 the Scripps Research Institute officially emerged from the 

then-conglomerated Scripps Clinic and Research Foundation and Scripps Memorial 

Hospital. Similarly, the Sanford Burnham Prebys Medical Discovery Institute has 

progressively expanded, adding the names of prominent philanthropists as it developed. 

Finally, the La Jolla Institute for Allergy and Immunology was founded in 1989 with a 

focus on cellular and molecular medicine. 

That these institutions were either established or transformed in the late 1980s 

and early 1990s coincides with the institutionalization of federal offices, projects, and 

institutes for genetic research. The Human Genome Project was discussed by the 

United States Department of Energy starting in 1984, and the NIH established the Office 
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for Human Genome Research in 1988 to formalize the program. This office was not 

simply a reorganizational move within the NIH as it was established as a line item in the 

federal budget. Further, the administration of the office came with scientific star power, 

with James Watson appointed as its head. In 1990, Congress authorized 

$3,000,000,000 dollars in funding to be disbursed for fifteen-year estimated duration of 

the project. This remains the largest outlay of funds that Congress has authorized for a 

biology research project.

The Human Genome Project also entailed a drive for the institutionalization of 

bioinformatics. The National Center for Biotechnology Information was established by 

Congress 1988 soon after the Office for Human Genome Research. As sequencing 

experiments grew in scope and complexity, informatics became further integrated with 

biology. This was not only due to advances in computer science and informatics, but 

biological technologies that allowed for the more rapid sequencing of DNA. Much of this 

was due to the work of Frederick Sanger, who had continued to work with the MRC 

Laboratory of Molecular Biology in Cambridge, UK. Sanger and his team developed a 

sequencing technique to determine the order of nucleotides in Escherichia coli (Sanger 

et al 1977). This development, based on earlier techniques that were used to sequence 

RNA, was then adapted for increasingly long and complex segments of human DNA 

throughout the 1980s and 1990s.  The ability to sequence segments of DNA and RNA 54

led to an increased need for bioinformatics. The more genetic material that could be 

sequenced, the more information there was to be processed.

 Sanger sequencing techniques remain useful in exploratory or quality control work.54
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Of course, bioinformatics had already been important to biology as it pertained to 

databases and the automated study of protein sequences. As demonstrated by 

Hodgkin’s collaboration with computer and information scientists, biologists had been 

applying computational methods to the discovery of protein structures. In the 1960s and 

1970s, this precipitated the creation of The Atlas of Protein Sequences and Structure by 

Margaret O. Dayhoff, a physical chemist. Published in 1965, the Atlas was amongst the 

first molecular biology databases. The database arose from Dayhoff’s work, in which 

she applied computer science to the comparison of molecular sequences. As DNA 

sequencing technologies were still to be developed, the Atlas focused on the molecular 

sequences of proteins.

Dayhoff was not the only scientist who maintained this sort of database, but she 

did maintain the largest collection for many years. Much of her research approach arose 

out of the database as it facilitated comparisons in a way that was difficult for smaller 

teams or individual researchers. However, as Strasser (2011) has argued, this approach 

did not exactly go over well with those biologists who actually conducted sequencing 

experiments. This was partly because of the way that Dayhoff exercised ownership over 

the Atlas database, which was, after all, filled entirely with the results of other scientists’ 

work. While this was not unusual for biological collectors,  experimental biologists were 55

more reluctant to see their work leave their hands. This feeling was amplified when their 

work was used by Dayhoff for her own comparative research projects. The credit 

system of experimental biology at the time largely rewarded scientists who produced 

 Many earlier systematic biologists, going back to Linnaeus and other naturalists, largely 55

executed their projects using collections gathered by others. The Museum of Vertebrate 
Zoology, as memorably explored by Star and Griesemer (1989), is an institutional example of 
these sorts of collections and work.
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and then analyzed their own data. As such, Dayhoff encountered frequent difficulties 

with acquiring the money to sustain the Atlas. This only ramped up as Dayhoff 

computerized the Atlas, who began distributing it on magnetic tapes in 1972. In 1979, a 

number of prominent biologists met at the Rockefeller University and debated the need 

for a nonproprietary, centralized, database (Strasser 2011, 66-7). Partly in response, 

Dayhoff released her nucleic acid sequence database for use, in a way accessible to a 

computer through a telephone connection, in 1980 (Dayhoff, 1980).

In response to the Rockefeller University meeting (which was sponsored by the 

NSF) and to the competitive success of European initiatives at centralizing and digitizing 

biological databases,  in 1981 the NIH issued two requests for proposal (RFP) for a 56

national amino acids database and sequence manipulation software. Despite their 

success at accumulating and digitizing similar databases, Dayhoff and her team at the 

Biomedical Research Institute were not awarded the contract. Instead, it went to a 

combination of Bolt, Baranek and Newman (a Cambridge, MA computer 

communications company)  and the Los Alamos National Laboratory. Although the Los 57

Alamos proposal was headed up by (yet another) physicist who had become interested 

 Digesting this process in the pages of Science, Lewin wrote that “although there has been 56

considerable cooperation between the Europeans and groups here [the USA], their main effort, 
at the European Molecular Biology Laboratory (EMBL) in Heidelberg, came to fruition in April 
this year when their Nucleotide Sequence Data Library became freely available. EMBL’s early 
success causes considerable embarrassment on this side of the Atlantic.” (1982, 817) 

 As one might suspect from the scale of collaboration, Bolt, Baranek and Newman was hardly 57

a simple, commercial telecommunications company. It had worked with the Department of 
Defense to establish ARPANET in 1969. Since 1973, it had also contributed to the development 
of a similar system for biomedical researchers, the PROPHET project. Notably, Dayhoff and her 
research group had resisted distributing the Atlas over PROPHET as it would have been more 
difficult to charge for it. This was not a profit driven matter but a matter of securing enough 
funds to cover the costs of maintaining and distributing the database. Perhaps seizing an 
advantage, the Los Alamos - Bolt, Baranek and Newman collaboration were clear about 
Dayhoff’s team’s proprietary controls over their database in communications with the NIH 
(Strasser 2011, 87).
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in theoretical biology, Walter Goad, their group successfully argued that they would 

enable a more free and open database. Of course, Dayhoff’s group had promised the 

same, but had been forced into charging for access when the NIH and other potential 

funders had delayed the release of the RFP. In many ways, Dayhoff’s group was able to 

compete with the group at Los Alamos, even with the advanced computational 

resources of the lab and its defense connections to ARPANET. Even so, Goad 

foregrounded the commensurate utility of such telecommunications technologies for the 

values of experimentalists (Strasser 2011; Stevens 2015). And so, despite the 

Biomedical Research Institute’s expertise and collections, it was Goad and his team at 

Los Alamos that wound up securing funds from the NIH. From their proposal they would 

establish GenBank, which would become integral to the bioinformatic efforts of the 

Human Genome Project. 

Throughout the 1980s, bioinformatics continued to develop in support of 

molecular biology, with an ever-increasing focus on DNA sequencing. This developed 

alongside new approaches to networked biological databases. In 1981, a team at Los 

Alamos Scientific Laboratory (that was in communication with Goad) developed 

algorithms to analyze sequence data (Smith and Waterman 1981).  In 1982, several 58

publications detailed ways of inputting DNA sequence data from autoradiographs into 

computers, thereby automating some of the transformation of biological images into 

textual data (Gingeras et. al. 1982; Lautenberger 1982; Staden, R. 1982). By 1984, 

further developments in software and hardware were described that helped with this 

 Smith and Waterman’s body of work is more thoroughly described by Strasser (2011, 67). 58
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process of inputting data from autoradiographic gels into computers (Staden 1984).  59

The authors of these methods attempted to describe a complicated relationship 

between automation and user interpretation. Reading autoradiographs with a computer 

could be accomplished through an assemblage of biologist and apparatus: for example, 

a computer might read signals off a surface onto which an autoradiograph was 

mounted. This was not done automatically, but after the user of that apparatus defined 

the areas on the gel that contained sequencing lanes that corresponded to each of the 

four DNA bases. Then, that user would take a pen and press it into the gel, with the 

computer’s software recording the coordinates of the pen’s position.

  Digitization, using in this technique, was accomplished through an adaptation of 

existing material relationships. Once each of the four lanes had been identified within 

the software, “the user starts to read the gel by placing the pen on each successive 

band, moving up the gel as he would in the normal way.” (Staden 1984, 501) While this 

would facilitate usability, in Staden’s terms, it also purposefully made a space for 

interpretation. The software did not automatically read a gel, but rather followed the 

traces of a user who indicated the order of coordinates along a Cartesian axis. This, in 

turn, would allow the user “to take account of the known artifacts, compressions and 

pile-ups.” (Staden 1984, 501) Altogether, Staden was clear that he meant for his 

digitization system to graft onto, rather than replace, the experience of biologists that 

used it. This was accomplished through the adaptation of like forms that were already 

used in the non-digital version of using gels, most particularly by preserving the 

 This followed decades of use of the Sequenator, an automated protein sequencer developed 59

by Pehr Edman in 1967. 
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apparatus of pen and gel. Even while the “pen” was transformed into a digitizing 

instrument, the act of moving a pen about a gel while processing it remained. 

Laboratory ethnographers who worked in the same period described the 

complexities of transforming biological images, particularly electrophoretic gels. Amann 

and Knorr Cetina (1988) described the practical work and difficulties of producing and 

interpreting gels. There is, as one would expect, quite a deal of practical and 

praxeological familiarity indexed in what Staden described as “the normal way.”60

Similarly, Lynch described the relationship between methods of visualization and 

mathematization in biology (Lynch 1988). Included amongst Lynch’s examples are the 

uses of an autoradiograph to quantify and order organic molecules. On the 

autoradiograph’s surface, molecules are made to line up neatly, almost as though they 

were inscribed into a table. The autoradiograph exists as a midpoint between such a 

table and as residues from a biological specimen. These properties allow for the orderly 

abstraction of the molecular properties of a cell.

However, Lynch did not, at the time, mention that bioinformaticians were 

developing methods to digitally read and process autoradiographs. This adds a further 

dimension to the datafication  of visual evidence. Although Staden did not say so in the 61

terms of science and technology studies, that relationship is particularly clear in the 

discussion section of his paper. There, he described how his automated system was 

capable of screening out “unwanted” sequences or fragments that “should not be 

 That Staden uniformly used male pronouns in to refer to the users of his apparatus is a 60

categorical normalization of a different kind.

 I am borrowing the term “datafication” from Kennedy et. al. 2015, although I am stretching its 61

use somewhat. It refers to a transformation of an object into more quantitative information. I 
will return to a discussion of datafication and its relevance to the practices of the WD Lab in 
chapter six.
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present,” as well as compare and align the remaining fragments (Staden 1984, 502). 

This would enable bioinformaticians to align and reassemble data about smaller DNA 

and RNA sequences into longer sequences, an important consideration when working 

with more complex organisms. While biologists using Sanger sequencing methods were 

able to read and write the genetic sequences of smaller organisms (like E. Coli), such 

methods could not produce the whole genome sequence for organisms like humans in a 

single experiment. This is really where bioinformatics became integral to biology: in its 

methods for managing, comparing, and aligning smaller genetic sequences for the 

production of longer and longer sequences for more and more complex organisms.

This is, of course, not as simple as it may sound. To align sequence fragments, a 

biologist has to sequence fragments of a genome. Until recently, whole genome 

sequencing for complex organisms like humans was cost prohibitive in terms of time, 

materials, skilled labor, and data storage. Therefore, to extend their understanding of a 

sequence, biologists have to produce sequence fragments that partly consist of already 

known parts and also some hitherto unknown parts. That is an experimentally difficult 

task. It is compounded by a difficult informatics task as the same sequence may recur 

throughout an organism’s genome. This makes it difficult to know where a sequence 

fragment occurs in what order. In other words, it’s not as easy as matching up like 

sequences of genetic code. Biologists and bioinformaticians would address these 

problems by working to extend the length of the genome that could be read at a time 

and by producing greater quantities of sequence fragments. That greater quantity could 
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then enable the use of statistics that could certify overlaps, to a degree.  The use of 62

statistics became even more important in the use of cross-organism comparisons, 

which were used to establish homology between genes as a way to characterize their 

function.

As early as Staden’s methods, algorithms working off digitized genomic 

sequence data could be used to handle a million base pairs. That is many more than 

are found in the genetic sequence for E. Coli, whose genome only contains a few dozen 

pairs that could be visually confirmed, without the use of complex data management or 

statistics. The human genome, by contrast, contains roughly three billion base pairs. 

Part of the human genome project involved the development of biological and 

bioinformatic methods that could operate on that scale and its entailed complexity.

This is what the United States Department of Energy, the NIH, and the Office for 

Human Genome Research began to encourage in the mid- to late 1980s. Then, with the 

founding and execution of the Human Genome Project, large-scale, collaborative 

biology projects continued to expand. They did so on the social and technological 

infrastructures that had been established by structural, then molecular biology and 

bioinformatics. The scale of the Human Genome Project was internationally 

transformative, as it provided a massive quantities of funds for both experimental and 

infrastructural work. 

This was transformative not only for laboratories and academic institutions but 

also for regional economies. As explored by Jones (2005), Walshok et. al. (2002), and 

 As Stormo (2000) describes similar informatics methods have been used to map locations 62

along the genome where proteins and enzymes bind to DNA. These methods are central to the 
WD Lab’s work, as their largest projects involve identifying RNA-binding proteins and mapping 
their locations on the genome.
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Walshok and Shragge (2013), San Diego faced a difficult economic transition from its 

mixture of cold war military contracts, tourism, and real estate in the 1980s. With the 

successes of biotechnical spin-off companies like Hybritech and its own descendants, 

the city and county came to increasingly look to the biotech industry for economic 

support. This became more urgent as the shape of defense contracts drastically shifted 

with reforms in the Soviet Union and the transition out of the Cold War. By 1999, out of 

non-classified funding to San Diego, the Department of Health and Human Services 

was contributing $627.7 million, outspending the Department of Defense by $179.8 

million in the region (Walshok et. al. 2002, 30). This amounted to a massive shift from 

the decade prior and accompanied a similar shift in employment figures: by 1998, there 

were nearly 10,000 more residents who reported being employed under the 

Biotechnology/biomedical cluster than by Defense and transportation manufacturing 

industry cluster (Walshok et. al. 2002, 31). At UCSD, the 1990s saw steadily rising 

research funding across its schools of medicine and engineering as well as its divisions 

of biology and physical sciences, to the tune of millions of dollars in total increases each 

year. 

UCSD was not the only local biological/biotechnical/biomedical institution to 

benefit from these adjusted funding priorities. As affiliated nonprofits, the Salk Institute 

for Biological Studies, the La Jolla Institute for Allergy and Immunology, the Scripps 

Research Institute, and the Sanford Burnham Prebys Medical Discovery Institute each 

also saw great gains in funding from federal, state, and philanthropic quarters. That 

continued after the Human Genome Project was successfully said to have been 

successfully completed. This was due, in part, to the national and local infrastructures 
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that had been developed over the course of the 1980s and 1990s. By the time that the 

NIH had reorganized what had been the Office of Human Genome Research into the 

NHGRI in 1997, funding streams had already become well established between the 

federal government and the San Diego research community.

The history of the Human Genome Project and its development in San Diego 

deserve more space than I will give them here; luckily, the project has been well 

explored by the a host of other historians and sociologists of science that I have 

mentioned throughout this chapter. Crucially for the existence of the WD Lab, its fields 

and funding channels had been developing for the decades that I have been describing 

(sometimes in detail) in the preceding pages. UCSD and the four other research 

institutes that I named above are the institutional backbone of the Somerset 

Consortium, the organizations that attracted funding and local political approval for the 

construction of the building that the WD Lab shares. The ENCODE project, described in 

the previous chapter, was envisioned as a direct successor to the Human Genome 

Project, both in its substance (the investigation of genomic elements and their 

interactions along the discovered humane genome) and in its institutional organization. 

And the WD Lab continues to use, tune, and iterate upon the methods of molecular 

biology and bioinformatics that developed throughout the 20th century. In the chapters 

to follow, I will engage with how the inhabitants of the WD Lab live with the ecology of 

these sociotechnical arrangements.
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Chapter 3: The Collaborative Negotiation of A Bioinformatic Problem

“‘I wonder what was in that box?’” ‘I wonder’ ‘I wonder’ ‘I wonder’"
- George Herriman, “Krazy Kat,”  5/18/1919 (Figure 3-1)

In the WD Lab, members regularly articulate and discuss their work in process in 

everyday settings. But, distributed as the lab is amongst spaces, projects, and 

substantive expertise, the lab also has a regular, more formalized method for ensuring 

communication as a community. These take the form of weekly laboratory meetings, in 

which members present their ongoing work to the assembled audience of the lab. 

These meetings have some similar dynamics to those within other workplace settings, 

and face a similar variety of challenges. These range from difficulties of preserving long 

turns at speaking to seizing opportunities for conversation or intervention. These 

dynamics can involve the negotiation of transitions between the planned agenda of the 

speaker/facilitator and the audience, requiring the maintenance of topics managed and 

coordinated locally (Jefferson 1984; Francis 1986; Anderson, Hughes, and Sharrock 

1987; Boden 1994, 1995; Garcia 1997; Huisman 2001; Barnes 2002; Kangasharju 

2002; Deppermann, Schmitt, and Mondada 2010; Asmuß and Oshima 2012). 

Interdisciplinary coordination, as well as intersecting complications of the perceived 
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pedagogical purposes of lab meeting, further complicate how lab members traverse this 

conversational terrain. Through the ongoing, developing work of that traversal, lab 

members respecify both interdisciplinarity and its objects within situated action. 

Within scientific laboratory meetings, a regular opening for interaction involves 

the interpretation of diagrams (Ochs, Jacoby, and Gonzales 1994; Ochs, Gonzales, and 

Jacoby 1996; Becvar, Hollan, and Hutchins 2005). While a presenter may have 

attempted to organize, in advance, a planned and guided reading of a diagram (usually, 

in this lab, as a projected slide), the interpretation of that diagram by both presenter and 

audience in situ presents simultaneous interactional and substantive opportunities and 

troubles. Such interpretation involves the use of the multimodal, scenic, ecological 

resources at hand within lab meeting, but also presents an opportunity for the exercise 

(and, in a pedagogical sense, local demonstration) of professional vision (C. Goodwin 

1994, C. Goodwin and M. Goodwin 1995). This “vision” is, as the Goodwins argue, not 

only related to a visual way of encountering the world, but a complex multimodal and 

semiotic gestalt.

That gestalt is complicated when it becomes evident that it is not fully shared 

between inhabitants of the same situation. This is both a challenge and the promise that 

interdisciplinary research teams encounter. As a team, members encounter one another 

in ways that require that they make their perceptions public– in this regard, I am 

interested in perception as it is made publicly observable. This is not a process 

conducted by any individual member, but rather is a process that is constituted 

situationally. Developing understanding together is a social process of temporally 

unfolding interaction.
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Laboratory meeting is a setting in which lab members are faced with making their 

own perceptions explicit to others as presenters, but it is also a situation in which people 

constitute themselves as hearers, interlocutors, critics, and collaborators. As such, 

understanding is demonstrated not only through sequentially unfolding action (as talk 

frequently is), but through simultaneous, multimodal action. Understanding is not only 

shown in the next turn of talk, as conversation analysts have often explored (Sacks 

1992a and 1992b; Sacks, Schegloff, and Jefferson 1978; Schegloff 2007; Heritage 

2012), but is realized and displayed in finely tuned embodied action (Goodwin and 

Goodwin 1995; Mondada 2007 and 2009; Heath, Hindmarsh and Luff 2010; Alač 2011; 

Goodwin 2018; Smith 2018). Despite a structure that hinges on how a presenter is 

given long turns to introduce and explain topics, lab meetings in the WD Lab invite 

interruption and, at times, prolonged debate. These departures from the plan of a 

presentation, while expected by presenters, are nonetheless improvisational, 

responsive achievements.

Initially, I only sat in meetings and took notes, very rarely venturing a comment 

and rarely and awkwardly lingering after the meetings were over. I was often, jokingly, 

accused of being a spy. The first time that I brought a video camera with me  was to 63

record the first lab meeting that I gave, at which I discussed some preliminary findings 

of recurring features of talk in lab meetings. After that introduction to video, I began to 

record lab meetings, first regularly and then irregularly, until fall (or what passes for fall 

in San Diego) began in 2017.

 This did not diminish the quantity of jokes directed at my alleged spying activities, although their 63

repetition did diminish their quality.
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Lab meetings are of interest to me not only for their communicative structure, but 

for what the attempts to communicate within them signify about the ongoing work of the 

lab. As Deppermann et. al. noted, meetings are often multiparty conversations, often 

influenced by an “organizational footprint,” like an agenda, schedule of presenters, or a 

moderator. (2010, 1702) Lab meetings are similar, with a junior lab member (usually a 

staff member or graduate student) delegated to the role of sending out weekly 

reminders of the lab meeting calendar, listing the speakers for each week. Arthur, as the 

PI, is frequently deferred to, particularly when conversations involve more people than 

the presenter and a single interlocutor. And most lab members prepare slides and at 

least a rough outline to speak alongside them, providing a sequential framework that, 

while often departed from, is present as a resource that can be used to progress 

through (and eventually conclude) a presentation. 

Moving between the prepared resources of lab meeting and more spontaneous 

interruptions, whether those entail requests for clarification or more pointed critiques, 

involves the practical troubles variously described in the ethnomethodological and 

conversation analytic literature. Previous investigators have examined how transitions 

are made between talk deemed troublesome and more sanctioned topics (Jefferson 

1984); how negotiations are conducted and decisions are made (Francis 1986, Boden 

1995, Garcia 1997, Huisman 2001, Asmuß and Oshima 2012); how turns within 

meetings are opened or closed (Boden 1994); how multiple parties align within a 

disagreement (Kangasharju 2002); and how problems are recognized, emerging 

throughout an interaction (Anderson et. al. 1987). 
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The meeting, as a particular and enduring form of interaction by which people 

work together. Given the purposefully overlapping, but not co-extensive teamwork that 

contemporary genomic research requires, it is perhaps unsurprising that meetings are 

one of the most stable characteristics temporal organization of the WD Lab. That same 

complex of distributed expertise and work results in a number of interactional troubles, 

with lab meeting as a setting in which the inhabitants of the lab might be made to 

explain themselves at length. For that reason, out of the 30 meetings that I recorded 

(either with field notes or on video), I became most interested in a meeting that was 

oriented around the discussion of a bioinformatic problem.

§3.1 Lab Meeting Attendance as Ethnographic Immersion

Lab meeting formed a point of departure for my study of interdisciplinary work 

within the WD Lab. In June 2013, a few days after the end of my first year as a graduate 

student at UCSD, I met with Arthur for the first time. I was struck by a few qualities of 

the Somerset Consortium on my to his office, including the carefully controlled entry to 

the hallway with the building’s elevators. On the ground floor of the building, there is a 

large atrium, a large meeting room, bathrooms (including showers and locker rooms for 

those who commute by bicycle), and a front desk, usually with two staff. They required 

that I sign in and called up to the WD Lab to make sure that I was expected. Then, 

through a door that other, more regular inhabitants of the building accessed with key 

fobs, I walked into a hallway with elevators on one side and glass walled offices for the 

some of the consortium’s directors on the other. 
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I took the elevators up a few floors and found myself in a maze of glass walled 

conference rooms, some of which you could see through to the other side. In one of 

them, I spotted Peter at a desk with a half cubicle wall, looking intently at a computer 

monitor. Over some of the glass walls the building’s designers had placed vinyl decals 

with the consortium’s icon– a series of gradually larger circles, their edges touching, 

suggesting either a collection of cells in perspective or two closed helixes. These were 

sometimes accompanied by inspirational quotes, to the tune of “none of us is as smart 

as all of us.”

Meeting with Arthur for the first time, we discussed the kind of study that I wanted 

to do and what I thought I could contribute to the lab. I mentioned other laboratory 

studies, and the possibility that I might offer lab members a different perspective on their 

own work and ways of collaborating with one another. While we met, Arthur asked me to 

describe my method, and, after attempting to describe ethnography, I settled on, “the 

fine sociological art of hanging out.” After that, I started to talk about different varieties of 

expertise, from computational, to biological, to interactional. After letting me run on like 

that for a few minutes, Arthur said, “I get your method. What is your question?” I started 

to sputter, and settled on, “How do the tacit competencies people bring to the lab impact 

the process of research?” 

This was not particularly intelligible. Nonetheless, Arthur seemed satisfied 

enough that I had managed to articulate something in the form of a single question, 

without additional, elliptical, sociological baggage. He suggested that I start by sitting in 

on lab meetings. Those meetings, he suggested, were settings in which I was sure to 

witness lab members attempting to communicate to one another. 
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I might have replied that I could see lab members work together in a more 

everyday manner, but I thought that it would be best to take up Arthur’s invitation. Aside 

from some encounters with ecology, first as an undergraduate and then, briefly, in a 

single graduate course that I took while in pursuit of my MA in social science, I did not 

have much experience with biology. I had virtually no experience with bioinformatics 

and, despite becoming better friends with Peter, I still had trouble wrapping my head 

around what it was, exactly, that bioinformaticians did. It seemed like a good idea to first 

head to lab meetings to try and see how lab members tried to explain their work to one 

another before observing, talking, and maybe working with them, myself.

Over the next few months, I would regularly run or bicycle from graduate housing 

or the sociology department to the Somerset Consortium building. I would sign in, 

sometimes with the front desk operator recognizing me, and sometimes with the front 

desk operator calling upstairs. I came to hope that Peter, or one of the colleagues that I 

had introduced myself to before or after laboratory meeting, would answer the phone in 

some way that would cause the door to be open to the bank of elevators. Then, I would 

head upstairs and wind my way past the office room where Peter worked. I learned that 

the members of the lab referred to that room as the “dry lab,” on account of its contrast 

with the “wet lab,” in which biological samples and chemical reagents were handled. 

This distinction between the “wet” and “dry” lab was also frequently used by lab 

members as a shorthand for the kind of work that a lab member most frequently did– if it 

was primarily computational, informatics work, they were probably from the dry lab. If it 

was primarily experimental, hands-on biological work, then they were likely from the wet 

lab.
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To get to the wet lab from the dry lab, I had to pass through a few sets of doors 

and down a hallway. It occupied the other side of the building and had a drastically 

different layout involving more traditional laboratory benches, shelving, refrigerators for 

sample storage, and a tissue culture room with fume hoods and digital (as well as 

optical) microscopes. As an additional difference to the dry lab, the wet lab shared 

space with members of other labs. On the windows that were placed next to the 

entrances and exits of the wet lab, vinyl decals read “Welcome to the Neighborhood.” 

The doors also had, in more ad-hoc, printed signs, instructions for which doors might be 

opened with “gloves,” “clean gloves,” or “no gloves,” in an effort to avoid both sample 

and human contamination. Two break rooms, both of which had internal stairwells, were 

situated in the midpoint of the building, one with a larger refrigerator and microwave for 

human food rather than biological samples. The door to the break rooms was marked 

with “no gloves.”

In the first few months after I began attending lab meetings, they met on the 

same floor in yet another conference room in the corner of the building. The room was 

equipped with a large projector, a large wooden table, and video conferencing 

equipment that occupied some of the ceiling, walls, and the center of the table. There 

were rarely enough chairs, although the number of attendees would fluctuate. 

Sometimes, there would be students who were only in the lab on a short rotation, or a 

visiting researcher, or members of another lab who were working together on the project 

that a lab member presented. Such movement of people was common. By way of 

demonstration, the first lab meeting that I attended (which Arthur brought me to 

immediately after our initial meeting) was an “exit” presentation given by a trio of local 
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high schoolers who had just completed a few weeks of hands on mentorship and 

experimentation. 

A few months after I arrived, lab meetings moved to a larger room on the first 

floor of the Somerset Consortium building. It was a very different space– to begin with, I  

did not have to do my now ordinary routine with the security guards, telephones, sign-in 

sheets, and elevators to make it to lab meeting. The room also came equipped with 

dozens of large chairs that were arranged theater style, altering the spatial dynamics of 

the room and emphasizing a dynamic between presenter and audience. The expanded 

layout of the room did, however, allow all who attended to take a seat, provided that 

they were not standing with a video camera. This space contains and constrains this 

chapter and the next as I will focus on a pair of laboratory meetings. Each focuses on 

bioinformatics, biology, and interdisciplinary communication in the lab.

§ 3.1 Bioinformatic and Biological Objects in the WD Lab

Bioinformatics, as it is frequently practiced by contemporaries, is a data science 

that analyzes the massive amount of data produced by genomics and genetics. Like 

any data science, bioinformatics is fundamentally interdisciplinary. Unlike some ways of 

working with data, however, the bioinformaticians of the WD Lab most often work with 

locally produced data. Key to the practice of the lab’s bioinformaticians, as one might 

expect, are collaborations with other biologists. Such collaborations have grown in size 

and complexity following the new institutional alignments that developed in the wake of 
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the Human Genome Project (HGP). By investigating the WD Lab, elements of the 

production of Big Data  that often go unobserved may be recognized. 64

Such elements of process are often subsumed into the investigatory frame of 

data science. It can be tempting to see the frame of such problems shift from a data 

supply perspective (one of "if only we could run and analyze that many experiments"), 

to a query perspective (one of "if only we knew in advance whether a question that 

could be solved by the application of this data would be a good one”) (Vasant 2013, 67). 

This binary excludes and obscures the processes of the production of massive 

datasets, particularly the work of quality control (QC). In some ways, QC work consists 

of the policing of "good" and "bad" data and algorithms. QC is most typically done at the 

end of an experimental process, as part of the process of standardizing and transporting 

data, but it can also figure into how those processes might be revised. Here, I will seek 

to demonstrate how a typical problem of quality control is made to matter to lab 

members.

This QC work is situated within the rapidly changing scale of data generation and 

according adjustments in the institutional forms of 21st century biology. As described in 

the previous chapter, bioinformaticians have increasingly worked within consortia or 

interdisciplinary labs as the expanding range of genomic data and techniques available 

for its analysis continues to grow. In earlier incarnations, bioinformatic work was largely 

performed on collections of biological work that were gathered from other laboratories. 

As biology labs were transformed by the HGP and high-throughput genomic sequencing 

 As with other critical scholars of data, information, and science, (e.g. Aranova et. al. 2017; Kennedy et. 64

al. 2015; Strasser and Edwards 2017) I refer here to “Big Data” in capital letters to refer to its 
contemporary usage in scholarly and popular media. 
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technologies,  they have increasingly been able to produce sufficient material for 65

detailed bioinformatic analysis all on their own. These analyses are important not only 

for the local work and publications of the WD Lab but also because they are required in 

order to contribute the ENCODE database. As such, bioinformatic QC work is critical to 

the work of the lab: it maintains its participation in the large-scale collaborations that 

sustain the lab and also plays a role in the development of new experimental processes.

Some points of the development of sequencing techniques can be traced through 

a series of ethnographic studies in science and technology studies. They are essential 

to, if not the direct subject of, Klaus Amann and Karin Knorr Cetina’s work investigating 

the production of visual evidence and images in biology laboratories in the late 1980s 

and early 1990s (Amann and Knorr-Cetina 1988; Knorr-Cetina and Amann 1990). The 

autoradiographs which Knorr Cetina and Amann present were the result of the then-

cutting edge sequencing techniques of the 1980s.  Similarly, the tensions between 66

privately developed sequencing work and those efforts funded through the National 

Institutes of Health (NIH) form the core of Kaushik Sunder Rajan’s investigations into 

the relationship between global capitalism and genomics following the HGP. Sunder 

Rajan establishes his entry into laboratory studies and the field of genomics in an NIH 

laboratory in 1999 just as alignments of public and private genomic consortia were 

increasingly visible as sources of conflict. This is, however, less the topic of his work 

 High-throughput sequencing technologies are referred to as such because of their ability to rapidly 65

inscribe genetic sequences. This is usually accomplished with automated sequencing machines that can 
analyze a set of prepared samples in parallel. Much of the work described in this dissertation, from 
sample preparation to the use of bioinformatic data analysis pipelines, is done around high-throughput 
sequencing technologies. As such, their role in the lab will be elucidated in further detail in an ongoing 
manner.

 As discussed in the previous chapter, the digitization of autoradiographs was concomitant with the 66

formalization of bioinformatics as a field. 
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and more the backdrop for his continued investigations into the “postgenomic” practices 

of biology. Sunder Rajan accurately reflects the attitudes of many molecular biologists 

and bioinformaticians when he writes that “the sequencing of the human genome... is 

today very much conceived of as just the end of the beginning, at a moment when a 

working draft sequence of the human genome is already complete” (Sunder Rajan 

2006, 47). While members of the WD Lab did not describe their work as “postgenomic,” 

their work is very much predicated on the success of the HGP. Today, the lab is capable 

of producing whole genome sequences rapidly and lab members often refer to 

reference elements of the human genome as a check on their working processes and 

experimental findings. 

As described in the previous two chapters, the NHGRI designed the ENCODE 

(ENCyclopedia Of DNA Elements) project as a successor to the HGP in 2003, and 

formatted its requests for proposals accordingly. To recap, the project seeks to 

catalogue all the functional elements in the human genome. The project originally began 

with a pilot study that investigated approximately one percent of the human genome 

sequence. In addition to investigating a biologically interesting region of the genome, 

that pilot enabled the consortium to test out methods of collaboration that would allow 

the project to proceed. In that regard, the initial work of the ENCODE project was as 

much institutional and infrastructural as it was substantive. The pilot phase of the project 

had the participation of eight different laboratories and set the groundwork for data 

management and analysis for the continuing project (ENCODE Project Consortium 

2004). From that time, the project has grown enormously, producing more than 10,000 

sets of experiments in affiliated labs in North America, Europe, and Asia 
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(encodeproject.org, 2017). In the words of a researcher participating in an NIH press 

release, "The ENCODE catalog is like Google Maps for the human genome” (NHGRI 

2012).

To this end, the project employs a variety of sequencing technologies, including 

ChIP-seq and CLIP-seq. When ChIP, or chromatin immunoprecipitation, is combined 

with high-throughput sequencing the resulting data is used to identify the binding sites 

of proteins associated with DNA. CLIP, or cross-linking immunoprecipitation, is similarly 

used to map RNA binding sites.  Both high-throughput sequencing technologies are 67

widely used in contemporary genomic work. In the WD Lab, which specializes in RNA 

biology, the ongoing development of CLIP-seq has been of critical importance.

Landt et. al have outlined how the widespread use of ChIP-seq in the last decade 

has caused benefits but has also exacerbated data quality issues. These issues “affect 

not only primary measurements, but also the ability to compare data from multiple 

studies or to perform integrative analyses across multiple data-types” (Landt et. al 2012, 

1813). These issues of data quality have been more thoroughly considered in relation to 

ChIP-seq than CLIP-seq, resulting in more currently published material on the way that 

standards are discussed and established for the former technology than the latter (for 

example, see Wilbanks and Faccioti 2010 and Daily et. al. 2013). At the time of the 

laboratory meeting analyzed here (the fall of 2014), similar work on CLIP-seq emerged 

 The similarities of both procedures are evident not only in the names, but in that the last phases of 67

sample preparation. For CLIP, biologists use reverse transcriptase to transcribe RNA of interest back into 
DNA, which is then amplified using PCR (polymerase chain reaction). Different varieties of CLIP take 
different algorithmic approaches. These approaches are likewise closely modeled on the bioinformatics of 
ChIP sequencing.
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as a practical necessity for the laboratory’s contributions to the ENCODE project.  68

Since CLIP-seq and its variations require both the work of molecular biologists (who 

manipulate biological materials) and work of bioinformaticians (who develop and handle 

algorithms to analyze the resulting data), it is a technology that requires interdisciplinary 

collaboration.

My own focus on these technologies is that particular laboratory communities 

and situations are built around them. Members of laboratory communities who produce 

CLIP-seq experiments are assembled together by virtue of their different expertise. This 

expertise is blended together in the data pipeline for CLIP-seq. As a blend, this process 

is intriguing in its socio-technical particularity. Interdisciplinary work often becomes 

bound up in trading zones (Galison 1997) or boundary objects (Star and Griesemer 

1989) as members of interdisciplinary scientific communities work to ease or mitigate 

boundaries between their separate understandings. In the case of the WD Lab, efforts 

at such mitigation are given as a reason for laboratory meetings to take place regularly, 

or, for that matter, at all. Laboratory meetings may therefore be considered sites of work 

that enables collaboration not only between laboratory members, but collaboration with 

larger communities like the network of laboratories that makes up the ENCODE project.

I observed that this was particularly salient when lab members discussed the 

CLIP-seq pipeline. QC work was especially important for these discussions, as data 

from CLIP-seq experiments had to adhere to the standards of the ENCODE project in 

 Laboratories and laboratory consortia elsewhere have engaged in similar work: see Haffner et al (2010) 68

on using PAR-CliP to identify the binding sites of RNA binding proteins and Konig et al (2011) on how to 
conduct iCLIP experiments to map protein-RNA interactions. See Van Nostrand et al (2016) for an up to 
date explanation of the eCLIP method and its efficiency for discovering RNA binding protein binding sites, 
complete with a comparison with iCLIP experiments. Significantly for the discussion at hand, Van 
Nostrand et al consider one of the strengths of the eCLIP method to be how closely it resembles ChIP-
seq in its use of inputs. This topic will be further explored in the pages to follow.
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order to be accepted into its database. As a practical matter of building the 

encyclopedia, lab members had to develop data handling practices for CLIP-seq. These 

practices were directly related to the material sustenance of the laboratory. For years 

(from 2012 through 2016), participation in the ENCODE project and the entailed 

processing of hundreds of CLIP-seq experiments provided the laboratory with its single 

largest grant. One could say that the presentation of quality control work for CLIP-seq at 

a laboratory meeting had a dual scope: such a presentation was partially done in order 

to convince local laboratory members of a problem within their own data pipeline and 

was also motivated by concerns with how the lab could adhere to the standards of data 

required by the ENCODE project.

This is where boundary objects in the form of typifications and standards take on 

additional importance for this case. Star and Griesemer rightly point out that typifications 

gain much of their usefulness from their vagueness. Standards, by contrast, are meant 

to travel (1989, 410). Star and Griesemer invoke Latour’s “immutable mobiles” by way 

of further explanation, those scientific objects meant to be composed out of composited 

inscriptions. Latour sees mobility as essential to authority and trust in the sciences 

(Latour, 1986), and indeed it is a crucial ingredient to the establishment of a standard. 

The stability of such a standard is proposed by both Latour and Star and Griesemer as 

a quality necessary in order for its travel. However, in this case it is precisely the 

immutability or stability of a standard which would be an issue: while a standard may 

need to be stabilized to travel, it takes on indexical qualities in use. In this way, my work 

is less concerned with immutable mobiles and standards as boundary objects, and 

more about the development of a standard through and in the work of quality control.
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§ 3.2 Introducing Laboratory Meeting with Peter

Quality assurance within the lab as well as the ENCODE project formed the basis 

of a lab meeting that I recorded a few months after I began observing and participating 

within the WD Lab. The meeting was led by Peter, the graduate student bioinformatician 

who I introduced at the beginning of the first chapter. As I mentioned  above, there are a 

variety of algorithms that bioinformaticians use to analyze CLIP data. To introduce the 

topics of his meeting, Peter provided a gloss of his working methods. At the beginning of 

his presentation, Peter joked about the measures he employed to compare the varieties 

of CLIP experiments conducted by the lab.  He also joked that he pushed his 69

colleagues into following his procedures for validating their experiments:

1 Peter: When I analyze >When I try to analyze when I try to do QC on these
2 things, uh it’s really important to have ˚uh˚ >the same RBP and the same 
3 cell type and, because it’s worked ^in the pa:st we’ve settled on, FOX2s 
4 and two nine-f-fifty three cells to try to, to try to validate out these 
5 programs. (.) h (.) >and by “we’ve settled” >Imean I’ve settled >on-and, 

 In Peter’s opening remark in which he is outlining the technologies under comparison. He says of the 69

Guttman CLIP (one of the CLIP-seq experimental protocols that he compared) that, “it does some crazy 
magic that I’m not, ^qu:ite sure >how it ^works. But, it, >does some size selection via, via col^ums,s, and. 
>also does the two step ligation instead of the circularization.”

As I will be using the transcription conventions for conversation analysis invented by Jefferson and 
iterated upon by Goodwin, Alač, and Mondada, the reader may want to consult the appendix for 
transcription conventions. In this chapter, I will be making use of the most recent version of Mondada’s 
conventions (initially created in 2001 but current to 2014) for embodied actions coupled with those of 
Jefferson (2004). From this point on in the dissertation, I will employ different variations of conversation 
analytic transcription. I am attuned to the overwhelming amount of detail that can be presented with this 
visual technology, and as such I make attempts throughout the dissertation to appropriately simplify my 
transcriptional and diagrammatic practices to the phenomena at hand. This chapter consists of a 
dedicated effort at analyzing talk as action along with co-speech gestures and their precision timing within 
the environment of lab meeting. As such, I have closely followed many of Mondada’s techniques. In later 
chapters, I focus more on turn taking within conversation, socio-material interactions, and co-operative 
action. I have adjusted my transcription conventions and practices accordingly.
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6 browbeat the rest of you guys into #generating data for me#

In this introductory gloss, Peter illustrated much of the phenomenon of quality 

control in this laboratory. He emphasized the importance of steadily using the same 

biological materials, in terms of RBPs (RNA Binding Proteins) and cell types. He further 

specified these materials as the FOX2 family of RBPs and 2953 cells. He also made 

reference to his dependance, which, as a bioinformatician, he has on the other 

members of the lab who manipulate these materials and generate data for his work.

I interpret this from Peter’s repetition and transformation of his previous 

materials, first evident in his structure-preserving transformation (Goodwin 2013) of his 

utterances in line 1, in which Peter moved from “When I analyze” to a hurried “When I 

try to analyze”, to a further “when I try to do QC on these things”. Peter first incorporated 

a “try to”, and then transformed and specified “analyze” into “do QC on these things.” 

While Peter made use of structure preserving transformation to specify “analysis,” he 

left “these things” specifically vague. The specific vagueness of this utterance stands in 

an indexical relationship to the background understandings involved in how laboratory 

members conduct the mundane situation of laboratory meeting, where the objects of 

Peter’s analysis (“these things”) does not seem to have required the specification that 

“analysis” itself did, in terms of the specific work of quality control.

Peter then further specified some of the conditions of his quality control work. 

First, he said that it was important to use the same RNA binding protein (“RBP”), a 

somewhat obvious control measure. In alluding to the work of the past, Peter broadened 
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out of the immediate situation and retrospectively referred to the past work of the 

laboratory as guiding his choice of working procedures and objects.

Before Peter returned to his more prepared remarks, he took another opportunity 

to bring the work of the laboratory and its structure into the interaction. This involved 

another, more subtle transformation in which Peter transformed the “we” work of the 

laboratory into an “I”, reinforcing his individual relationship to his quality control work.  70

In doing so, Peter re-used and transformed his previous words. In this way, Peter 

established a complex footing between himself and his laboratory. Peter laminated  71

himself and the “we” of the laboratory further in his self-deprecating remark about 

“browbeating” and the decisions for which he has made himself individually responsible. 

This is compounded by how Peter’s closed the sequence in which he acknowledged the 

importance of his collaborators in the generation of his data.

§ 3.3 Developing a Bioinformatic Problem

As I described above, in this meeting Peter was concerned with his efforts at 

quality control. This concern was motivated by his position as a bioinformatician in an 

interdisciplinary laboratory, a role that makes him partly responsible for the maintenance 

of the lab’s connection to the ENCODE project. Even so, Peter did not depict his 

 In this, Peter is similar to Nevile’s “PF” (or “Pilot Flying”), who similarly deployed ‘I/we’ forms in order to 70

“present some immediate decision or action as undertaken in his individual identity as PF and in control of 
the plane, rather than by both pilots as a crew” (Nevile, 2004, 60).

 My use of “laminated action” here is itself laminated, as I am following Goodwin’s remarks on 71

Goffman’s analytical resource. Like Goodwin, I am not borrowing Goffman’s model but adapting a term 
with a useful connotation. Lamination in Goodwin’s usage encompasses the way that the sequential (and, 
through the mobilization of multiple semiotic resources and participants, often simultaneous) unfolding of 
actions can merge and transform their meanings. Lamination, then, “might contain the quite different 
voices of a character being animated, and the stance and commentary of the current speaker on the talk 
being quoted” (Goodwin 2013, 12; Goffman 1981, 124-59).
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concern as one that his fellow lab members would necessarily share. The prime 

phenomena of interest for me, then, is how Peter, together with his interlocutors, 

attempted to render his problems as important problems for the whole laboratory.

The most drastic example of this phenomena took place over the course of about 

two and a half minutes. In that time, multiple members of the laboratory debated the 

problem that Peter presented to the laboratory. Within this sequence, some of the 

members’ actions could be considered attempts at clarification; attempts at public 

performance and laboratory teaching; attempts to deflate the importance of the 

problems at hand while establishing ones’ own competence; and some actions could be 

considered attempts at resolution. 

Unlike the excerpt that I presented in the section above, this situation took place 

in the middle of Peter’s presentation. Within Peter’s organization of his presentation, 

this situation took place under the second bullet point (“Biologically”) and third dash 

(“Number of Peaks”). “Peaks” are displayed by CLIP-seq experiments when a high 

concentration of proteins are found along a length of RNA. Due to the massive amount 

of data produced by CLIP-seq experiments, this level of concentration is understood as 

a statistical object. Rather than signaling a high concentration of one protein to one 

gene, “peaks” represent a confidence level of a high concentration of the same protein 

to the same length of RNA, replicated many times. 

In the slide at hand for this excerpt (Figure 3-2), Peter provided a graphical 

visualization how well different CLIP-seq algorithms, including iCLIP, DirectIP, Guttman 

CLIP, and Randomer + Barcode, could recover concentrations of the FOX2 protein 

along a sequence of RNA (a “motif”) that had been previously determined as a binding 
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site for that protein. In this case, Peter found that the iCLIP algorithm recovered the 

highest percentage of FOX2 peaks that overlap with the GCAUG motif.  72

Figure 3-2: The slide that Peter and the audience had ready-to-hand during this 
conversation. I have reproduced the slide as a matter of visual clarity. 

 

This slide, and the prior talk accompanying its presentation, serve as material 

and sequential resources for the situation. As such, the slide is part of the field for 

interaction and was manipulated in talk and action by multiple parties in the course of 

 RNA has 4 nitrogenous bases (3 of which are the same as those found in DNA): guanine, uracil, 72

adenine, and cytosine. As such the “GCAUG motif” refers to a sequence of RNA with the bases, one after 
the other, of guanine, cytosine, adenine, uracil, and then guanine. This motif has been established by the 
lab (and other investigators) as a regular binding site for the FOX2 protein.
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the situation. These parties include not only Peter, but also a postdoctoral researcher 

here identified as Imogen; the PI of the laboratory, here identified as Arthur; the 

aforementioned new project scientist, here identified as Luke; and a graduate student 

colleague of Peter’s, here identified as Claude.

In the section above, I provided an excerpt to illustrate how Peter positioned his 

QC work in the context of the lab. The slide that I included here as figure 3-2 further 

specifies this work and presents a graphical representation of Peter’s problem: namely, 

that most algorithms meant to recover motifs associated with the FOX2 program were 

only successful in small instances. Even for the best performer of the bunch, iCLIP, only 

correctly identified 50% of the percent of the peaks associated with the motif. This 

association was accomplished by comparison with a “reference genome,” a database 

assembled out of a number of different donors that is meant to represent a baseline 

example of human genes. The WD Lab and others have already conducted numerous 

sequencing experiments to discover where the FOX2 protein binds to the genome. 

Peter, with this comparison in hand, had tested several datasets that were produced 

from different types of sequencing experiments. He had then compared them with the 

reference genome to see how accurate they had been at identifying known overlaps 

between the FOX2 proteins and its associated genetic motif. The results of this 

comparison, as Peter would soon explain, were not good.

Notably, increasing the number of reads (that is, the amount of data produced by 

the CLIP-seq experiment, or the total number of RNA sequences included and then 

statistically compared) did not do much to increase the success of iCLIP or any of the 

other algorithms under comparison. In other words, Peter’s problem was this– most of 
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the lab’s experiments could not reliably detect the phenomena of interest. Furthermore, 

this was a problem that did not seem as though it could be solved by giving the 

algorithm more data. Something in the experimental part of the process, the part that 

Peter (as a bioinformatician) had little to do with, would need to change.

As a complicated problem, this required some explanation. As a local political 

problem, given the interdisciplinary organization of the lab, the problem required some 

further negotiation. This began when Imogen, a postdoctoral researcher and 

bioinformatician, interrupted and posed a clarifying question to Peter: 73

1  Peter:  Okay. . 
  P turns whole body in direction of screen 

2  Imogen:  But,                       so 
  I meets Peter‘s gaze    ... raising right arm 

       P turns back to face Imogen --->> *   
3     again 
       I --- extends index finger to point at slide 
4   back to like, the highest 
       I --- circles index finger
5    ranked peaks      for like MALAT-1 

  I ,,, lowers arm    punctuation with left hand 
                  A Turns to look at Imogen -->> 

6   it's so    they could be your high 
                          I rotates left palm out towards screen 

         A --- returns gaze to front         
7   confidence but you're testing 
                   I looks towards Peter -->> 

      A tilts head towards Peter -->> 
8 to see if this motif occurs in them.  And, so is it 

I ... circular swing from elbow -->> 
9 that they just have a lot of backgro:^und?

 As in the prior sequence included in this paper, this segment makes use of conversation analytic 73

notation. Unlike the prior sequence, this one (and most of the examples from here to the end of the 
paper) depict the interactions of multiple parties, including talk and action. This requires an additional 
layer of complexity as multiple parties may be acting during a segment of talk from a single speaker. This 
layer of complexity takes the form of a gestural signifier for each party. The timing of actions overlapping 
with a speaker’s talk are indicated by the letter of participants’ first initials– “P” for Peter, “I” for Imogen, 
“A” for Arthur, and so on as more interlocutors are introduced. These letters are indicated in bold prior to 
the described action. Spacing indicates where an action overlapped with talk, with each utterance given a 
line number.
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    I --,, left hand moves side to side from elbow 
            I juts head towards Peter -->> 

In this sequence, Imogen provided further explanation and clarification of the 

biological basis of Peter’s problem. Imogen invoked MALAT-1, a non-coding RNA that is 

regularly found at highly conserved levels amongst mammals and highly expressed in 

the nucleus. As such, it is often part of the “background,” noise that does not help in the 

work of identifying which RNA binding proteins connect to which RNA binding sites. If 

one is running a CLIP-seq experiment to find RNA binding sites, one might expect to 

find a great deal of peaks corresponding to MALAT-1. There is enough of it in the cell 

that it can drown out less concentrated signals. This poses a potential problem for the 

more specific peak finding which Peter was testing– an experiment might recover peaks 

of FOX2 along MALAT-1, but that does not mean that its actually identifying a specific 

binding site of interest (like the GCAUG motif).

In addition to the shared resources of bioinformatic understanding that Peter and 

Imogen brought to this situation, they also made prominent use of their material ecology 

in the form of their bodies, the projected slide, and regularities conversational style at 

laboratory meetings. The sequence began with an attempted closure by Peter as he 

publicly confirmed the closure of a previous sequence of talk, announcing, “Okay” while 

pausing and turning his whole body in the direction of the screen. This provided a pause 

that Imogen used to establish her turn in talk, gaze, gesture, and torso position as she 

made use of his projected slide to open a new avenue of questioning. Imogen’s 

clarification made use of the materials of Peter’s slide and presentation, even while 

Imogen extended the example at hand by referring to MALAT-1. For example, when 
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Imogen referred to “highest ranked peaks” in lines 4 and 5, she not only made use of 

the concept “peaks” but also created, in her circling gesture in the direction of the 

projected slide, an embodied relation to the signs that Peter made publicly available and 

ready-to-hand.

Imogen established the relevance of her turn inside of the ongoing process of 

Peter’s presentation with her simultaneous verbal and embodied engagement with 

Peter and his slide. However, there are more participants in the situation than only 

Imogen and Peter, even if they are the speakers in this sequence. Arthur (denoted in 

this sequence by “A” as his communication at this point is purely done through bodily 

movements rather than verbal engagement) swiveled his head and his gaze to face 

Imogen as she mentioned MALAT-1. Following this mention, Arthur first returned his 

gaze to the projected slide, and then, inclining his head, to Peter. In this way, he 

acknowledged Imogen’s effort and aligned with her question to Peter.  Imogen then 74

moved in a similar way, jutting her head at Peter as she concluded her turn. Together, 

Imogen and Arthur’s bodily actions made Peter accountable as the next speaker and 

the person to either incorporate or reject Imogen’s elaboration of the problem at hand. 

While Peter may have been the one to bring the problem to the situation, Imogen and 

Arthur’s actions distributed the constitution of the problem to multiple parties. Through 

her artful interruption, achieved with the ordinary resources of lab meeting (bodily and in 

 This bodily action provided a nonverbal alignment reminiscent of those described in Maynard’s 1986 74

work on multi-party alignment. The way that Imogen secured her turn in part with gaze, and the way that 
Arthur nonverbally used his gaze to show attention to both Imogen and Peter is also similar to uses of 
gaze described by Goodwin (1980). Ethnomethodological and conversation analytic scholars might 
further consider how action, especially in multi-party situations, proceeds along multiple, simultaneously 
available and recognizable modalities rather than focusing on dyadic pairs of speakers in sequence. As 
illustrated here, the simultaneity of human action is a noticeable and relevant feature of ongoing work and 
conversation. Put simply, there is more in the situation than talk, and people other than those who are 
speaking may also be communicating.
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terms of the projected slide and Peter’s prior talk), Imogen made Peter’s problem one 

that could be publicly operated upon by the other members of the lab. As such, from this 

point, it was no longer simply Peter’s problem: rather, it was the developingly available 

bioinformatic problem at hand.75

This state of incipient participation is already observable in Arthur’s gaze and 

bodily positioning during Imogen and Peter’s exchange. Shortly after the excerpt above, 

Arthur increased his involvement in the situation, although he initially did so as a 

facilitator:

10 Peter:  =yeah, so it's [it's noise] 
          P ------------------------->> 
11 Imogen:                [^in them?]    ˚k˚ 

             I --,,,,,,,,     touches left ear 
12 Arthur:  ˚ so, repeat the question       for them˚ 
           A left arm curls to shoulder        right arm over shoulder
13 Peter: >Ohyeah 
          A turns to look at Luke 
14 so the question is…

Arthur followed Peter’s confirmation of Imogen’s clarification (and her acceptance 

of his response) with a request that Peter perform the clarification as a presenter. In so 

doing, Arthur’s requested that Peter return to a frame as a presenter rather than a 

conversational co-participant with Imogen. Arthur did this quietly, emphasizing his 

participation as a facilitator rather than, at the moment, a member interested in adding 

his own clarification or elaboration to the problem at hand. He accomplished this by 

subtly gesturing over his should while saying, “for them,” indicating the majority of lab 

members seated behind him and Imogen. This multimodal complex of actions displayed 

 In this way, it was similar to the work of discovery, accomplished through ordinary action and a night’s 75

work on the ‘shop floor’ as explored by Garfinkel et. al. (1981).
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Arthur's approach to the pedagogy of laboratory meeting. Imogen and Peter may 

together have arrived at an agreement that the “background” consists of “noise” (on 

lines 10 and 11), but the significance of this agreement may not have been understood 

by the rest of the audience. Arthur, recognizing the potential benefit of this clarification, 

requested that Peter incorporate it as a presenter rather than as an interlocutor. Arthur’s 

request was a skillful negotiation of the structures of laboratory meeting, in which a 

close exchange between individual laboratory members who share expertise can be 

transformed into an opportunity for more widespread interdisciplinary communication.

On lines 13 and 14, Peter agreed to Arthur’s request and began his clarification 

by rephrasing Imogen’s question. As he did so, Arthur turned his attention to Luke, 

designating him through gaze as accountable for some response to the ongoing 

situation. Luke is a long-time colleague of Arthur’s who had joined the lab as a senior 

project scientist. His potion was somewhat more powerful than a postdoc and he was 

routinely placed as the local supervisor of the lab when Arthur traveled. As can be seen 

in the next excerpt below, Arthur made particular efforts to bring Luke into the interaction 

as a participant in the clarification of Peter’s problem.

This designation is an example of the elaboration that an embodied interaction 

approach can bring to that of a more traditional conversation analytic approach. In their 

foundational conversation analytic study, Sacks, Schegloff, and Jefferson’s (1978) focus 

on the verbal elements of conversation might lead one to understand that next-speaker 

designations occur primarily within a turn of talk. While Arthur’s action during Peter’s 

spoken turn on line 13 did not designate Luke as the next speaker– it is an action with a 

longer horizon– it did make Luke accountable as an incipient participant in the ongoing 
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situation. These gestural elements of interaction must be recognized if we are to avoid a 

picture of conversation where the serial pairing of participants (coupled with the 

subcategory of “overhearers” ) is thought to be the primary locus of action. For the 76

purposes of tracing a developingly understandable bioinformatic problem as it was 

accomplished through in situ ordinary action, a verbally-focused attention on pair parts 

and turn taking does not capture all of the crucial work managed by the multiple parties 

within the laboratory audience. The bioinformatic problem at hand was developed 

throughout a trajectory of action, with participants displaying orientation and attention 

towards one another’s actions as well as talk.

Following Peter’s attempt to summarize and incorporate Imogen’s elaboration of 

the problem as a presenter (which took place in the intervening turns between lines 14 

and 37), Arthur provided a summary of the problem and a candidate direction in which 

work could be done on it:

37 Arthur:  >so so right now  
           P Peter looks in the direction of Arthur -->>
38 the peak calling doesn’t really downgrades if a ≈ substrate 
39 is expressed
40 Peter:  Yeah 

     P looks down
41 Arthur: really highly versus not 
           P right palm away from body 

       P right palm back to body 
      P looking towards Luke -->>
  L looking at Arthur, rolls head to look at Peter

42  ri:˘ght, so that’s what you’re trying to do next.     
            P looks in direction of Peter               rapidly nods 

 See Goffman, 1981, especially “Footing” §IV and “Radio Talk” pt. 4. It should be noted that in these 76

sections Goffman goes a bit further than mere marginalization of multiple parties to talk. Rather, in 
“Footing” Goffman concerns himself with the ways that those who are not “official participants” in an 
encounter might have caught some of a conversation. Goffman distinguishes between eavesdropping and 
overhearing, along the way making a comment relevant to many academic conversational settings: “a 
ratified participant may not be listening, and someone listening may not be a ratified participant” (132).
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P nods            
       I nods 

Arthur’s iteration of the developing problem consisted of a more technical and 

abstract phrasing of Imogen’s example: he referred to the failure of peak calling 

algorithms to “downgrade” depending on levels of genetic expression (“a substrate is 

expressed”). As it currently stood, the problem was that the CLIP-seq experiments 

under comparison were unable to correctly identify expressed genes in the face of noise 

from a cellular substrate. Arthur secured Peter’s agreement to his transformation of this 

problem through talk, gaze, and by nodding, and Peter and Imogen reciprocated his 

nod. 

Before Arthur and Peter closed this portion of the sequence, Arthur continued his 

attempts to enroll Luke in the conversation. At the same time that he verbally and 

gesturally depicted high or low expression (in which he accompanied “high” with a hand 

movement away from the body, and its opposite by accompanied by a return 

movement), Arthur turned his head to Luke. Luke reciprocated Arthur’s gaze and head 

positioning until he rolled his head back on his neck to look in the Peter’s direction. 

Seeing this, Arthur moved to close out the sequence and its problem by projecting the 

next step of Peter’s presentation.

While Arthur managed to secure agreement in his phrasing of the bioinformatic 

problem, Luke used that moment to voice an objection to the importance of the problem:

43 Luke: but you are doing 
    L still leaning back, face turned to GS 

  A brings left hand to chin -->>
44  that a little bit by saying that you, uh,  use the 

A turns head to look at PS -->>     L nods ----
45 whole coverage on that transcript as  you’re, 
           L -------------- ß ß                 outlines a small box with hands -->
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46 Luke:  [uh
47 Peter: [a little bit, yeah]
48 Luke:  [adding a  control.]

      L --,,,,,,,,, 

Luke began by verbally emphasizing (while maintaining an otherwise relaxed 

posture) that Peter must already be addressing his problem. If Peter was already using 

the “whole… transcript” (line 45) of a cell, then he could conceivably determine what 

genes were highly expressed and control for them, allowing signals that would 

otherwise be drowned out to emerge. If Peter was already taking such steps to control 

the comparison, then why would the difficulty presented by differential levels of 

expression in the substrate be such a problem? Luke’s claim that Peter is already on 

top of the problem comes off as a deflation: how big, after all, could a problem be if it 

was already being addressed by a quality control procedure? As Luke verbally posed 

this challenge, he also symbolically minimized the problem by outlining a small box in 

front of him with his hands.

Of course, Luke’s challenge was met with resistance. In this case, Arthur and 

Peter simultaneously verbally responded to his challenge, with Arthur securing the turn 

in part through more rapid talk. Once he began talking, Arthur further transformed the 

problem by further emphasizing its statistical, rather than biological character. He did 

this by further transforming how the problem was being done in talk and action from the 

previous work by Imogen and Peter, who incorporated Peter’s slide through indexical 

gesture. Instead of referring back to the relatively static projection, Arthur proceeded to 

gesturally animate the shape of different statistical distributions: 

49 Peter: [bu:˘t]
50 Arthur:     [>but that is]  but then it’s something 
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   A raises hands in front, pinching thumb and index fingers 
 L turns to look at Arthur >>

51 it’s still a very strong ver-versus           
A .......... raises left arm in straight line ------>>

Figure 3-3 - Arthur raises his left arm 

       A right hand beats 
52 the other one. It still gets the     

A moves right arm in a horizontal line 

Figure 3-4 - Arthur moves right arm in 
horizontal line

53 high  
P moves right arm up to align with left hand’s held position

54  p-val:ue, 
P two syllabic beats with right hand
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Where Imogen made concrete, indexical reference to the projected slide, Arthur’s 

rejoinder to Luke’s challenge consisted of a more flexible, animated form of 

communication and reasoning. In other words, Arthur embodied diagrammatic 

reasoning. Arthur used large, bold gestures to sketch and transform a graph in midair. 

This graph made use of the resources of Peter’s projected slide not as a stable, 

concrete reference but rather as a structural resource to be transformed and animated 

in action. The axis of the graph are the first elements that Arthur sketched out, but as he 

continued his explanation, he experimented with ways to gesturally demonstrate Peter’s 

statistical reasoning. This can be accomplished with diagrammatic gesture more easily 

than with direct, indexical gesture to the slide, as demonstrated by Arthur’s ability to 

sketch graphs of different relationships between peaks and edit them as he goes. With 

this gesture, Arthur could do what the stabilized materials of the slide could not do by 

themselves: he could publicly draw and transpose distributions in close coordination 

with an interlocutor. 

Verbally, Arthur did little more than emphatically restate what he said before in 

lines 38-41. However, in terms of multimodally action, Arthur communicated in an 

exceptional way. By making his gestures large and sharp, he simultaneously brought his 

own explanation to the public attention of the laboratory audience while he also enacted 

Peter’s reasoning. Arthur animated this process of reasoning through the use of graphs 

and their different forms. This differed significantly from the projected graph, which is 

more fixed in its representation. By gesturally enacting his own graphical frame, Arthur 

communicated more flexibly, making use of the resources in the meeting room– that is, 

his position relative to Peter and the audience, his words, his gestures, his knowledge of 
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Peter’s process, and the graphical form that bioinformatic work often takes. No longer 

present in the problem, at least as Arthur presented it, were references to particular bits 

of RNA (like MALAT-1) or particular proteins (like FOX2). Arthur replaced those 

biological entities with ephemeral graphs corresponding to distributions of distributions. 

The leap in Arthur’s level of statistical abstraction here is profound, and it serves the 

purpose of moving the situation to its most abstract and technical place:

58 Arthur: But if, 
      A symmetrically places both hands, palms down, with fingers pointing 
      towards one another, at mid torso 

59    but if 
   A moves both hands upwards, over his head, and brings palms apart 

60    the transcript is, >#you know# 
   A lowers both hands back to the previous position 

61   it’s it’s a differential 
         A ......... again sketches axis by pinching fingers raising his left arm and moving 

his right arm to his right, beginning from the same origin point near his torso 
(similar to lines  51 and 52)

62 Luke:  ri:ght 
    L flicks his eyes from meeting Arthur’s to focus on the movements of Arthur’s 
    hands, then back 

63 Arthur:  to the other       , tsk . . 
      A right arm bounces horizontally           pause    

64        peaks in that . .      
      A right arm back left, then right,,,,,, repeat  

65 Luke:  [(okay,)] 
    L nodding   and meeting Arthur’s gaze -->> 

66 Arthur:  [or the] other reads in  that transcript 
          A waves right hand ,,,,,, right hand moves in a horizontal line  

67    >but it’s really highly expressed 
  A ,,,, brings down left hand, then quickly raises it 

68   it’s still likely noise. 
  A brings left hand to rest on neck 
  L rolls head back to look forward -->

Between lines 58 and 68 Arthur illustrated different statistical levels with iconic 

gestures. These gestures referenced the shape of distributions that, in their 

transformations, comprised further diagrammatic gestures. They were not intelligible on 
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their own, but rather in their sequential animation: Arthur first sketched a Cartesian axis 

(as in lines 51 and 52 but also in line 61) and then moved his hands inside of that 

graphical space to illustrate the shape of the distributions he was attempting to verbally 

describe.77

Through his coordinated multimodal actions, Arthur explained to Luke that the 

problem was not merely one of controlling for noise through the use of a whole RNA 

transcript. Rather, the problem was compounded by the complex statistics involved in 

peak calling. Peaks are, to a degree, second-order statistical objects, comprised of a 

distribution made up of RNA reads. The bioinformatic problem at hand was 

compounded due to this statistical complexity. The problem was unnoticeable without a 

known transcript, that is, a reference genome, against which to compare the peaks 

found by algorithms. Without already knowing where a protein like FOX2 was likely to 

concentrate along an RNA sequence, there would be no way of knowing if a peak was a 

false positive, reflecting only a high concentration in the background.

At this point, given the work within the situation so far, one might think that a 

public understanding of the problem might have been achieved. However, Luke’s 

posture continued to display a certain lack of engagement, even while he offered verbal 

tokens of “yeah” and “okay.” These tokens, together with Luke’s gaze show his close 

attention to Arthur’s gesture, but do not connote agreement. The interactional, 

situational problem of convincing him of the difficulty of the bioinformatic problem 

continued to be unresolved. While he has engaged in visual backchanneling, following 

 This is somewhat similar to Enfield’s (2003) explication of diagrammatic gesture in that the author of a 77

gesture and their audience are able to understand a series of gestures to be internally consistent with one 
another. As Arthur moved his hands through the air following his pinch-and-drag gestural sketch of a 
Cartesian axis, his subsequent gestures were intelligible as shapes on a graph.
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Arthur’s diagrammatic gestures, Luke nonetheless remained largely unmoved in his 

seat. Even as Arthur closed his explanation, Luke remained largely unmoved, shifting 

back to look forward. At that point, he showed no sign that he may have 

misapprehended the problem or its importance.

With Arthur having ended his turn without an immediate response from Luke, the 

next speaker was left undesignated. Within the usual structures of laboratory meeting 

(as with other workplace meetings), it may have been expected that, as the presenter, 

Peter would step in to confirm or elaborate upon Arthur’s remarks. This expectation may 

also have been marked by Luke’s return of his gaze to the front of the room. However, 

Peter did not immediately respond. Instead, from the row behind Arthur, Claude  took 78

up both the bioinformatic and interactional problems at hand:

69 Claude: >but even I mea=even if you look at RNA-seq
  C looks forward, right arm cradling side of head -->

70 data . there are [peaks. 
 C turns right hand, index finger pointing up -->
 C turns head to gaze at Arthur 

71 Claude:  [just based on  (unclear, too quiet)] 
      C ---------------       L shakes head     

72 Peter: [^I pull down strong  RTs when  I d:˘o] 
   C points ,, 

73 Arthur: [^yeah]
74 Peter: peak finding on RNA-s[eq]
75 Arthur:         [^yeah]
76 Peter:   [data]
77 Luke:  L [hhhhh-ha-ha-hh         

L rocks forward, grinning 
78 Arthur:  [‘course you do

A extends left hand in partial shrug

Claude resolved the interactional problem exemplified by Luke’s withdrawn 

posture by enacting a further transformation of the bioinformatic problem at hand. 

 Claude is also Peter’s interlocutor and critic in the opening example in the first chapter. He is a 78

postdoctoral researcher, biologist, and bioinformatician who worked closely as Peter’s mentor.
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Where Imogen started this process by using MALAT-1 as a replica for the types of 

genes that might cause noise, Claude used RNA-seq as a replica for the experiments 

under investigation. By referencing RNA-seq, Claude modulated the problem to a 

midpoint between Imogen and Arthur’s transformations. Claude located the problem not 

at the level of the sort of biological objects which might create noise, nor at the level of 

statistical manipulations on which all algorithms operate. Instead, he transformed 

Arthur’s explanation of the problem (which is of the latter kind) into a concrete replica. 

Claude thusly explained the problem not in terms applicable to the comparison between 

algorithms (as Arthur did), but instead in terms of the problems encountered with the 

application of another well-known process for RNA sequencing, namely RNA-seq.

Peter rapidly seized on Claude’s explanation and the two, starting at line 71, 

begin a close coordination that illustrated the problem as it is instantiated within a 

quality control test of RNA-seq. Claude pointed out that RNA-seq also identified false 

positives due to the same issue of background noise, even with a different data pipeline 

and quality control method than CLIP-seq. Claude illustrated this with both an iconic 

gesture for “peaks” (the upward point of his index finger at line 70) and an indexical 

reference to Peter’s slide (at line 72). This coordination not only sparked overlapping 

agreement from Arthur, but also provoked Luke. Luke finally altered his posture from 

slouching deeply into his armchair by rocking forward with a gust of laughter (line 77). 

This signaled the dual success of Claude’s intervention as Luke finally acceded to the 

density of the bioinformatic problem while simultaneously signaling an end to the 

interactional problem caused by his displays of resistance. Arthur recognized Luke’s 
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enthusiastic acknowledgement almost sarcastically, by extending his hand in a partial 

shrug, and saying,“‘course you do” (line 78).

With the interactional problem publicly resolved by Luke’s laughter, and the 

importance of the bioinformatic problem (in its transformed, negotiated state) 

established, Claude could then make a suggestion for how the bioinformatic problem 

might be solved:

92 Arthur:  ˚yeah˚ 
      A looks back at Claude, left hand on chin 

93 Claude: =So. . . .
94 Author: h-h .                  

     I raises right hand  
95 Claude: ˚sounds like you need˚ 

I > lowers hand    
96          >You want an input . .

L ... turns to Claude ,         
      C grins
97 Peter: ^It would be great to have an input >an input would be 
98 magical.

C nods    

This excerpt, which took place near the end of this situation and just prior to 

Peter continuing his presentation, displays Claude’s suggested solution to Peter’s 

problem. On line 92, Arthur quietly accepts Claude’s clarifications to the problem.  79

Following a pause of several seconds (line 93), Claude then began a new turn with his 

suggested solution. In this pause, Imogen raised her  hand, perhaps meaning to 

continue the conversation that she had initiated. But she lowered her hand as Claude 

quietly suggested that an input might help with the problem (line 96). Such an input 

 The intervening talk between lines 78 and 92 involved further repetitions from Arthur and clarifications 79

from Claude. Many of these further clarifications expand from the reference to the RNA-seq algorithm into 
problems not only with the algorithm but with the data produced on the wet-lab side. These consist of of 
problems with shearing and PCR amplification.
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would enable an experiment to more effectively screen noise, but would require a 

change in the data pipeline. It would require a comparison between replicates of the 

same sequence, such that the concentrations of background could be detected and 

then controlled for by an algorithm. This would be a solution to a bioinformatic problem 

enacted on the experimental side, rather than on the side of computational analysis. To 

this suggestion, Peter replied that such an input would be “magical” (line 90), while 

Claude grinned and nodded.

§ 3.4 Achieving mutual intelligibility through collaborative transformation

Quality control work may not initially seem to be particularly important to 

processes of discovery or innovation at first glance. More often, such work might be 

associated with meeting bureaucratic standards or procedures. In this case, that 

impression is not far off in some respects. Peter’s QC work was, in large part, motivated 

by the responsibilities of the lab in relation to the standards of the ENCODE database. 

To successfully carry out the number and quality of experiments that they had promised 

in their grant, the members of the WD Lab were faced with a practical problem that 

entailed QC: finding ways to certify that their experiments did, in fact, correctly identify 

binding sites for RNA-binding proteins. In this meeting, Peter reported a comparison 

between different varieties of experiments that they lab had used to do this work. He 

found that they had problems, and that the problems seemed to lie with the experiments 

rather than with the lab’s methods of data analysis. This was not a straightforward 

problem, however. As such, members of the lab collaboratively transformed Peter’s both  

Peter’s presentation of the problem and, in doing so, transformed the problem itself. 
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This transformation was most visible in the concluding moments of the exchange, in 

which Claude proposed a potential solution to the bioinformatic problem that Peter had 

raised.

From an ethnomethodological perspective, this problem is constituted by this 

ongoing, developingly available work. A shop floor problem is available to members by 

virtue of their membership competency– that is, such problems are meaningful within 

the work of the situation and are available to members as such. This work is 

accomplished through the coordination of the resources of ordinary action, including 

structure-preserving transformation, diagrammatic reasoning, and elaborations, 

clarifications, and challenges. 

While stable inscriptions gain power from their transportability, laboratory 

problems and solutions take on meaning processually and dynamically. These dynamics 

may have been previously undervalued by some investigators of interdisciplinary work 

as they have considered the ways that such work is reliant on interfaces between 

groups with diverse expertise and interests (Star and Griesemer 1989; Galison 1997). 

Ethnomethodologists, however, beginning with Garfinkel (2008), have long considered 

working objects to be fluidly constituted in interaction. In this interaction, there were 

some objects that were at risk of failure. That is, Peter’s slide and the problem that it 

represented were at the risk of being publicly unintelligible. Imogen’s intervention, and 

the ensuing conversation, transposed the slide at hand through a set of modalities and 

varieties of action in order to publicly achieve the object. Through this process, the slide 

and its contents (namely, the bioinformatic problem), become processually understood, 
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as demonstrated by Luke’s initially minimal participation and then affectually explosive 

alignment.

This example demonstrates how laboratory meetings in this particular post-

genomic laboratory are perspicuous settings in which bioinformaticians and molecular 

biologists engage in hybrid, distributed forms of work. In this example, this work is 

apparent in the ways that members publicly articulated and manipulated the problem at 

hand. Through their manipulations, that problem was transformed to engage more 

thoroughly with biological objects, bioinformatic reasoning, and the developing need to 

either alter existing RNA sequencing pipelines or establish a new one. The parties 

involved in the situation competently improvised clarifications of the problem and 

discovered, for themselves, a complex of meanings that contributed to the ongoing, 

integrative and interdisciplinary work of the lab.

However, as I will explore in the next chapter, this object was not mutually 

intelligible for all concerned. While Peter, Imogen, Arthur, Luke, and Claude were able to  

gain increasing clarity on the nature of the problem at hand by transposing information 

from the projected slide and its accompanying presentation, they had some qualities 

that other lab members did not share. Namely, each of the participants in this 

conversation had high levels of familiarity not only with bioinformatic work in general, 

but also the specific bioinformatic methods of their lab. Each of them also possessed 

great familiarity with Peter’s work as either colleagues or supervisors. This somewhat 

undercuts my claim in the paragraph above: perhaps the lab had some difficulties in 

forming truly hybrid work between molecular biology and bioinformatics. Lab meeting, at 

least as I had been introduced to it, was meant as a setting in which the entire lab could 
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communicate, practice, and learn. It somehow related to the more everyday working 

methods and interactions of lab members as they worked on the lab’s projects.

In working with this example, I became increasingly interested in how this 

problem sat in relation to the rest of the lab and its ongoing work. One way that I would 

address my curiosity was by giving a presentation at lab meeting, myself. I thought that I 

could use that presentation to further introduce the rest of the lab to my own working 

methods and also to ask them to elaborate on this specific example. I had the 

impression that Claude and Peter had already been working on the suggested solution 

that had emerged in the flow of this conversation. In the intervening months between 

Peter’s presentation and my own, in which I worked on my analysis of this conversation, 

the lab developed a new interaction of CLIP that would address some of the problems 

Peter had raised. In large part driven by Claude and his collaborators in the lab and 

more widely in the ENCODE consortium, the lab developed eCLIP, a protocol that 

would, like ChIP-seq, make use of inputs to facilitate data analysis. This was fascinating 

to me, as it seemed that the conversation that I had recorded during lab meeting may 

have been consequential for an experimental development. Even if that particular 

conversation was not directly consequential, it had illustrated a connection between QC 

and the discovering, innovative work of the lab. With my video and analysis in hand, I 

went to the lab to give a talk and facilitate a conversation. I had hoped to start a 

conversation about what had taken place following Peter’s lab meeting and the 

development of eCLIP. What transpired was a referendum on the purposes of lab 

meeting and an argument about interdisciplinary work that would, itself, serve as an 

example of the difficulties of interdisciplinary communication. 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Chapter 4: Reflections on Mutual Intelligibility, Misaligned Topics, and Failed 
Objects in Lab Meeting80

“Let us first discuss this point of the argument: that a word has 
no meaning if nothing corresponds to it. “

(Wittgenstein, Philosophical Investigations, §40)

This chapter concerns several intertwined, practical problems that come about in 

the course of working as an interdisciplinary lab community. Primarily, it concerns the 

interactional, situated practices by which an object might fail to be shared, fail to be 

intelligible, and therefore fail as an object (Rawls 2008, Garfinkel 2008). To get to this 

point, I will describe the wider, more interdisciplinary dynamics of laboratory meeting 

and specific issues that lab members raised about communication along both 

disciplinary lines as well as issues with pedagogy, expertise, and status. These issues 

are revealed through participation in a laboratory meeting, a setting in which a speaker’s 

planned agenda, as explored in the previous chapter, meets with the situated dynamics 

of their audience

In the previous chapter, I explored a situation in which several bioinformaticians 

in the lab, together with the lab’s principal investigator, attempted to collectively 

understand a problem. This required those members to not only negotiate the problem 

in an abstract sense but progressively transform the meaning of a shared object– 

namely, a presentation slide. This mutual understanding of an object is a situational 

 Much of this chapter cannot be separated from my paper with Anne Warfield Rawls, titled 80

“Misaligned Adjacency Pairs: Failures by Interdisciplinary Scientific Teams 

to Achieve Mutually Recognizable Objects, Meanings, and Turns at Talk” (in review). While I 
make similar points here (particularly in terms of the failure of some lab members to achieve a 
shared, mutually intelligible object) and while some data is used across both papers, this 
chapter has an expanded focus on the ways that lab members expressed how they saw 
themselves within their interdisciplinary and organizationally complex laboratory.
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achievement. Garfinkel would go further, to describe the ways in which the existence of 

an object as that object in particular depends on the social, orderly methods of everyday 

life. This is most recognizable within expert communities, particularly interdisciplinary 

communities in which the intelligibility of a shared object might be contested. 

Another expert site where the shared perception of objects becomes a live, 

progressing issue is in expert-novice interactions, such as those described by 

Koschmann et. al. (2006) Suchman (2007), Alač (2011) and Goodwin (2018). In such 

pedagogical situations, members attempt to make explicit the endogenous methods that 

are taken for granted within a community. Similarly, in interdisciplinary communication 

members may be faced with backgrounds that do not overlap or that may get in the way 

of mutual intelligibility. In the WD lab, members may have different depths of expertise in 

different subjects (as some lab members are at different stages in their careers, or may 

be in the midst of adjusting to a new way of working within their subject area). The work 

of the lab also requires a range of different, partially overlapping expertise. This is 

required by the lab’s experimental process, in which some lab members specialize in 

the production of molecular biological experiments while others specialize in 

computational, bioinformatic analysis. 

While the previous chapter primarily focused on a discussion that was carried out 

by lab members knowledgeable in bioinformatic work, they were hardly the only 

members present in that meeting. Other lab members whose focus lies more in 

molecular biology or biochemistry were also present in the scene, if less actively 

involved. I had not realized it at the time, but their participation as audience members 

was locally problematic. While it initially seemed to me that the lab meeting had gone 

�152



well, with a productive conversation between experts, some lab members were swift to 

correct that impression.

Around a year after I recorded the lab meeting that I explored in the last chapter, 

I gave one of my own. It was the second meeting at which I presented in the laboratory, 

but the first in which I was able to play back video of the lab, in the midst of interaction, 

to its members. Inspired by the reflexive ethnographic film methods pioneered by 

Collins, Asch, and Asch (1996), I thought that I might be able to better understand how 

the lab members might interpret the situations I had extracted from Peter’s meeting if I 

played them back to them. Doing so within a lab meeting seemed like not only a 

convenient way to do so, but also a way to return lab members, themselves, to a 

reflection on the dynamics of laboratory meetings.

My interest in those dynamics in this chapter is a product of an ethnographic 

interest in how members of the lab understood or took issue with interdisciplinary 

communication within the lab. As prior investigators of workplace meetings (Jefferson 

1984; Robinson and Stivers 2001; Gibson 2003, 2005; Deppermann, Schmitt, and 

Mondada 2010) have explored, different varieties of meetings entail the negotiation of 

planned and contingent activities within a meeting. In the case of lab meetings in 

Arthur’s lab, as we have seen in the last chapter, a presenter may create a somewhat 

stabilized narrative for a meeting with the expectation that it will be contingently opened 

for discussion and possible elaboration by other members in the course of a meeting. In 

some ways, the preparation and presentation of a member’s work at lab meeting is an 

intermediary step in the scientist’s work as a literary reasoner (Knorr Cetina, 1981), as 

members produce a narrative of their previous work for presentation to the lab. These 
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narratives, in their encounter within the situation of lab meeting, are often pushed by 

other lab members to come into closer contact with the more overarching, 

interdisciplinary concerns of the lab. 

Presentations in lab meeting are stabilized, while still being open-ended; they are 

made up of prepared explanations tied to the ongoing work of the lab, but the gathered 

community of the lab makes these explanations responsive to their concerns. Most 

presentations involved the projection and explanation of images and diagrams in the 

lab, which selectively represented complex visual or statistical evidence from the lab’s 

everyday work (Lynch 1985, 1988) through the marshaling together of the semiotic 

resources of scientific diagrams and multimodal, co-operative action (Ochs, Jacoby, and 

Gonzales 1994; Ochs, Gonzales, and Jacoby 1996; Becvar, Hollan, and Hutchins 2005; 

Alač 2011; Goodwin 2018). In presenting and discussing these projected images, lab 

members (as described in the previous chapter) would animate and further develop 

them, at times recognizing new features of their work. It was not clear to me, however, if 

these revelations within laboratory meeting were carried over into the everyday work of 

the lab, or if they were largely left within the contexts of presentation.

By presenting the situations described in the previous chapter back to members 

of the lab, I was most curious to see if they would discuss how the work depicted in my 

videos had developed since. A year earlier, in the course of laboratory meeting, Peter 

had attempted to establish, for the lab, a problem with its data. He attempted to explain 

this through a quality control comparison between different RNA sequencing 

experiments, which, in the hands of his audience, quickly came to invoke not only the 

experiments but the statistical pipeline by which bioinformaticians analyzed them. 
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Claude, a postdoc that worked closely with and at times supervised Peter’s work, made 

a wry suggestion at the end of the presentation about an alteration to experimental 

protocol (an “input”), that might resolve some of the data problems that Peter described.

In the intervening year, Claude, Peter, Arthur, and much of the rest of the lab 

developed the eCLIP experimental protocol together with their more distributed 

collaborators in the ENCODE consortium. This protocol introduced some additional 

experimental steps that produce a readily comparable background for each 

experimental sample (the “input”), thus reducing the amount of work, time, and other 

resources required to perform RNA sequencing experiments. The development of 

eCLIP was a massive success for the laboratory: the development of a new 

experimental protocol was, of course, notable, but it also practically allowed the 

laboratory to more rapidly execute the volume of experiments that it had promised the 

ENCODE consortium. Because the laboratory to could spend less time meeting its 

obligations under the conditions of its then-largest NIH grant, its members could carry 

out more novel experiments that could lead to future scientific developments, including 

the possibility of further findings, presentations, grants, and publications.

While Claude and Peter were already working on eCLIP by the time of Peter’s 

earlier presentation, it was not yet an ordinary feature of laboratory work, not in the least 

for the molecular biologists of the lab. This was problematic not only for the duration of 

Peter’s initial presentation, but because, later, the more biologically-minded lab 

members would carry out dozens of eCLIP experiments. If part of the reasoning behind 

the development of eCLIP was bioinformatic reasoning, I was curious to find out if, 
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looking back, lab members would see Peter’s problem as more recognizable than they 

initially did.

However, this did not become the ensuing topic of conversation during my lab 

presentation. Once I had presented the materials of the previous chapter, lab members 

began to discuss the dynamics of the lab meeting, itself. They discussed their problems 

with lab meetings, in general, as well as particular issues with Peter’s lab meeting. 

Differences between the perceived “sides” of the laboratory (biological and 

computational), differences in training and rank, and difficulties in interdisciplinary work 

and understanding all came to the fore. In the previous chapter, lab members’ ordinary 

actions in lab meeting demonstrated how they could collectively transform an object 

through multiple modalities (including the graphical, verbal, and gestural), in order to 

achieve a shared understanding. In this chapter, I explore the flip side: how difficulties in 

the interdisciplinary and organizationally complex laboratory manifested in a diverse set 

of frustrations, misunderstandings, and the failure to achieve a mutually intelligible 

object.

§ 4.1 Opening Lab Meeting to Debate

Methodologically, I will proceed by describing a series of situations that took 

place after I replayed a clip of the main sequence explored in the previous chapter. 

While playing it, there was little in the way of large reactions from lab members, at least 

until it neared its conclusion. At the end of the clip, Claude heard himself suggest an 

‘input’ as a solution to Peter’s problem, to which Peter replied, “an input would be 
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magical.” As this replayed, Claude reached his arms out and exclaimed, “Ta d:aaa!” 

while the other members of the lab laughed. 

Claude’s reaction, and the reaction of other lab members, might be understood 

as a display of recognition that the solution of an “input” into the process of data 

production for the discovery of RNA binding proteins was in fact the solution that Claude 

later implemented in the development of a new hybrid experimental and bioinformatic 

technology (namely, eCLIP). Indeed, at the end of the laboratory meeting in which the 

following conversation took place, Claude and Peter stuck around to ask me if I 

understood why people had been laughing at that moment. They wanted me to know 

that it was because of such a shared recognition of a solved problem.

As I said, however, this topic was not the topic that lab members took up in the 

moments after I played the clip. Instead, we opened a debate on the purpose of 

laboratory meeting that developed into an argument about what lab members need in 

order to understand a slide and a conversation during lab meeting.

Following the end of the clip, I began to set up a conversation between lab 

members about what they thought happened in the video that they had just watched:

1 Don: Aaha I-
2 Arthur: °An input would be magical, that’s pretty good.°
3 Don: I’ve watched it so many times even I find it funny.
4 general audience laughter, 2 seconds
5 Don: £Alright.£
6 more general audience laughter 0.5 seconds
7 Don: uh, excellent. So this time, um, I-I, I will give you was on the haha 
8 on the £projector£ hh (inbreath), whi:le all of this was going on, this-
9 this is it. (.) This is this is th:ee much debated slide >look how much
10 conversation we get,
11 general audience laughter, 0.5 seconds
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12 Claude: Oh I remember that slide.81

13 Don: Around whatever the heck this is. . . .
14 general audience laughter, 1 second
15 Claude: It’s not bad.
16 Peter: I should make that slide again.
15 Claude: ^eh
16 Don: [Alright. Um,]
17 [general audience laughter, lighter than before]
18 Don: it’s so good in fact,
19 general audience laughter, most notably from Natalya, 1 second
20 Don: that I’m gonna spend the £rest£ of my £presentation talking about 
21 it.£
22 general audience laughter, most notably from Peter, 2 seconds
23 Don: Not the slide. But, you know, the-the two and a half minutes of 
24 video and >you know the slide is is involved because it’s a resource 
25 that everyone in the room can draw on in the present tense, to be 
26 able to talk about #things.# . Alright. Uh let’s try this again. . . 
27 Just like last time, but better. .
28 Claude: (whispering) (unclear) PTSD haha
29 Don: £What ^happened there?£
30 whispering, some quiet laughter, 6 second pause

As I exaggerated my position as an ignorant ethnographer, I also referenced my 

previous attempt in the same presentation to instigate a conversation about the prior 

laboratory meeting. That attempt had largely resulted in a prolonged silence. I had 

started my presentation by introducing some of my interests as an ethnographer, 

ethnomethodologist, and conversation analyst, but had also given a brief introduction to 

some ways that scholars in science and technology studies (STS) thought about 

interdisciplinary communication. In particular, I had referenced Star and Griesemer’s 

(1989) concept of boundary objects and Galison’s (1997) idea of trading zones, framing 

my presentation for the lab in terms of interdisciplinary communication. While the lab 

 I either couldn’t hear Claude and Peter’s asides in this sequence, or, in the stream of 81

organizing the situation, I chose to ignore them. At the meeting, I used two cameras. One, I 
operated myself from the podium. The other was operated by Kirk, a graduate student and 
materials scientist from the lab who volunteered. His microphone picked up their comments, 
likely because of his proximity to them. In this resulting transcript, we can see their response to 
me and my presentation, but I do not seem to actively respond to them.
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members did not immediately pick up on the jargon of my field, that framing was to 

prove fateful for the direction of my conversation with the lab.

Following that initial framing, I I showed a clip that depicted Peter as he 

introduced his presentation, which I then unpacked in terms of how Peter managed the 

work of presenting through components of talk and/as action. After that relatively short 

clip, I paused and asked the lab members to help me unpack it. Responses were 

hesitant, and I quickly moved on to play the longer video in which multiple lab members 

collaboratively worked out a bioinformatic problem. I ended that video by re-projecting 

the slide that Peter had projected during that earlier discussion. This led to my remarks 

in the lines above, asking, while laughing together with lab members, if we could take 

another shot at working through an example together, “Just like last time, but 

better.” (line 27)

I was curious to see how lab members might think differently about what went on 

in the discussion than I did, especially as I exaggerated the possible gulf between their 

understanding of the situation in the clip and my own. Tyler, a graduate student in 

UCSD’s MD/PhD program, was the first to respond. He characterized the situation that I 

had just shown as a conversation between experts, a conversation that other lab 

members might not be able to follow:

31 Don: Yeah?
32 Tyler: It sounded like . a small subset of the lab was:s really well-versed 
33 in what was going on in the ^slide, >and began to have a
34 conversation at a very high level . >a very abstract level about the 
35 data. And s I-I would feel like certainly some some of the rest of us 
36 who were new to the lab, might’ve gotten lost . or left behind. . . .

Tyler expressed that he thought the situation in the clip featured experts talking to 

other experts in a way that was difficult to understand. In doing so, he portrayed how he 
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remembered himself in that earlier situation, from a year prior: as someone new to the 

lab, who “might’ve gotten lost . or left behind . . . .” (line 36) This was reaction that I had 

not expected, as to me the multiple parties in the conversation had managed to work 

with the problem that was then at hand.

In preparing for my presentation, it seemed to me that lab members likely knew 

more about this problem than I did. Based on that assumption, I thought that they could 

tell me how the problem and its solution had developed after that discussion from a lab 

meeting the year before. Instead, Tyler’s remarks cast the participants in my earlier clip 

as a “small subset” (line 32) of the lab who could understand the problem and transform 

it amongst themselves. In the process, Tyler felt that he (and, perhaps, others in a 

similar position to him) might have lost the plot.

After Tyler’s initial comments, I initially reacted sympathetically, emphasizing 

once more that in I had also lost the plot within the earlier lab meeting. However, I also 

mentioned that I had been in the lab observing for some time when that conversation 

had taken place and suggested that it might not have been an issue of new 

membership. I then paused, and Claude turned to address Tyler (who was sitting in the 

row behind him, on the opposite side of the room).

37 Don: I was definitely lost.
38 general audience laughter, 2 seconds
39 Don: ^An-And I had been here for awhile, I had been observing for like, a
40 year and a half? (. .) Still, very, very lost. (.)
41 C turns to face T > >
42 Claude: So I- >so I my perspective is I agree with that compl^etely, but I 
43 think that that’s kind of the point of lab meeting. To me. It’s n:ot it's 
44 not a talk. It’s not #a:a# youknow it’s not a:[a pu]blic 
45 Arthur:                                                          [it’s not a class]
46 Claude: presentation. It’s >youknow Peter really wanted insight, #into:o# a 
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47 specific issue, and if >you have to if he has to fifteen minutes
48 explaining to someone, the whole process of what he did and the 
49 data that’s underlying it and the methods, those people are not 
50 gonna be able to gi:ve, really useful input into that problem.

First, Claude said that he agreed with Tyler “completely.” (line 42) This 

was less of a way to establish agreement, and more of a way to establish that he was 

connecting with Tyler’s turn than mine. Claude immediately subverted complete 

agreement by saying that lab meeting was not a situation in which all attendees should 

have the expectation of comprehension. This was the point that Claude wanted to 

make, and he brought to it an opinion on what his colleague, Peter, wanted out of that 

earlier meeting– namely, “insight into a specific issue.” (Lines 46-47) Claude 

extrapolated this beyond Peter by shifting between the second and third person (“if you 

have to if he has to,” line 47) into a hypothetical about how those members who might 

have needed further information to understand the bioinformatic problem would not 

have been the ones who were able to give useful insight into the problem. This was a 

statement about competence, the form explanations might have to take in order to bring 

people into a conversation, and Claude’s desired level of lab meeting.

Arthur, the lab’s PI, added a supporting assessment in overlap to Claude, as 

together they contended that lab meeting is not a talk, not a class, and not a public 

presentation. Arthur’s role in this string of distinctions was somewhat surprising, as lab 

meeting is often understood as a communicative, if not directly pedagogical, space. By 

that distinction, I mean that lab members show awareness that members of their 

audience may not share their deep familiarity with the subject of their work. As a 

demonstration of this, consider the efforts by Arthur to recruit Luke’s participation that I 

described in the last chapter, or my own efforts (between lines 1 and 50) to bring lab 

�161



members into a conversation about their work. That requires collaboration and 

communication on behalf of a presenter and whoever else they can enroll (as Peter, 

Imogen, and Arthur aligned together in the earlier chapter). Lab meeting may not be a 

class in some sense of the word, but it can certainly be a site of teaching and learning.

This distinction, collaboratively done between Claude and Arthur on the overlap, 

between lab meeting and other communicative settings, disputes the importance of the 

problem that Tyler raised. The suggestion is that lab meeting is a particular setting, 

perhaps even one that, as Tyler said, is only for a small subset of the lab, the ones who 

are really “well-versed” in whatever is going on in any particular conversation, the ones 

who can speak at a very high level, a very abstract level, about the data. But, if that’s 

the case, then why make it so that everyone in the lab is present at lab meeting?

At this point in the discussion, several other lab members took issue with 

Claude’s characterization of lab meeting in a rapidly developing series of overlaps. Two 

other lab members began to confront Claude on this point: George, a postdoctoral 

researcher and biochemist, and Zoe, a graduate student training as both a biochemist 

and bioinformatician. Speaking from the back of the room, and to Claude, who was 

already partly turned in order to speak to Tyler, they took issue with the idea that 

conversations in lab meeting should only be keyed to those with specific, topical 

expertise:

51 Claude: [So, at some point >I mean there are times it’s you know]
52 George: [Then why not have the conversation]
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82

53 Claude: [it’s the equivalent of,]
54 Zoe: [Just (unclear), right?]

55 George: [Exactly. I mean]
56 Zoe: [Just have a separate meeting then.]

57 George: =if what’s the use of having [everyone in the meeting
58 Claude: [^Okay then]
59 Zoe: [everyone here listening to them]

60 George: listening to it if you’re only [gonna have]
61 Erica: [°hchchehe°]

62 George: the presentation be [accessible]
63 Claude: [>Well it’s a ^lab meeting]

64 Carolyn: Well I [think he’s] saying
65 Claude: [>Imean]

66 Carolyn: [like, he could talk to him outside of lab meeting]
67 Zoe: [>But is that the purpose of lab meeting? or]
68 Carolyn: about the problem instead of, when everyone is present.
69 Claude: Then we might as well tape a, thirty minute talk and just watch it all.

George and Zoe together problematized Claude’s idea that lab meetings should 

be a distinct site of expert discourse. They did this from two directions: George 

requested that a conversation between experts could be explained to neighboring 

experts in the laboratory audience, while Zoe more pointedly suggested that experts 

could have a separate meeting (line 56). George then concurred with Zoe, and as they 

sat next to one another, in overlapping, tied talk. Both asked Claude what the point of 

having “everyone” (lines 57 and 59) in the room if the conversation was only intelligible 

 Due to the multiple parties overlapping each other at different moments in this sequence, 82

skipped lines indicate which overlapping talk occurred simultaneously. In the analysis of two 
party conversation, this is less of an issue as overlaps might be read as transforming with the 
next speaker, except in cases of exceptionally long overlaps. Overlapping talk between multiple 
parties are not so neat, as the prevailing speaker (as exemplified here) may switch rapidly 
between three, four, or presumably more parties. 
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to a portion of the lab audience. Claude replied in more rapid and highly pitched words, 

“>Well it’s a ^lab meeting” (line 63), which indexed his earlier position that lab meeting is 

not the site to fully explain one’s work but rather is a site to gather useful input into one’s 

work. 

Carolyn, a postdoctoral researcher in developmental and cell biology, then 

attempted to mediate between Claude, Zoe, and George, suggesting that an exclusive 

conversation between experts could take place outside of lab meeting. While her initial 

preface on line 64 made it seem as though she might take a slightly different position, 

she also suggested that Claude’s goal for lab meeting might be better met elsewhere, 

instead of in a situation where “everyone” is present. Claude replied to Carolyn’s 

suggestion glibly, implying that moving expert conversation elsewhere would be as 

useful to lab members as simply watching a recording of a talk.

In the brief pause after this remark, Zoe and I (from opposite ends of the room) 

both reacted. Another member, Jake, broke out into laughter at the same time. Claude 

then seized another long turn to explain his position.

70 Don: °Okay.°
71 Zoe: [^I don’t agree with that.]
72 Jake: [hh mmphh ((laughter))]
73 Claude: >Imean there are certain things right Leon can present something 
74 about motor neuron differentiation, I’m not gonna give useful input. 
75 Because I don’t, know enough about that (.) ar:ea. Ta give useful 
76 input. So there are gener^al aspects that I can give >youknow that I 
77 can give useful feedback about, but even=if he has a question 
78 about, like why a molecule isn’t causing the, neurons to differentiate 
79 well (.) I’m=there’s no way I’m gonna give useful insight, >andhe
80 could, talk a lot about, what that molecule is do:^ing and what 
81 receptor it’s binding and, I’m still not gonna have any useful insight. 
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With noticeably more rapid speech (which he used in an almost regular way to 

maintain his extended turn and forestall other overlaps), Claude again managed a 

longer explanation of his point. Clade made specific reference to Leon, another member 

and a biology graduate student. Claude contended that Leon’s work, which involved a 

deeply biological perspective on motor neuron diseases and ALS in particular, was 

largely over his head. Even if Leon went out of his way to characterize the basic biology 

of his work in a lab meeting, Claude said, he would remain unable to provide anything of 

value in return.

While Claude was able to hold a turn long enough to more fully elaborate his 

position, resistance to that position came immediately from Arthur, George, and Zoe.

82 Arthur: Someone else might. [°Someone else might°]
83   G raises hand ,,,
84 George:   [°Exactly°]
85   G points at Arthur
86 Claude:   [^Yeah] >Imean that’s the point
87 Arthur: For those that, ^don’t eitherways you learn something from it
88 George: °exactly°
89 Claude: [^Ye:ah.]
90 Whitney: [Yeah.]
91 Arthur: >whichis good. Because otherwise, [(unclear)]

Arthur remarked that, in the hypothetical lab meeting that Claude described, 

someone else might be able to provide useful feedback. Claude rapidly agreed and 

attempted to reply before, cutting him off, Arthur continued to say that the possibility of 

learning would still extend to those in the lab who might not be able to provide expert 

feedback. This formulation of the purpose of lab meeting found ready tokens of 

agreement from several lab members, including George, Claude, and Whitney.
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Claude’s agreement with Arthur may seem inconsistent, but can be understood in 

light of Claude’s sarcastic comment about the equal utility of watching a tape and sitting 

in a lab meeting with no expert feedback (line 69). Arthur’s remark that someone else in 

the lab could possibly provide useful feedback even if Claude could not is a reply to 

Claude’s immediately preceding comments. Claude’s reply, in turn, that “that’s the 

point,” (line 86) retrospectively figures his previous comments in alignment with Arthur’s 

formulation. To Claude, an individual lab member’s inability to fully grasp the particulars 

of expert remarks in lab meetings is not a problem. This is because lab meeting 

provides a setting in which there might be other experts who can meaningfully engage 

with those particulars.

However, Arthur’s next comment might give us reason to question Claude’s 

attempted alignment. Arthur further remarked that even lab members who do not grasp 

the particulars of an expert discussion could still learn from being present with that 

discussion. While this does support Claude’s point that expert discussions ought to be 

understood as an important, even defining, feature of lab meeting, Arthur has deviated 

from some of Claude’s other points. To Arthur, it’s important for lab members who do not 

grasp an expert discussion to be around one in lab meeting because they might learn 

something from it, even if it is not clear what this something might be.

George’s ready agreement with this, voiced as a quiet “exactly” (line 88) might 

seem somewhat surprising considering his earlier comments. After all, he had 

questioned the usefulness of discussions that were not “accessible” (line 62). By 

aligning with Arthur’s point, George seemed to be in agreement that lab members could 

learn from someone to whom they could provide no meaningful feedback. However, 
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Arthur’s remarks here are ambiguous. Claude responds to them as though they support 

his point, but they can also be taken to be supportive of George as much as he 

disagreed with Claude. Arthur might not be endorsing the view that presenters at lab 

meeting must make their work accessible to all members, but he does think that there 

must be something there for lab members who do not have the expertise to make a 

specific contribution.

While George aligned with Arthur, his previous partner in disagreement, Zoe, 

stepped in to continue her criticism of Claude’s position. This reflected the differences in 

the way that she and George disagreed with Claude. While Zoe and George had earlier 

been aligned in opposition to Claude, Zoe’s remarks were often more blunt. For 

example, while George requested a more accessible conversation, Zoe questioned the 

purpose of a lab meeting whose purpose was expert, exclusive conversation

91 Zoe: [But if] you’re getting too abstract (.) then the other people who, 
92 Z raises both hands
93 G nods, waves hand forward
94 Zoe: couldn’t necessarily contribute don’t learn anything so you have ta
95 find the middle ground,
96 Arthur: =(unclear)
97 A nods
98 Zoe: Where you can still have the discussion with a few experts that can 
99 also be understood by the non experts. 
100 Claude: I agree. But [it’s rough to do that when you ha->butistroughtodothat]
101 Zoe: [Which isn’t what was happening there.]
102 Claude: in an hour lab meeting twice a year. You can’t cover everything 
103 you’ve done and get useful insight inta, many things.

Following Arthur’s comments and the resulting displays of alignment from 

Claude, George, and Whitney, Zoe reformulated her criticism by remarking that expert 

talk in lab meeting might become too abstract for other members. She suggested that 

people who might not be able to directly contribute in a lab meeting should still be able 
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to understand and learn from the meeting, and that a “middle ground” (line 95) must be 

reached. In this, she had both Arthur’s verbal and George’s nonverbal agreement. 

Zoe moderated her earlier remarks while insisting on a core point: namely, that 

experts needed to make sure their conversations in lab meeting could be understood by 

other lab members. She also continued to insist that the expert participants in the 

conversation that I had shown did not manage to accomplish that negotiation. At this 

point, Claude replied to Zoe for the first time with seeming agreement. He then 

subverted that agreement with the caveat that Zoe was asking for something very 

difficult. Claude said that this difficulty was partly the result of the timing of lab meeting 

and its relationship to the timing of members’ ongoing work in the laboratory. Because of 

how infrequently lab members are able to give lab meeting (a situation caused, in part, 

by the large size of the WD Lab’s community), it is difficult to fit in every topic that one 

would want to have in a single meeting. Sticking to his guns, Claude concluded that it is 

not only difficult to balance expert and non expert discussion in a meeting, but that it is 

also difficult to covering one’s work and also get insight in the course of a meeting. 

Getting that insight remained paramount to Claude, even while he now acknowledged 

the importance of non-expert learning.

Unsurprisingly, given his position as the lab’s PI, Arthur was sympathetic to 

Claude’s remarks about time. He then suggested that the difficulty that Claude had 

arrived at was valid, going as far as to suggest that nothing works when one has to deal 

with complex demands under a short timeframe. 

104 Arthur: It is kinda [what you’re getting at.]
105 Claude: [>Inthat] timescale.
106 Arthur: It doesn’t, you know nothing works right? [(°unclear°)]
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At that point, while Arthur’s remarks lowered in volume and the dispute between 

Claude and the other lab members seemingly resolved, Leon joined the discussion.  83

He suggested that his colleagues had mischaracterized the discussion from my clip. 

While Tyler had originally framed the conversation in the clip as one that took place 

between a small subset of experts, Leon said that the discussion in the clip seemed to 

involve a larger group of people. More than that, Leon remarked that it’s somewhat rare 

for slides to generate so much discussion in lab meeting. That so many members had 

provided input based struck Leon as worth mentioning:

107 Leon: [>There’s not,] there’s not that few people tho:ugh Imean there’s at 
108 least like four peop:le that said someth:ing, [about] that sli:de
109 Claude: [^yeah]
110 Leon: I mean there’s a lot of slides that uh don’t have that many people 
111 that offe:r  any input so (.) >Idunnoifthat
112 Carolyn: >andIthink if the lab people are having problems they talk to each 
113 other,
114 Arthur: =yeah
115 Carolyn: =not just wait for the lab meeting (. .)
116 Arthur: =yeah
117 (. .)

Following Leon’s comments, Carolyn introduced a contrast between work and 

collaboration inside and outside of lab meeting. Carolyn offered that lab members can 

easily ask one another for help with problems outside of lab meeting. While her remarks 

also seem to support Claude’s, they certainly echoed what she herself had earlier 

pointed out on lines 64 and 66. Carolyn’s hurry in taking this turn might reflect that she 

had much earlier made similar remarks that had not been taken up. They might also 

have been competing with Leon regarding the prospective direction of the conversation. 

 He had previously been animated by Claude as a hypothetical character between lines 73 83

and 81.
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While Leon suggested that the lab reconsider the conversation in the my clip, Carolyn 

suggested that lab members return to the topic of feedback. She suggested that lab 

members regularly get feedback in the course of everyday work, and that as such they 

need not wait for lab meeting to seek it.

When she mentioned this, Carolyn had Arthur’s ready agreement. But instead of 

opening the relation between getting insight, feedback, advice, or dealing with problems 

inside or outside of lab meetings, there was a pause. Dana, a graduate student and 

former clinical researcher who worked on combining biochemical research and 

bioinformatics, was the next to speak. Beginning quietly, Dana expressed dissatisfaction 

with laboratory meeting in general. Positioning herself as a graduate student, Dana 

suggested that laboratory meeting might be improved if it provided more of a platform 

for students to practice communicating, especially to the interdisciplinary audience of 

the lab. 

118 Dana: °(unclear)° I think lab meeting should serve more functions than it 
119 does #right now.# °And° as a grad stud^ent, one of the functions of 
120 lab meeting for me is to:o >howtocommunicate effectively and how 
121 to:o be a better speak:er and, communicate with peop^le of multiple 
122 backgrounds since we are a disciplin-an interdisciplinary #lab#. So 
123 for me:e, I’m not getting that out of lab meeting and I would like 
124 to:o, and I think tha:t more people would be >could be able to con
125 tribute that way. h-h

Will, a postdoctoral researcher and bioengineer, responded to Dana’s positioning 

and suggested that the distinction between graduate students and postdoctoral 

researchers in the lab might be relevant to the purpose of lab meetings. This might have 

been an attempt to make a more concrete distinction between audiences than “expert” 

and “non-expert,” as the lines between postdoc and grad student are much less 
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nebulous than those. After all, even between graduate students and postdocs, most 

members of the lab could be considered experts in their own work. Will suggested that 

graduate students might be better served if the cycle of lab meetings were adjusted so 

that they presented twice as often as postdocs. 

126 Will: >Ye:ah I ^think also:o >it might also be interesting to make the
127 distinction between grad students and postdocs >Imean grad stu
128 dents could use more guidance than a postdoc in general. 
129 D nods repeatedly, first emphatically and then more slowly >>
130 So maybe we should move into like a cycle of grad students 
131 present twice, and postdocs once.
132 general audience laughter, 2 seconds

Perhaps unsurprisingly, the suggestion that grad students do twice as much work 

as postdocs was met with laughter. Will continued to insist that he genuinely meant his 

suggestion in the interests of graduate students, but was met with disagreement from 

Claude, another postdoc. As Will struggled to reclaim a more serious turn from amidst 

the lab’s laughter, Claude talked over him to remark that postdocs also need plenty of 

help:

133 [continued laughter
134 Will: [NO, but I mean]
135 D shrugs, then nods ,,,
136 [continued laughter ]
137 Claude: [No, I-no I yeah I don’t agree with that.]
138 Will: [I don’t mind either with how we (unclear)] within these situations, 
139 okay?
140 Claude: [=I think it’s, I ^think I can speak for] the postdocs that we’re not
141 Will: [and I do think that’s why]
142 Claude: we don’t, £we’re not that much better.£
143 Zoe: [[Well postdocs have,] [expertise to:o.]]
144 Erica: [ha^ha]
145 Claude: [[I think] we have, [I think we still need] still need help.]
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146 Will: [Well, well, ]  we still need help but I mean thu:h I think most 84

147 people, most postdocs that I see they, they, they know how to
148  handle their project. So:o, >Imean and, I don’t have the feeling with 
149 all grad students that they handle their project. And sometime they 
150 just, be thrown in the pool and SWIM h-
151 W pushes arms and hands forward
152 huh and they ^don’t swim, they just sink to the bottom, 
153 W chops downwards with left hand
154 so I think that’s why they could use more mentorship and I mean 
155 D nods >>
156 from all of us. Uh, more on a more frequent basis, than than the-
157 postdocs need °need°.
158 D ,,,

Starting at line 143, Zoe spoke in overlap with Claude and Will, remarking that 

postdocs, like graduate students, possess expertise. This remark, especially Zoe’s 

invocation of “expertise,” was more in line with her previous remarks than, perhaps, with 

Will’s comments. Simultaneously, Claude persisted with his statement that postdocs 

also need help, consistent with his earlier arguments that lab meeting ought to be a 

situation in which experts can discuss their work without worrying about explaining it to 

other audiences. To this point, Will displayed alignment in overlapping talk and format 

tying (M. Goodwin 1990; C. Goodwin 2018), remarking almost simultaneously with 

Claude that “we still need help.” 

With this, Will was able to secure another extended turn, which he used to 

explain the motivation behind his suggestion. Will cast this as a difference in the 

capabilities of lab members at different professional levels to “handle their project.” (line 

149) He carefully cast this not as something blameworthy, but rather as a situation in 

which some graduate students were put in situations for which they were unprepared. 

 Brackets between 130 and 133 indicate when each of three speakers are overtalking, in two 84

sets of three speakers. Each spoke over the other, first with Zoe, and Claude talking over each 
other while Erica laughed, and then as Zoe, Claude, and Will all spoke over one another. Will 
emerged out of this explosive overlap and finally secured a longer turn.
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Consistent with his earlier framing that graduate students might need more “guidance” 

than postdocs, Will said that the unfair expectations that he saw for graduate students 

required more “mentorship”.

In responding to Dana and making a suggestion, Will had to do a great deal of 

interactional work to do to reclaim his turn and then turn it into an extended one. This 

work was multiplied after his initial suggestion came across as being ridiculous. But Will 

was largely successful in his efforts, most especially in the close agreement that Dana 

showed to his initial response to her statement. Dana did this nonverbally, responding in 

occasioned ways by nodding at different tempos in response to particular phrases that 

Will used, particularly his remarks on guidance and mentorship. Dana had expressed 

that she felt that lab meeting could do more for her to help her prepare certain kinds of 

interactional, communicative skills as a grad student. In her serious treatment of Will’s 

remarks and suggestions (which put her reactions in a distinct minority), Dana showed 

that she thought Will’s remarks were at least on the same track as hers.

In explaining why he made his suggestion, Will cast the problems at hand in the 

lab’s discussion of lab meeting and difficulties in mutual understanding as ones that 

required more work from senior lab members. Ironically, this initially came off as a 

suggestion that postdocs do less work, as suggestion would make it so postdocs had to 

prepare half the number of presentations as graduate students. Will recovered from this 

by vividly illustrating his impression of how little preparation he thought some graduate 

students in the lab were given, and how it might be an issue to ask graduate students to 

“swim” as they might then “sink to the bottom.” (lines 150-152) To Will, this was different 
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than the ways (which he and Claude both left largely unspecified) in which postdocs 

also might require help and assistance.

§ 4.2 Misaligned Topics and Interactional Trouble in Interdisciplinary Conversation

As the discussion continued, it became apparent that the issues of mutual 

intelligibility that had been raised so far might run more deeply than had been thought. 

The ensuing discussion between Erica, a biologist and postdoc and Natalya, a 

bioinformatician and graduate student, exposed further interactional, as well as 

substantive, difficulties. This took its direction through the way that Erica formulated the 

next topic for the discussion, namely in the way that she oriented it around the slide that 

I had projected from Peter’s earlier presentation.

Erica remarked that the issue in the specific instance that I had brought to the 

table might have been caused by a poorly constructed object– namely, a poorly 

constructed slide.  She insisted that if the slide was “well labeled,” then there would be 85

at least some “information” that would help her form a competent interpretation of its 

contents. With this in mind, Erica formulated a solvable problem: that lab members 

should do a better job in labelling their slides. Otherwise, she says, there is “no 

information” on them. Of course, there are problems with this interpretation: namely, that 

the slide is already labeled. There is a deeper issue here, one that turns on what it 

 Peter, who did not participate in this conversation beyond occasionally laughing or 85

whispering to Claude, would have readily acknowledged that there were problems with the 
slide in question (reproduced in this dissertation as figure 3-2). I had been watching an old 
action movie with Edgar in their living room apartment while Peter had worked to produce the 
slide the night before. He had been sitting at their kitchen table making joke slides and shaking 
his head at his lack of preparation. While I maintain that Peter’s presentation had its successful 
qualities (as I discussed in the previous chapter), Peter continues to insist that it was rushed 
and, on the whole, a badly done. In retrospect, it is fortuitous that I ended up focusing on a 
presentation that apparently had a wealth of issues for discussion.
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means for a slide to be labelled in a way that it is interpretable for different members of 

the lab. However, Erica and the other lab members struggled to bring that issue forward.

There are a number of curious things about this interaction that signal trouble. 

First Erica achieved a very long turn without interruption. She accomplished this by 

projecting a long turn is coming by formulating a “backpackage” (Rawls 1977); an 

incomplete reference that signals that, like a joke, a “punchline” is coming. In addition to 

signaling that a long turn is coming, a backpackage can also signal that a sensitive 

issue is being broached. Taking this type of turn indicates that Erica anticipated being 

cut off as participants reacted to her complaint. She achieved 8 lines in which to talk 

without interruption. Then, after she delivered the “punch line” (between lines 164 and 

166, below), Arthur started talking in overlap with Erica. Then Natalya started to talk in 

overlap with Arthur. Before she surrendered the floor, however, Erica delivered a 

mitigating statement that the problem has been dealt with better over the last couple of 

years. This formulation softened Erica’s complaint. In this way, Erica’s complicated turn 

between 160 and 168, below, consisted of three parts: a preface, a statement of the 

problem, and a mitigation. The complicated qualities of this formulation contributed to 

the ensuing interactional trouble:

159 George: [°Well°]
160 Erica: [^Well,] if >I-coming back to this particular slides, or actually a lot of  
161         slides are from the bioinformatics side, my feeling is because I 
162 come, from comple:tely uh like a biology background, when I first 
163 come to the la:b is really hard to to hh to understand and to foll:ow. 
164 Simply because hh it’s not very wel:l labeled uh:mm and you 
165 couldn’t you sit the:re and you try to figure out what it mea:ns hh 
166 and there is no information on the slide to tell #you#. But that 
167 aspect has been improved a l:ot I think in the last uh couple of 
168 ye^ars. #um#, these are from the, [co]mputational uh
169 Arthur:  [yeah]
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The completion – or punchline – to this turn comes at line 166, and consists of 

the complaint by Erica that “there is no information on the slide”. The extended turn that 

she achieved with the backpackage enabled Erica to preface her complaint with 

references to the difference between what she called the "bioinformatics side" and her 

"biology background." This difference in background, she says, makes it difficult to 

understand a slide that is not “well labeled”.

Arthur picked up on Erica's complaint (line 169-171, below). He reminded Erica 

that "her side" (the biology side) has also had problems communicating through slides 

and presentations in prior meetings. After all, everyone in the lab takes turns making 

presentations to the group about their work. This problem, in which some lab members 

have difficulties making sense out of slides and lab meeting conversation, is not limited 

to a single “side” of the lab. Almost immediately, Natalya seized on Arthur's reply, 

initiating her response to Erica in overlap (line 172, below) before Arthur was finished. 

Arthur's "you saw them," (line 170, below) referred to the projected slide, indicating that 

even though Erica declared that it was not very well labeled, it did have labels. After all, 

Peter’s slide had a title, visible labels on each axis, as well as a legend.

170 Arthur: but also from-from your side right 
171 [like you but-but you saw them, right?]
172 Natalya: [mm^hmm yeah so what’s up of uh]
173 Arthur: [that’s-that’s (unclear).]
174 Natalya: [constructed of a virus] in all the pieces the V2 tag I have no idea 
175 what any of that means.
176 Erica: [=^No that’s just]  
177 Arthur: [=(But the thing is) #°yeah°#]
178 Erica: because you don’t have that knowledge. 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Natalya dismissed Erica’s formulation of the problem. Referring to biological 

terms of Erica’s and objects that she has encountered in their collaborative work, she 

said “I have no idea #what# any of that means.” (Lines174-175) As I mentioned, Natalya 

and Erica work closely together. With this response, Natalya said that she doesn’t 

understand lots of things that Erica gives her to work on. Even so, she works with them 

anyway. 

Erica’s reply, which occurs in overlap at line 176, is that Natalya has raised a 

different issue. Erica’s problem is not one that involves Natalya's knowledge of biology 

or her own knowledge of bioinformatics, but, rather the quality of information that Peter 

provided on his slide. At this point, an interactional problem begins to sprout in the form 

of misaligned adjacency pairs and misaligned topics.

As Sacks, Schegloff, and Jefferson (1978) explained, adjacency pairs (which 

consisting of a matching first and second pair part between turns of talk) provide a basic 

structure for conversation. When participants fail to identify and/or orient basic pairs in 

expected ways (like question/answer, greeting/greeting, statement/assessment), shared 

meaning can become problematic. Adjacency Pair type is an important context for 

determining the meaning of words/utterances (for example, “yes” as an answer means 

something different than “yes” as a question). A match between an utterance and the 

response to it is not only essential to achieving meaning, it is a confirmation of mutual 

understanding. By “misaligned adjacency pair” Rawls and I (forthcoming) mean a turn 

pair in which the pair parts do not match or confirm mutual understanding. These are 

sequences in which several turns are mistakenly treated as a pair by both parties. 

However, each orients to them as a different pair. That is, one participant might treat the 
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pair as a statement/assessment pair, while the other treats it as a question/answer pair. 

The misalignment concerns both the fact that the first and second part of the pair do not 

belong together, and the fact that one speaker is treating an utterance as a first pair part 

while the other is treating the same utterance as a second pair part. In the ensuing talk 

between Erica and Natalya, below, this problem is exacerbated by their speech in 

overlap. Not only do usual pairs fail to take place as they more regularly do, but their 

topics end up out to alignment; that is to say, they wind up having an argument about 

two topics which are not made to intersect.

Topics also function as a sequential context in which the indexicality of words can 

be settled. In the context of two different topics, the same word can mean two very 

different things. In our data we found two different topics in the same sequence of talk, 

each organizing its own competing series of utterances. In this context the same words 

(same/same and exact/exact) have different meanings. This resulted in two people 

using some of the same words, even “mirroring” one another’s talk, and yet meaning 

very different things by those words. It produces a curious effect of parallel talk – in 

overlap – as none of the turns are responsive to the topic of the turn they come after 

even while their lexical contents closely relate.

It is rare in ordinary interaction for such problems to persist. Even small troubles 

usually become apparent quickly and trigger immediate repair and other remedies. 

Schegloff, Jefferson and Sacks (1977) documented a preference for repair to occur in 

the first possible place after a problem. It is rare for troubles in turn taking to continue for 

more than a few turns. In this case, by contrast, these repairs did not take place. While 

both Erica and Natalya seemed to recognize at points that they were speaking past one 
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another (and, at other points, refused to accept that they were not speaking past one 

another), their interaction fell out of joint. This, in turn, made it difficult for them to 

substantially discuss the problems of interdisciplinary communication that both wanted 

to discuss.

179 Erica: because you don’t have that knowledge. 
180 Natalya: =yeah but [it’s the ^same thing. It’s the exa:ct] 
181 Erica:       [>but ^all the kinds that here]   
182 Natalya: [same thing.] 
183 Erica:      [if you     ] just uh-say what’s the-this is the  
184 Erica: ti:me, or this is the fraction of certain things,  
185 Erica: t-then we can try to figure o::ut, what, what it,
186 Natalya: [But its not 
187 Erica:   [>^maybe not exactly 
188 Natalya:  [it’s exac- 
189 Erica:   what it [is and how exac:tly] 
190 Natalya:                        [it’s exac^tly the same, though.] 
191 Erica:   what is the [problem.] 
192 Natalya:                    [is not] 
193 Erica: > having the knowledge ta, of, what how,
194 Erica: =or say [if you say (unclear) or a] 
195 Natalya:                    [specific algorithms it’s exactly the same.]           
196 Erica: statistic test.  
197 Erica: I may not know that test,  
198 Erica: I may not kn:ow  
199 Erica: what does that ted-what that test d:o  
200 Erica: or of how good it is, but I know okay, that means 
201 Erica: a score from this test, from a stat[istic test.] 
202 Natalya:                [but it’s still,] like, 
203 Natalya: not labeled.  

Natalya and Erica mirrored each other’s words: “exactly/exactly” and “know/

know”. However, Erica was trying to say that there are two distinct problems, a lack of 

knowledge and also a lack of exactness in the preparation of information on a slide 

(through the lack of “labels”). This corresponds to both the way she stated her issue and 

the way that she formulated its preface. Natalya, on the other hand, said that those are 

the “exact same thing”. As an example of their crosstalk, I understand Erica’s 
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“exactly” (line 189) to refer to her desire that a slide be labeled well enough that she can 

interpret it. Natalya’s overlapping “exac-“ and “exactly” (lines 188 and 190) refer to her 

claim that Erica’s difficulties in understanding Peter’s slide are the exact same issue that 

Natalya herself encounters when working with Erica’s biological jargon. 

These misaligned sequences recurred as Erica and Natalya went back and forth. 

Finally, at line 202 Natalya did something different. She repeated Erica’s argument in 

overlap saying “[but it’s still,] like, not labeled.” This appears be an agreement that the 

slide was "not labeled”. Unfortunately, this might be interpreted more as Natalya’s 

capitulation to the interactive pressure at work rather than a resolution of what it would 

mean for a slide to be “well labeled.” As Arthur might have pointed out before Natalya 

interrupted him, the slide had labels, titles, and a legend. Furthermore, even though 

Erica focused on labels and mentioned several possibilities for improving labels on a 

slide to indicate time, or fractions of things, or simply indicating that a named test is a 

statistical test (rather than a “biological” test), none of these suggestions were taken up 

and discussed. It therefore remained unclear how those suggestions could be 

implemented and whether they would address the problem of how to make a slide "well 

labeled" for the other “side.”

At this point, other lab members attempted to resolve the conversation. But their 

even-handed attempts to do so did more to diffuse the interactional tension than 

address the topic at hand. This is understandable given the overall participation 

framework of this particular meeting. After all, lab members were being asked to listen 

to, and have a conversation with, a local social scientist. Aside from the turn that the 
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conversation had taken, there was no particular reason to try and work out the 

difficulties of interdisciplinary conversation just at that moment. 

And so, partially standing and turning around in her chair to face Erica and 

Natalya, Whitney then attempted to sum up their dispute. Whitney clearly identified that 

Erica and Natalya seemed to be after two different questions. These questions, which 

orbited around issues of expert understanding, could not be solved in the same way. 

Perhaps, Whitney suggested, some details were “maybe not translatable,” (206-7) while 

others might only require clearly detailed labels. 

204 Whitney: =>Well I think it depends on the question that you’re getting at,
205 if you’re trying tuh, >figure out if your algorithm is working or if your 
206 method is good, the details of how it’s working, are maybe not
207 translatable. >But if you’re trying to understand what your data 
208 means, then the details that #you’re saying that# are
209  [clearly labeled, is those are two different things, right?]
210 Erica: [>yeah what I ^mean is like the ^exp:erts can have a] conversation 
211 but at least the rest of la:b can sit there, look atthe slides and try to 
212 figure o:^ut and then learn something from the conversation.
213 (Unclear): °yeah°
214 Erica: I think that’s more helpful. >Basically it’s, label your sli:des, and 
215 then label your axis.
216 general audience laughter, exhaling
217 Erica: in general.

Replying to Whitney, Erica returned to a theme that was established by George 

and Zoe, and elaborated by Arthur. She said that she wanted to allow experts to have a 

conversation but also enable other lab members to “learn something from the 

conversation.” (Line 212) This “something” echoed Arthur’s same vagueness (line 87). 

The difference between Erica’s point and Arthur’s was that Erica located the slide as the 

kind of object which could be used to negotiate both expert discussion and the 

possibility of non-expert learning. It is in this regard that Erica considered Peter’s slide 

�181



to have been a failure. Indeed, it had been, in some ways, rendered a failed object all 

over again by Erica and Natalya’s discussion, as neither could effectively establish it as 

the field of interaction for their disagreement. In her response to Whitney, Erica’s 

comments broke through the interactional tension that had manifested in her and 

Natalya’s dispute. Most of the lab took up the invitation to leave the conversation at that, 

laughing and sighing as the conversation died down. Soon after, I resumed my 

presentation, provided a similar analysis to the one that I provided here as chapter 3. 

Lab meeting went on and then ended, and everyone got back to work.

In some ways, Natalya’s criticism held even if it went unresolved: there are 

details of expert conversation that cannot be so easily solved by slide labelling 

practices. To point to the slide, or to the slide making practices of the other side of the 

lab, as the root of these problems was to point at the wrong thing. It was like looking at 

a pointing finger rather than the object which a person was trying to indicate. While 

some slides, of course, could communicate more clearly, slides do not, themselves, 

create their own intelligibility. Rather, as Whitney pointed out, slides in a lab meeting are 

understandable in different ways to different readers. This is evident in the previous 

chapter, in which the discussion around the slide crossed into different modalities, 

transforming its content far beyond the structural, graphical boundaries of the slide.

Throughout this situation, the members of the lab debated troubles that they 

associated with lab meeting. Tyler’s initial framing of such troubles as being rooted in 

lab membership, or at least with the difficulties of new membership, proved to be very 

persistent. Such difficulties, however, were revealed through shifting alignments and 

arguments to be related to deeper troubles of interdisciplinary communication in the lab, 
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ranging from difficulties in understanding between experts and neighboring experts, 

differences in preparation and experience between graduate students and postdocs, or, 

perhaps most specifically, in differences between experts in biology and experts in 

bioinformatics. While these troubles might manifest themselves in issues like slide 

labeling, we might regard difficulties in interpreting a slide as symptomatic of the deeper 

difficulties in doing interdisciplinary work. Perhaps there is a limited amount that we can 

do to communicate in presentations, especially when considering the depth of learning 

and experience that is required for mutual intelligibility within a community of experts.

Presenting one’s work, even to colleagues, can present a host of issues. These 

can relate to differences of expertise, training, education, or the interpretability of 

objects like presentation slides. However, lab members negotiate more pressing issues 

than those that were at hand in either of the two meetings that I have presented here as 

a matter of their practical, everyday work. It is to this topic that I turn in the next two 

chapters. In exploring everyday work in the wet and dry labs, as well as the relations 

between the lab’s human, cellular, mechanical, and computational inhabitants, we might 

arrive at a better understanding of how mutual intelligibility within the ecology of the lab 

is done as an ongoing accomplishment.
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Chapter 5: Procedures and their Problems in Routine Laboratory Work

“I am a patient boy
I wait, I wait, I wait, I wait

…
Everybody's moving, everybody's moving

Everybody's moving, moving, moving, moving”

– Fugazi, “Waiting Room”

Genomic sequencing work is done according to sets of procedures. This 

statement shouldn’t be surprising, since genomic work is distributed between socio-

material situations and their inhabitants, unfolding over time. This sort of complex work 

is accompanied by problems of many kinds, including difficulties that lab members may 

have following instructions, avoiding contamination, or processing samples. Following 

the ethnomethodological insight that inhabitants’ situational negotiation and 

accomplishment of procedures is often, itself, the phenomenon, in this study I present 

episodes of mundane, procedural action in a contemporary genomics laboratory. While 

mundane, these episodes contain within them demonstrations of how lab members 

negotiate forms of routine or more novel work in their laboratory. Here, I explore some 

cases of how some lab members settle into routine work and also how some lab 

members build in procedures of quality control to check their work. Such procedures are 

particularly important in molecular biology due to the timescale and fragility of biological 

experiments. Both types of cases illuminate a core concern of scientific work and 

human action in general, illustrating how, to paraphrase Wittgenstein, lab members 

know they can “go on” (2001, §151, p.51).

Instructed action forms a crucial topic for ethnomethodology. As with pedagogical 

settings, situations in which inhabitants of a situation attempt to act on instructions are 
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often treated as perspicuous settings for ethnomethodology (Garfinkel, Lynch, and 

Livingston 1981; Garfinkel and Weider 1992; Goodwin, 1997; Garfinkel 2002; 

Koschmann et. al. 2006; Suchman 2007; Mondada 2009; Macbeth 2011; Lindwall and 

Ekström 2012; Nishizaka 2014). The gulf between a set of instructions and action is 

easily demonstrated. Ethnomethodologists are less interested in demonstrating the 

incompleteness of instructions, however, and more interested in exploring how 

inhabitants, through their artful, interpretive sequences of mutually entangled actions, 

manage to proceed. In this study, I am interested in two different contexts of instructed 

action: one, in which laboratory staff interpret written directions left for them by one of 

the lab’s postdoctoral researchers, and the other, in which a visiting researcher at the 

lab uses a set of results to revise his experimental protocol as he went along. Both 

situations illustrate how laboratory members moved from inscriptions (with one 

inscription recognizable as instructions) to modified trajectories of action.

Prior ethnomethodologists and science studies scholars have previously been 

interested in how molecular biologists interpreted instructions. In particular, Lynch and 

Jordan investigated how instructions featured into the mundane work of molecular 

biology. They examine the details of molecular biology’s own instructions, and how 

biologists consider the various manuals that guide laboratory work (Lynch and Jordan, 

1995). Jordan and Lynch’s (1998) elaboration on the history of Polymerase Chain 

Reaction technology (PCR)  featured interviews and descriptions that demonstrated 86

the interpretive flexibility biologists associated with the procedure. In Lynch’s later 

(2002) article on the protocols and practices of molecular biology, Lynch further 

 Polymerase Chain Reaction, or PCR, is used by biologists to amplify a segment of DNA. It is an 86

essential feature of most genomic sequencing experiments.
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elaborated on his earlier work with Jordan in an exploration of the awareness amongst 

biologists that instructions are interpretable and flexible within situations of everyday 

use.  Within these prior investigations of molecular biology, Lynch and Jordan provide 87

ethnomethodological descriptions, often given by practitioners themselves, of the 

praxeological work of molecular biologists.

In this paper, I will present three situations that came about in the course of 

preparing and evaluating two different genomic sequencing experiments. The first 

involves two members of the laboratory’s staff as they interpreted a set of instructions 

left to them from one of the lab’s postdocs. The second involves a conversation 

between myself, members of the laboratory staff, and a visiting research scientist about 

similarities between samples, procedures, and products. In my third case, I 

accompanied that same visiting researcher as he checked his experimental work using 

an electrophoretic process.  As a result of that process, I will illustrate how that 88

researcher adjusted how he planned to proceed with his experiment.

These are everyday situations in the lab. Through their mundane character, they 

are revealing in terms of the resources that lab members use to interpret and 

understand their work. These processes of labeling, waiting, checking and double-

checking are constitutive features of genomic work. Procedural components of lab work 

like quality control can uncover new problems, that, in turn, can lead to experimental 

innovations. However, problems do not need to be recognized as significant for the 

 Additionally, in the same paper, Lynch explored the ways that evidentiary procedures and scientific 87

testimony in courts might be held to written protocols. 

 In molecular biology, electrophoresis is used to characterize DNA, RNA, or proteins found within a 88

cell.
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whole lab in order to provide insight about the lab and its organization. The problems 

encountered by lab members in the situations that I here present display constitutive 

features of the genomic work at hand.

§ 5.1 Before We Proceed: a Methodological Comment
In examining the ongoing activity of the lab’s “shop floor,” I am most interested in 

how lab members make their courses of action and interpretation publicly observable 

and understandable to one another. I proceed by analytically distinguishing moments 

within a trajectory of action. This methodological move is an analytic procedure that 

creates a metadiscourse around the original flow of action/semiosis. The analysis of 

trajectories of action ironically, and unfortunately, subverts both the temporality and the 

gestalt of such trajectories. While I attempt to use video and diagrams to recontextualize 

components of action in their temporal gestalt, I cannot wholly reproduce that gestalt. 

Once a situation is subjected to analysis, the analyst’s actions laminate over those of 

the original inhabitants, resulting in new situations and transformations in modalities.

This difficulty recalls Garfinkel, Lynch, and Livingston’s description of shop floor 

work as “developingly objective and 'account-able', i.e., observable-and-discourse-

able… unavailable to reasoned reflection, to introspection, to ethnographic reportage, to 

the analysis of ethnographic documentation, or to documented argument except, and at 

best, as documented conjectures.” (Garfinkel, Lynch, and Livingston 1981: 140) Shop 

floor work is one variety of lived experience, and as such is subject to the same flowing 

semiosis as other trajectories of action. We might understand “developingly objective” in 

the ethnomethodological sense to overlap with the publicly available, temporal gestalt of 

social action through which situational inhabitants move. In cases in which we are 
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interested in inhabitants of a social milieu, we might extend our consideration of our 

Umwelt to take into account that inhabitants move fluidly through their medium but 

cannot comment upon their movement as they unfold within it.  Nor can inhabitants 89

wholly recover or remedy that unfolding after the fact. 

Our social umwelt is like Garfinkel’s ethnomethodological background in that it is 

submerged as a consequence of the ways that we inhabit our world. As Garfinkel’s 

breaching experiments revealed, this background does not merely exist as a byproduct 

of our being but is something that we actively seek to preserve (Garfinkel 1967). 

Inhabiting (in other words, being within) social reality accounts for our difficulty in 

commenting upon it, as we may out of practical necessity find it difficult to perceive the 

medium through which we often unproblematically move.

Within my analyses below, I will discuss a few intertwining trajectories of action in 

the wet lab. My method of analysis, academic genre writing, and the medium of this 

paper all present constraints on this demonstration, namely that I will present these 

trajectories in text. Much of this demonstration will take the form of a transcript of talk 

and action, made analytically distinct through the technology of transcription. While you 

 To further travel with C. Goodwin, we might look to see how the inhabitants of a situation 89

move through it together. The preference for “inhabitants” over similar terms like “actor” or 
“member” originates, for me, with Chuck’s desire to signal the interrelation of actor and 
environment. This has echoes of both gestalt psychology and phenomenology. In particular, this 
resonates with von Uexküll’s concept of the Umwelt (1926), a concept that we later see read 
into biosemiotics (Augustyn 2009; Favareau 2010). While gestalt theory may have initially been 
tied to perception (as in the case of the Umwelt, in which living beings have a perceptual 
apparatus that reciprocally senses the world in those ways that afford their continued living), we 
might consider that living, or experience, builds public architectures for perception within 
communities. Indeed, we might see pedagogies directed towards projects as demonstrating 
how such architectures are co-operatively produced over time (Goodwin, C. 2017). 
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may read this transcript sequentially, I ask you to attempt to reassemble within it 

moments of simultaneous action.

As I describe in the appendix, the transcript makes use of my variation of 

Mondada’s conventions for multimodal transcription (2014), which is itself an adaptation 

of the technology of conversation analytic transcription rooted in the work of Sacks, 

Schegloff, and Jefferson (1978). These textual technologies emphasize not only talk 

and descriptions of actions and other scenic features, but also pauses (for example, a 

period “.” to indicate a single second pause), vocal pitch (for example, “^” to indicate a 

rise in pitch compared to surrounding talk), articulation (for example, “#” to indicate 

creaky voice or “£” to indicate a smiling or laughing voice), volume (for example, “°” to 

indicate speech quieter than surrounding talk), and speed (for example, “=“ to indicate 

talk that latches directly onto preceding talk, “>” to indicate noticeably more rapid talk, or 

“:” in between syllables to indicate elongated sounds), as well as the timing of gestures 

(for example, “…” to indicate an action in preparation, “,,,” to indicate one in conclusion 

or retraction, or “> >” to indicate an action that is ongoing until a change is mentioned).

Within this scene, I will describe the actions of several different people– Olivia, 

Sam, Ryan, Anton, and Don (myself). In my transcript, speakers are identified by their 

names, while descriptions of their actions are identified with the first letter of each name 

(“O” for Olivia, “S” for Sam, “R” for Ryan, “A” for Anton, “C” for Chati, and “D” for Don). 

In a departure from the previous chapters, to better reflect the timing of ongoing, 

sequential, and simultaneous actions in this chapter, I will reference timecodes on the 

left side of the transcript. These are provided in a 00:00:00 format, reading from left to 

right in minutes, seconds, and video frames. As I was recording in 30 frames per 
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second, each frame lasts for 1/30th of a second. Some actions only take a fraction of a 

second, and, as I hope to demonstrate, this rapid timing is important to the simultaneity 

of overlapping actions as they developingly unfolded.

§ 5.2 Olivia and Sam Work Through Labeling

The setting of my first (and second) example will be familiar to those who already 

have some experience with contemporary, institutionalized biology. The situation takes 

place in a room that is filled with rows of lab benches that stand about a waist high, with 

shelves stuffed with flasks, tubing, electronics, power outlets and nests of cables, 

computer monitors, racks of pipettes, and boxes of gloves. Laboratory staff, graduate 

students, and postdoctoral researchers who perform molecular biology experiments 

have “benches,” but this typically references a length of a benchtop more than a 

discrete and partitioned object.

The scene began as I stood at the end of a row of lab benches with my camera.  90

Two lab staff members, Olivia and Sam, were already working on writing labels 

according to Erica’s written instructions. As I recorded, Olivia walked over to Erica’s 

bench (Erica herself was absent from the scene) to retrieve a sheet of labels. These 

looked like a few rows of brightly colored dots on a glossy white background. Sam was 

already labeling a similar sheet, while Anton, a visiting researcher who was working on 

a benchtop nearby, was loudly banging around bins for test tubes and biological assays. 

For the first thirty seconds or so, I remained at the end of the row and so did not pick up 

many of the ensuing details:

 This particular situation took place in October, 2016.90
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1 00:00:00 O stands up and crosses over to Erica’s bench, where O takes 
2 out another label sheet. > >
3 S is already writing labels at the benchtop next to O
4 R is using a calculator on the bench opposite
5 A is audibly banging around and cleaning bins off camera
6 00:10:00 O returns with sample sheet to her benchtop and stool
7 S looks up and turns her head to O > >
8 00:11:00 Olivia: (unclear, inauduble) (now you can ^label)
9 00:14:00 O reaches into a shelf above her bench
10 00:16:00 Olivia: (unclear inaudible)
11 O sits, pulls herself to the benchtop > >
12 00:18:00 Sam: (unclear, inaudible)
13 O looks in S’s direction
14 00:19:14 S stops writing labels, points (taps) to instruction sheet with finger
15 00:22:28 S does so again
16 00:24:00 O picks up corner of the instructions
17 00:24:06 Sam: ^Okay
18 00:26:13 S returns to writing labels > >
19 00:27:00 O shifts something on her bench out of the way of her sheet, looks 
20 over at the instructions and S’s sheet of labels
21 00:28:28 D walks himself and the camera over in back of and between O and 
22 S, offset to S’s right > >

Much of this sequence of actions involved how Olivia moved through a small, 

local space in her lab. She gathered materials and situated herself at her bench. As she 

returned from Erica’s bench, Sam visually acknowledged her (line 7), which prompted a 

few remarks from Olivia as she continued to gather materials for her work. Once Olivia 

sat and pulled herself closer to the benchtop, Sam said something while Olivia looked in 

her direction (lines 12-13). With Olivia’s attention, indicated with her turned head and 

gaze, Sam stopped her work in progress and pointed at the instruction sheet. Sam then 

tapped the sheet twice. Closely following Sam’s taps, Olivia picked up a corner of the 

instruction sheet to scrutinize it. At this, Sam said, “Okay” and returned to writing labels 
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Figure 5-1: Olivia and Sam’s mutual monitoring as Olivia prepares to join Sam in writing 
labels

(lines 17-18). Olivia then continued her preparations by clearing space on her bench for 

the sheet, initially looking at the instruction sheet and then over at Sam’s sheets of 

labels (lines 19-20). At this point, having noticed something in progress for a few 
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seconds, I walked my camera behind and in between Olivia and Sam as they continued 

to work (lines 21-22).

This sequence demonstrates how the inhabitants of this situation, already 

engaged in trajectories of action, adjusted those trajectories in response to the local and 

publicly available (“developingly objective”) actions of those around them as those 

actions were embedded within the situational ecology at hand. Sam was already 

engaged in a course of action, working off a set of instructions to write labels. Olivia, in 

these thirty seconds, prepared to do so. As Olivia conducted those preparations, Sam 

altered her actions in fluid coordination with Olivia’s movements between the rows of lab 

benches. This is visible from my recording, in which we can see Sam turn her head from 

her work of writing labels to face Olivia. Olivia, in turn, spoke while simultaneously 

continuing to gather the materials that she would need to carry out her work. Once 

Olivia sat down, she mutually oriented her head to Sam. 

The two then oriented around a shared material object: Erica’s sheets of 

instructions. As Olivia prepared to work on writing labels with her, Sam changed the 

trajectory of her activity. Rather than continue to write labels, she drew Olivia’s attention 

to Erica’s instructions. After the second round of Sam’s taps, Olivia grasped the 

instructions, prompting Sam to say, “Okay,” and return to her prior course of action. The 

speed of this transition is remarkable, as it only took around 12 frames between Olivia 

picking up the instructions and Sam’s verbal response. This timing is important because 

it demonstrates how rapidly we might adjust from one trajectory of action to intertwine 

with the actions of another, and how rapidly we might then return to our original course.
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In addition to timing, I am also interested in Sam and Olivia’s use of a shared 

material inscription. Sam and Olivia produced a rapidly coordinated sequence of actions 

that were involved not only with the text of the paper, but the paper itself as well as its 

position on the bench space between them. The symbolic content of the instructions 

(reproduced below, between lines 33 and 34) can only take us so far in our 

understanding of these actions. Instead, the actively unfolding social-symbolic-material 

arrangement, which we might understand as a semiotic arrangement only in the sense 

that I argued for above, is as a whole constitutive of the order of Sam and Olivia’s 

actions. This is a semiotics of how developingly objective action takes place in the world 

and through time. With it, I am concerned with how, through developing actions, 

inhabitants make the situation and world intelligible.

Once Olivia, Sam, and I were situated to either work on labeling or record that 

work, they began to perform further operations on Erica’s instructions. Sam and Olivia 

began to write labels on their respective sheets of colored dots while I adjusted my 

camera’s frame to move between that activity and the legible, written contents of the 

instructions. As I did that, Olivia began to scrutinize the instructions more carefully, 

taking an amount of time apparently noticeable and made accountable by Sam, who 

turned her gaze back from her work to Olivia: 

23 00:36:00 O begins to write labels
24 00:36:24 D ... stops and holds frame
25 00:40:23 S uses her finger to count a number of labels out on her sheet > >
26 00:44:00 S … labels
27 00:44:10 O looks over at instructions > >
28 00:47:05 D moves in closer to be in between and in back of O and S > >
29 00:48:10 O … returns to label writing
30 00:51:08 O looks over at instructions
31 00:53:22 O … returns to label writing
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32 D … zooms in on instructions, which appears to be the last 
33 page of a two or three page set of instructions, reading:

• Aliquot into 15ul per tube, label and store at ~80 degree.
• Label as the following:

• For RPS1-3: pLEX307-RPS24-long#3 (with a handmade √ next to it)
• For Rbfox3-Q-1: pLEX307-Rbfox3-Q#1

Starting with “Label as the following”, the original instructions were printed in red ink.

34 1:02:18 D zooms back out > >
35 1:07:00 O looks over at the instructions
36 S writes labels > >
37 1:08:24 D … stops zooming out, holds frame > > 
38 1:12:01 O … returns to writing labels > >
39 1:18:16 O looks over at the instructions
40 1:18:26 O … leans in more closely towards the instructions > >
41 1:22:20 > > 
42 1:23:00 S looks up suddenly, eyes on O > >

Once Olivia and Sam began to work on writing labels together, they each quickly 

became absorbed. For my part, I initially stopped moving and held the camera’s frame 

steady to record them both. While the frame was steady, Sam briefly counted out a 

number of labels on her fingers before she returned to writing on them. After a few 

seconds of writing labels, Olivia looked back over to the instructions. I moved closer to 

Olivia and Sam, picking up more details of their activity. Olivia then continued to switch 

her attention between Erica’s instructions and her own labels. This was indicated by the 

movements of her head and her interruption of her writing process. Having focused on 

this repeated activity for a few seconds, I zoomed and focused in on the instructions 

that were visible on the last sheet of Erica’s instructions. I zoomed back out as Olivia’s 

attention lingered on those instructions, while Sam continued to write labels. Olivia then 

returned to writing labels, but only for a few seconds. As had become routine in the last 

thirty seconds, she then redirected her attention to Erica’s instructions. In a departure 
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from that routine, Olivia then leaned in more closely, appearing to scrutinize them more 

carefully for several seconds. After Olivia’s change in posture and (in a situationally 

observable and accountable sense) her extended pause in activity, Sam suddenly 

looked up from her own work and turned her gaze to Olivia.

As all three inhabitants of this situation proceeded, each was deeply involved in 

an interplay between their bodies, the labels, their pens, and Erica’s instructions in the 

course of their actions. Oriented as they were around shared objects, Olivia and Sam’s 

work was reflected in each other.  Both were deeply involved in an interplay between 91

their bodies, the labels, their pens, and Erica’s instructions. Sam used her fingers as 

part of visibly keeping track of a number of labels, while Olivia’s regular checking of the 

instructions was noticeable in her re-orientation of her head and her gaze between the 

instructions and her sheet of labels. I, engaged in the operation of my camera, 

repositioned my body and then adjusted my camera to capture details both of this 

embodied engagement and of text of the instructions, written in legible symbols. All of 

this action took place through the manipulation of bodies, materials, and space with an 

absence of talk. While talk was absent, however, shared participation in intertwined 

trajectories of action was developingly observable in Olivia’s, Sam’s, and my own 

coordinated actions.

 In this, their work was noticeably different than Gurwitsch described in his sense of “being-91

next-to-one-another.” He saw that as an encounter between consociates in which, “because 
they work next to one another, the work of the one does not itself become observable in the 
work of the other” (1979: 107, emphasis original). We might see Olivia and Sam’s work here as 
an important exception to this more alienated, role-driven idea of work. It might be that 
Gurwitsch remains correct in some cases, but we can see from this case that work that is made 
observable in between two people working together might indeed be visible in the work of both. 
This might be particularly important in cases of instructed actions, especially those that rely on 
built architectures for perception such as hopscotch grids (M. Goodwin 1995) or Munsell color 
charts (C. Goodwin 1994).
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At the end of that sequence, Olivia accountably lingered over Erica’s instructions 

until Sam looked up from writing labels. Olivia then broke the verbal silence to ask a 

clarifying question about how far Sam had proceeded through the instructions. Pointing 

at a line of the instructions, Olivia asked if Sam had made that batch of labels. Olivia 

and Sam then negotiated together how to incorporate the complex labels that Erica had 

directed (for example, “pLEX307-RPS24-long#3”) onto the relatively small labeling dots 

that were only around an inch in diameter. They accomplished this using each other’s 

talk, their fingers, and Sam’s marker in closely co-ordinated sequential activity:

43 1:23:22 Olivia: is it this,
44 1:24:10 O points to line of instructions with the marker she is using to label
45  > > S looks at the line O indicates
46 1:24:17 Olivia: You have to make this batch?
47 1:25:27 Sam: =O:oh no.
48 1:26:14 S underlines a segment of the instructions with her marker > >
49 1:26:20 Olivia: #Okay#. Just-
50 1:27:10 Sam: =Mm^hm.
51 1:27:30 Olivia: °Just° (unclear)
52 O leans back in seat, raising marker > >
53 1:29:00 Olivia: Like, ^no?
54 O returns to writing labels > >
55 1:30:00 Sam: £Ah-ha ha£
56 S strikes out line of instructions to sample sheet and returns
57 1:30:15 Sam: £It’s not gonna fit. hh£
58 1:31:01 O looks over at S’s sheet > >
59 1:32:10 Olivia: Wo:oow okay.
60 1:35:03 O returns to looking at her sheet

In this exchange between Olivia and Sam, their fragmented, latched talk was 

accompanied by their rapid operations, including modification, on and of their 

instructions. Olivia, who had been attempting to write Erica’s detailed labels, asked if 

Sam had to make “this batch,” while pointing to a line of instructions. Looking at the 

instructions on that page (reproduced here between lines 33 and 34), we can see that 
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“this batch,” without additional reference or specification, might refer either to sample 

preparation (as where it said “Aliquot into 15ul per tube, label and store at ~80 degree.”) 

or to how the labels for those samples ought to be written. The reason why Erica had 

instructed Olivia and Sam to write two sets of labels was because she was running two 

different, concurrent experiments with two very different samples. While they contained 

different biological materials and would be used for different experiments, these 

samples would look practically indistinguishable to the human eye. That is, unless Olivia 

and Sam attached labels to them.

The trouble that Olivia brought into view between her and Sam’s courses of 

activity here emerged from the practical activity of writing complex labels onto small 

labeling stickers. While that is a practical trouble, Olivia and Sam seem to have 

experienced no corresponding interactional trouble in specifying the problem, despite 

the open-ended utterance “this batch” and its multiple possible referents. We might 

understand that trouble to have been avoided by the multiple scenic resources at hand, 

from a shared space to similar (able, human) bodies to a mutual understanding of their 

work. We might regard “this batch” and Olivia’s accompanying point as an indexical or 

deictic pair. But there is more in the scene than her utterance and pointing. There are 

also the instructions to which she is pointing, the participation framework of working side 

by side, and, most importantly, the sense of engaging in a shared form of activity. It is 

only in the gestalt of these components that the situation unfolded.
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Figure 5-2: Olivia’s lingering pause over the instructions is followed by Sam’s attention, 
displayed through embodied action. Responding to Sam’s display, Olivia asks Sam to 

clarify the instructions for her.

Examining the timing of the resulting interaction, we can see how quickly Olivia 

and Sam clarified the trajectory of action with which they were both now involved. To 

Olivia’s question, “You have to make this batch?,” Sam immediately replied, “=O:oh 

no.” (Lines 46-7) Within a few frames, Sam then underlined a segment of instructions 
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with her marker. Olivia’s next, incomplete utterance, “#Okay#. Just-,” was met with 

Sam’s immediate and affirmative reply, “=Mm^hm.” (Lines 48-50) Olivia then quietly 

repeated, “°Just°.” (Line 51) These rapid utterances, in this paragraph stripped of their 

ecological context, are only seemingly incomplete. Examined together with Olivia and 

Sam’s coordinated actions, as well as the instruction sheet, we might understand them 

in a similar way to Olivia and Sam. Instead of taking “make this batch” to be about a 

sample, or about the entire label as Erica drafted it, Sam’s underlining emphasized only 

part of one label. In doing so, she redirected Olivia’s question to a practical solution: 

they “just” had to write one part of the suggested label. 

Figure 5-3: Sam issues a correction for Olivia through talk, action, and the timely, 
indexical alteration of the instructions

From line 52 on, we can see Olivia and Sam’s agreement on this adjusted course 

of action. That adjustment was accomplished with a mixed gestalt of actions and 

symbols linked together by both inhabitants’ rapid movements and utterances. This 

combination extends past “environmentally coupled gestures,” (C. Goodwin 2007) and 
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into a way of “building action in public environments with diverse semiotic 

resources.” (C. Goodwin 2010) 

The actions in this situation are embedded within the lab’s world. This is visible in 

the content of the labels, the objects that they reference, and the experiments 

(themselves, extended courses of action) of which they’re part. The practical trouble of 

writing extended labels on small stickers contains traces of that experimental work and 

the form that it takes. By way of the situation that I analyzed above, I hope to have 

demonstrated a meaningfully entwined gestalt that emerged as a publicly accountable 

phenomenon in the course of mundane lab work.

The significance of this example lies in the way that Olivia and Sam coordinate 

themselves into a piece of routine laboratory work. As staff members of the lab, both are 

asked to constantly re-enroll themselves into projects given by other lab members (as, 

for example, they were asked in this example by Erica, in the mediated form of her 

written instructions). The analysis above illustrates the ordinary, embodied and situated 

resources by which Olivia and Sam, as laboratory inhabitants, adjusted one another to 

this particular routine task. While writing labels is a routine activity, Olivia needed to 

negotiate how to write these particular labels for, as Garfinkel put it “another first 

time.” (1967, 9)

§ 5.3 A Conversation About Procedural Similarity

A few months after the situation described in the section above, in March 2017, I 

was hanging around in the same bench area of the lab. The scene was busier, with a 

few different lab members either in the midst of preparing samples or waiting for steps 
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of an experiment to conclude. In addition to Olivia, Chati, another staff member, as well 

as Anton, a visiting researcher, were present. A few other lab members, a mixed bunch 

of staff and graduate students, were also around but did not actively involve themselves 

in our ensuing conversation.

Within the scene, I found myself unable to tell, from the appearance of these 

different forms of activity, what projects the people around me were working on. So, 

being the nosy ethnographer that I am, I turned to look through the bench next to me 

and asked a Anton what he was working on. Anton, already possessing a PhD, had 

been participating in the lab for a few months at that point, gathering data on the way to 

establishing a startup.92

For a few seconds, I simply recorded Anton pipetting some biological materials 

into a rack of test tubes. As he continued pipetting, I asked him what he was working on:

1 0:25:00 Don: If you don’t mind pipetting and talking at the same time, ^what 
2 are you do:ing? What are you working ^on? £hh
3 0:31:00 Anton: Allergen samples, uhh °(unclear)° . .
4 A continues, for the most part, to keep focused on pipetting, only 
5 momentarily breaking his gaze to glance at D
6 0:39:00 Anton: °um,° . . . . . .
7 0:44:00 A flicks a used test tube into a trash box and it bounces out, so he 
8 picks up the box once, twice, looks for it, and finds it. Then he 
9 returns to pipetting > >
10 0:55:00 D pans away to the right, moves to sit by O
11 1:01:00 Don: You workin on the same samples?
12 1:02:00 O spins to look at D. Meanwhile, C looks on.
13 1:03:00 Olivia: Hm?
14 Don: Are you working on the same samples, er,
15 O returns her gaze to her own pipetting > >
16 1:06:00 Olivia: Same samples? °As who:[o]°

 Anton has since established a startup, the first eCLIP-seq service provider, together with 92

Claude and Arthur, the lab’s principal investigator. During his stay in Arthur’s lab, Anton became 
an adept practitioner of the eCLIP experimental protocol.
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17 Don:           [Well.] Anton’s working on
18 Don:    [some.]
19 Anton: [She worked] on my samples, but,
20 O turns her head to look at A, who, speaking from the other side of 
21 the bench in back of her, is behind her.
22 Don: hh
23 Anton: different ones
24 O returns to pipetting > >
25 Don: Oh, okay. °h° how different?
26 1:15:00 Anton: Very. . . ah:h completely different projects
27 1:19:00 D pans left to frame A

In this sequence, lab members attempted to continue working while being 

subjected to ethnographic questioning. Anton took a few seconds to respond to my 

question after being addressed, and even then responded only minimally, interjecting a 

quiet response token “°um°” (line 6) a few seconds after succinctly describing his work 

as “Allergen samples.” (Line 3) Responding to Anton’s nonverbal dispreferring of further 

dialogue, I went to sit by Olivia. Interrupting her in the midst of pipetting, as well, I asked 

if she was working on “the same samples.” (Line 11) Understandably, as she had been 

focusing on her own work and I did not provide an obvious referent, Olivia responded 

with some confusion, repeating my “Same samples?” and adding, quietly, “°As who:o?°” 

(Line 16) Correcting my mistake, and already realizing that supposing that Anton and 

Olivia’s proximal, similar forms of work likely did not mean that they were engaged in the 

same project, I answered that Anton was also working on some samples. At this, Anton 

spoke up from his side of the bench, across from Olivia. He explained that, while Olivia 

had previously worked on his samples, they were now working on different projects. 

When I asked, “how different?,” (Line 25) Anton replied “Very. . . ahh completely 

different projects.”
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In the midst of this somewhat awkward situation, I thought that I had better 

explain myself:

28 1:21:00 Don: hh^heh hh
29 A Stands and picks up the trash box
30 1:22:14 D Pans right, back to frame with O and C
31 O continues pipetting > >
32 C continues sitting > >
33 1:29:18 Don: See I’m realizing this is, 
34 1:30:23 C turns to look at D
35 Don: this is one of the things 
36 O looks at D, then back at her bench while she continues
37 organizing sample tubes and racks > >
38 1:33:25 Don: that has caused me #uh:h# some difficulty in trying to trace (.) 
39 1:35:18 O looks at D, grinning > >
40 Don: transformation of projects 
41 1:37:28 O looks back at her bench, still smiling > >
42 D: over ^time in the la:^b, is the number of simultaneous different 
43 projects that happen
44 1:42:05 Olivia: Ah. °Yeah.°
45 O nods, then C nods
46 Don: That to me will look si-like they could potentially 
47 1:46:05 C nods more rapidly
48 Don: be the ^same pro^ject?
49 1:47:11 Anton: mmm no.
50 A speaks from off camera

Starting on line 33, I attempted to situate my interruption of Anton and Olivia’s 

work in the context of my ongoing ethnographic project (a project which I had been 

working on for nearly four years in the lab). While Olivia and Anton continued to work 

and Chati continued to sit back in his chair, I explained that the simultaneity of projects 

that lab members engaged in could become confusing. At this, both Olivia and then 

Chati nodded. (Line 45) When I went on to say that, to me, those projects done at the 

same time could look like they might potentially be the same, Chati nodded more 

rapidly. (Line 47) Anton then spoke from my left, off camera, saying, “mmm no.” (Line 

49)
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I do not take Olivia and Chati’s nodding as agreement so much as markers of 

engagement or continuers as I explained what I thought I was doing. Lab members do 

not have much trouble considering that someone might not be able to understand the 

differences in their work. In this interdisciplinary lab, misunderstanding one another’s 

work is commonplace. This is compounded not only through the lab’s mixed bag of 

molecular biologists, bioinformaticians, biochemists, and even materials scientists, but 

through the different types of projects that lab members work on, often at the same 

time. In some cases, as in the example in the section above, a postdoc might be 

engaging in two different projects at the same time, instructing the lab’s staff to label 

their samples appropriately. In other cases, as when the lab is pursuing more 

encyclopedic projects that, for example, seek to discover sets of RNA-protein 

interactions, the lab may run hundreds of the same experiments on only slightly different 

samples. Outside of the routine flow of work, as I usually am, it can be difficult to discern 

similarity and difference from how forms of mundane work (like pipetting) might appear.

Anton’s response to my explanation, and final rising, questioning intonation about 

how projects might look the same, was of a piece with his earlier remark that he and 

Olivia were working on completely different projects. Even so, I continued to press on 

their seeming similarity:

51 Don: Because the forms of the activity looks the same. You’re both,
52 1:50:06 Anton: > Activity looks the same but the projects 
53 1:51:22 D Pans right to frame Anton, who is shaking a sample tube by hand
54 Anton: could be comp:le:etly completely different. ^Yeah they have 
55 some common stuff not that we like (.) 
56 1:59:18 A begins shaking another sample tube
57 Anton: shooting blots and then save time 
58 2:02:10 D steps closer to Anton
59 Anton: what (plates or somehow)
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60 2:03:12 A looks through the middle of his bench to look at C

I replied to Anton's disagreement by re-iterating that “the forms of the activity 

looks the same.” (Line 51) Anton agreed with this, echoing my words but then adding 

that those appearances could be deceiving. Even when lab work might have things in 

common, like “shooting blots,”  (Line 57) Anton maintained that the projects themselves 93

might be entirely different. This makes sense from a perspective that understands 

experiments to contain components that might be combined or recombined to work with 

different samples and target phenomena. 

Chati spoke up on this point and expanded it further, including using the same 

experimental protocol for different projects:

61 2:05:04 Chati: Well, you could be even a bigge:r, mindfuck 
62 D pans right to frame C, who walks closer to D and A
63 Chati: When like (.) cause we’re doing the same proto^col but for 
64 different projects.
65 C faces D, punctuating words with his left hand
66 2:12:13 Don: Right.
67 Anton: But I do (unclear)
68 2:16:06 Anton: Yeah but final 
69 2:18:00 D pans 300° to frame A, who has moved to join him and C
70 Anton: final product is similar, what we do with it
71 2:21:10 Chati: Except for me I’m doing the bi-collaborations with other labs, 
72 C gestures to the benches to his left, which were occupied by 
73 members of another lab
74 Chati: and it’s the exact same (.) protocol. And I’m doing the exact 
75 same thing °it’s just°
76 2:29:12 C moves right hand, dipping, in a row, miming pipetting
77 2:30:00 Don: [Yeah.]
78 Chati: [You have] (unclear)
79 2:32:00 Anton: If you do CLIP
80 3:32:11 D pans right to A

 This refers to common techniques used to identify proteins, DNA, or RNA, known as the 93

“Western,” “Southern,” and “Northern” blots, respectively. As this lab specializes in RNA biology 
and has done a great deal of work on RNA binding proteins, Western and Northern blots are 
frequently used as components across experiments and projects.
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90 Anton: because yesterday I did CLIP today very different work uh.
91 2:35:11 A holds up and looks at his rack of test tubes
92 Chati: I guess
93 Anton: =problem so pray.
94 2:37:19 A flashes test tubes at C, then quickly turns
95 Anton: I go (unclear) (.) Pray haha

Figure 5-4: Chati miming pipetting, illustrating a form of routine laboratory work (Line 76)

Chati began by offering to explain my confusion about how multiple, 

simultaneous projects could look the same. He said that, in fact, lab members were 

often “doing the same proto^col but for different projects.” (Lines 63-4) Anton offered 

further agreement, saying that the final products of following the same protocols were 

similar, but what differed was “what we do with it.” Chati replied, in contrast to Anton’s 

earlier insistence on complete difference between projects, that in his work both within 

the lab and for the lab’s collaborators, he was doing the “exact same thing.” (Lines 74-5) 

He then mimed the repetitive movement of pipetting by way of demonstration. (Line 76) 

Anton agreed, replying, “If you do CLIP,” (Line 79) the protocol that Chati was 

talking about and the one the lab ran the most.  Holding up his rack of of freshly 94

 As I have described in previous chapters, much of the lab was engaged with producing CLIP 94

experiments for the ENCODE project (or the ENCyclopedia of DNA Elements). In the last five 
years, the lab has produced over 350 different eCLIP experiments.
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prepared samples, Anton then said “today, very different work,” (Line 90) adding, for 

good measure, “so pray” and “Pray haha.” (Lines 93 and 95) As Anton would explain to 

me momentarily, his work was a little more exciting that day than “Allergen samples,” 

might have initially made them sound. First, however, I had to chase after Anton as he 

left the bench room and took the elevator a few floors down to the building’s Stem Cell 

core.95

§ 5.4 Preparing and Testing Samples: a Molecular Biologist’s View on Error

In the section above, I interrupted Anton as he finished preparing a set of 

biological samples. At the end of the conversation between Anton, Olivia, and Chati, and 

I, Anton sped off to test his samples using a tapestation.  Waiting for the tapestation to 96

process his samples, our conversation turned into an impromptu interview. We started 

talking about sample preparation, contamination, and the costs of errors in biological 

work compared to bioinformatic work. Anton portrayed himself as a very careful 

researcher, handling samples and reagents in ways that might seem extreme to other 

lab members:

1 Anton: It’s how people handle, stuff some people, for example I:I do many things
2 very weird:ly 
3 A makes “air quotes” with his hands by holding both hands up and bending both 
4 sets of index and middle fingers
5 I do::o very different from other people, >for example I don’t take my reagents 
6 from the table, without special cooler. Which [costs]
7 Don:   [°hm°]

 The shared Stem Cell core facility is a major part of the initiative behind the Somerset 95

Consortium and its funding through CIRM, as I discussed in chapter 2.

 A tapestation is an automated electrophoretic system which I will describe in greater detail in 96

the coming pages.
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8 Anton: like fifty, eighty dollars maybe hundred bucks, bu::t I do kn:ow >so 
9 reagents since you usually enzymes is minus twenty  so I don’t expose them to 97

10 u:hh to room temperature or even uhh zero degree temperature >I [keep]
11 Don:                         [right]
12 Anton: them in the cooler. They could go:o like eighteen degree but uh negative 
13 eighteen celsu
14 Don: Uh-huh
15 Anton: So:o this way I protect m:y reagents my experiments much mo:re, so, 
16 companies say it’s optimized over that it’s like very robust if people forget on the 
17 table overnight, which is very common thing (.) um (.) mm-most people never 
18 clean their bench so I never forget reagents because I move be:nches it’s like 
19 new bench,
20 Don: Right.
21 Anton: =everyday. Uh morning til evening (.) and I wash it, so:o company jobs to 
22 do like, lots of reagents (unclear) we should know if it’s usable or trashable. 
23 Don: Right.
24 Anton: Uh:hm ^and this way it wil:l remove what I believe how people are mixing 
25 reagents because some-our reactions is like eight compounds six compounds 
26 seven compounds >If you forgot single compound the difference between IT 
27 people and lab >if you forgot single compound, by some reason, you screwed. 
28 Your whole month of experiments could be one month experiments i:s dead.

As a visiting researcher, Anton had a number of unique arrangements with the 

lab. Amongst these arrangements was the general permission to pursue his own work, 

as long as he helped the lab run some of its more routine experiments (for example, as 

he referenced in the section above, CLIP-seq exeperiments).  When he worked on his 98

own experiments, as he was in this situation, Anton proceeded a little differently than 

other lab members. Part of this had to do with his careful attitude in the face of the 

fragility of molecular biological experiments, but part of it also had to do with Anton’s 

temporary status. Where other lab members with permanent spaces might forgetfully 

leave a reagent out overnight, Anton said that he was unlikely to do the same as a result 

 This refers to -20° celsius97

 In contrast to the lab’s graduate students, postdocs, project scientists, staff, and principal 98

investigator, Anton was neither a student at, nor employed by the lab or UCSD.
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of moving his setup each day. In Anton’s narrative, this dovetailed with his own 

predilection for the careful maintenance of his reagents and samples. The stakes for 

proper sample preparation, Anton explained, are high: forgetting a single compound in 

sample preparation (or, presumably, mixing in an improperly stored reagent) might 

mean that an entire month’s work would be wasted.

Anton considered this fragility to be particularly different from how errors might 

surface in bioinformatic work, a topic that I had introduced earlier in our conversation. 

He elaborated on the contrast between “IT people” (Lines 26-7) and himself as he went 

on:

29 Anton: could be one month experiments i:s dead. 
30 Don: Yeah.
31 Anton: =If you forgot one of the major compounds, you can control, make 
32 checklist, but in the lab we cannot do ty:po. (.)
33 A raises arm in the air and, pinching index finger and thumb together, draws a 
34 “check” sign
35 Don: h[uh].
36 Anton: [in] most cases. 
37 Don: Right. Okay. 
38 Anton: A:nd computer people might believe they can do typo in the co:de if they 
39 can gaze back and figure out where the typo.

Anton referenced a checklist like the one Olivia and Sam worked off of in section 

3 of this paper as a means of “control.” (Line 31) In this case, “control” meant a way to 

avoid making an error in sample preparation. In the situation I described above, in 

section 3, we might consider labeling practices to feature as a similar kind of control, 

especially when a lab member pursues multiple experiments, with different samples, at 

the same time. Anton went on to say that, “in the lab we cannot do ty:po.” (Line 32) This 

was an interesting choice of words, loaded with significance in terms of how Anton saw 

the difference between his everyday modes of work as a molecular biologist and that of 
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the bioinformaticians who worked in the lab. It also captured the difference between 

how Anton presented the ways that biologists and bioinformaticians dealt with error. For 

bioinformaticians, Anton said that they can go back, upstream in their work, and correct 

an error as simply as correcting a typographical error.  Anton considered this sort of 99

work, in which one could go back, delete a problem and insert a fix, to be impossible 

when working with developing, biochemical experiments. The temporal order of those 

experiments had to deal with the developing, often live, phenomena of biology in a 

different way: 

40 Don: ^Ye:ah. I hadn’t thought of that-th-is it really h that’s really interesting 
41 distinction. =I 
42 Anton: >Yeah [so way i:s the (unclear) fragments]
43 Don:               [yeah. Yeah, the timing of is so different.]
44 Anton: Yes so if you’re doing experiments. So now
45 A points to the laptop to his right
46 Anton: we’re running where we spent one month of (unclear) cells from 
47 particular, similar to what Kirk doing for CRISPR stuff. So we generated li:nes of 
48 cells it twenty days to grow 
49 cells, now, so reagent that’s other reason and uhhm 
50 A turns reaches for computer 
51 Anton: mouse) but single (unclear) um It’s not ready  I just 100

52 Don: [Uh no I just yeah I see]
53 Anton: [(unclear)] because slo:w laptop. And that’s how the problem could 
54 h:happen in spring there  is usually a lot of pollen around this building ver::y have 
55 filters so, cell culture could contaminate when everything’s blooming.
56 Don: Aw right. 
57 Anton: Too much biological active flakes, substances in the air. 
58 Don: Yeah.
59 Anton: A:nd the:re is cells grow in twenty days so you should have no 
60 contamination or anything, some cultures grow with biologics but it’s still 
61 contamination happens uhh antibiotics work only for bacteria a:and

 It might go without saying, but the process of debugging code is much more extensive than 99

Anton described. An example of this process within bioinformatic work is included in the next 
chapter.

 “It’s not ready” here refers to Anton’s monitoring of the progress of the tapestation in 100

processing his samples.
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62 Don: Right.
63 Anton: =They don’t protect from everything, so this way it’s very crucial to not 
64 mess up, twenty day experiment 
65 A extends his right arm to indicate the laptop screen

While growing slightly frustrated with the slow speed of the tapestation’s data 

processing, Anton went on to specify other ways that an experiment could go wrong that 

were, perhaps, more outside of his control. One of these, a seasonal difficulty in which 

place and the outside world intruded on the lab (despite the buildings efforts at air 

filtration), was pollen. On the scale of cell cultures, other biological contaminants like 

pollen might well contaminate a sample. That sort of contamination was even more 

difficult than other kinds, like bacterial contamination, as “antibiotics work only for 

bacteria” and “don’t protect from everything.” (Lines 61 and 63) Keeping all of these 

factors under as much control as possible, Anton expressed, was a marathon task:

66 Don: ^Ye[ah]
67 Anton:    [it’s] same to ask someone type their text without error. For twenty days 
68 in a ro:w. 
69 Don: hih £ye:[ah]
70 Anton:           [how] may=I saw people like typing very fast, notice every second 
71 stroke (was it) typo. 
72 A mimes typing
73 Anton: they do typo=typo fix typo fix typo fix 
74 A spreads and brings together his hands, rapidly and in rhythmic coordination, 
75 opening on “fix” and closing on “typo.”
76 Anton: uh, and without mistakes. Usually probably like twenty thirty forty percent 
77 mistakes are recoverable if you know, every your compound (. .) [but]
78 Don:                                                                                                            [Mhm.]
79 Anton: frequently you don’t. So:o this way, error in biological experiments it’s not 
80 (.) biological experiments not so easy scaleable. You can hire hundred people but 
81 they cannot do experiments hundred times faster=this IT stuff, if you move big 
83 scripting blocks 
84 A raises arm and gestures rhythmically over his head, looking up at his hand
85 Anton: or big projects. I heard a story of some young Russian (unclear) doing 
86 copy of (.) Groupon website. 
87 Don: Hm.
88 Anton: National copy of Groupon website. >(unclear) got to three hundred IT 
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89 people, hey write the project in three months. (.) So, [in biological] system,
90 Don:                                                                [That’s quick. Hh]
91 Anton: your mi:ce cannot be like, you cannot microwave your mice to make it 
92 fas- grow faster, like, [you know,] 
93 Don:           [Hee ^hih hih] 
94 Anton: So:o
95 Don: £Right£ [Ah ha ha]
96 Anton:           [Uhh,] and this way (.) error rate is (.) pitiful so:o, should be well 
97 controlled so yo:ou, like, I’m asking so:o I do everything with, like, half a speed. I 
98 process everything everything everything uh:hm, (. .) very slo:w but because I 
99 know I cannot afford pay typo.

Figure 5-5: Anton mimes typing, depicting the process of making a typo in the course of 
writing code (Line 72)

Anton continued to compare his perceptions of error in molecular biological work 

with that of bioinformatic work with an evocative metaphor: keeping an experiment free 

from error was like asking “someone type their text without error. For twenty days in a 

ro:w.” (Lines 67-8) He expressed that people who work with computer code are able to 

scale their work very rapidly, providing an example of how more people might 

accelerate the speed at which a group could clone a commercial website (“Groupon” in 

lines 86-88). In comparison, he said there was no way to speed up some parts of a 
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biological system, joking that “you cannot microwave your mice to make it… grow 

faster.” (Lines 91-92) Because of the difficulty in speeding up, through scale or other 

means, his work, Anton considered himself justified in working slowly. Playing on his 

own words, he said that he could not “afford pay typo.” This did not simply mean a 

mistake, but rather, an error that could be made at an earlier point in a biological system 

that could not be undone. 

Of course, sometimes mistakes are recoverable in such a system. A few 

moments before, Anton rapidly upgraded the proportion of mistakes that were 

recoverable, moving from “twenty” to “thirty” to “forty” percent. But he immediately 

qualified this, saying that you could only recover from an error if you knew every 

compound in your sample. Often, due to the complexities of cell growth, possible 

contamination, volatility of reagents, and stochasticity of experimental treatments, such 

knowledge isn’t to be had.

That is why Anton was running his samples through the tapestation: to better 

understand their composition. Electrophoresis is often used in the laboratory as a 

quality control measure, especially for CLIP-seq experiments. Within the experimental 

protocol for eCLIP, for example, lab members often run electrophoresis on samples 

after amplifying them through PCR. They do this both to make sure that PCR has 

produced enough DNA replicates for them to be able to sequence accurately and also 

to make sure that the DNA fragment size isn’t strangely skewed. 

Anton, as he said in the section above, was in the middle of a different 

experiment from CLIP. He was attempting to create a slightly different experimental 

protocol, using very particular samples. As when he or other lab members ran a CLIP-

�214



seq experiment, Anton was using the tapestation to double-check his experiment for 

error. What we were doing, down in the stem cell core, was a sort of impromptu piece of 

quality control work that Anton was adapting from a different, more formalized and 

practiced protocol. He was writing his own instructions but wanted output from an 

instrument to see whether or not he was on track. In this way, Anton’s developing 

experiment was responsive not only to the biological system that he had been carefully 

nurturing for the previous few weeks, but also to the output of the tapestation. The trick 

was to be able to interpret that output in a way that could tell him not only whether or not 

he could go on, but how it was that he should go on with his experiment.

As it turned out, a few minutes later the laptop next to the tapestation displayed 

its results. For each sample (Anton had run 12), the tapestation showed an output of a 

gel image, electropherogram, and a peak table (Figure 5-6). These collectively depicted 

the concentrations of molecules of different size within a sample. As different DNA 

fragments and other biochemical compounds have different molecular weights, this can 

be interpreted as showing the relative concentration of compounds within a sample. 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Figure 5-6 - Anton examines the tapestation’s output, with gel images on the top left of 

the screen, an electropherogram of the selected sample on the top right, and the peak 

table on the bottom. (Line 120)

There was a long silence while Anton clicked through the images and tables for 
different samples on the laptop, but then, with much reduced verve compared to how he 
had held forth minutes before, he said that something had gone wrong:

101 20:28:00 Anton: Y:eah, I don’t like something I see here, in some samples.101

102 A points with his left hand, poised over the laptop keyboard, at the 
103 output on the screen. 
104 Don: Yeah.
105 Anton: Uhm.
106 20:33:00 A clicks on some of the individual sample visual outputs, each of 
107 which display, in separate windows, a table and a graph of the 
108 selected sample’s composition
109 Don: You’re just adjusting how the analysis is, displaying not, the-
110 anything that’s actually being processed, right?
111 Anton: No, yeah, the here
112 20:45:00 Overlapping with “here”, A moves the cursor in a circle over the 
113 electropherogram
114 Anton: I just measuring samples uh:hh (. . .) some of my samples 
115 uh:hhm (. .) they um (. .) 

 As there was a skip forward in time, I have re-started the transcription numbers at “101.” I will 101

continue with this convention, below.
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116 A continues selecting samples and examining the resulting output 
117 on the laptop’s screen
118 D backs up slightly to capture more of Anton’s body and the 
119 laptop’s screen in the frame
120 20:56:34 Anton: I measure concentration of
121 A moves the cursor over a peak in a sample’s electropherogram
122 20:59:02 Anton: (. . .) Uhm. 

After the extended pause that took place while Anton examined the tapestation’s 

output, he pointed to the screen and said that he “didn’t like something I see here, in 

some samples.” (Line 101) After another short pause, I asked if Anton meant that he did 

not like the way the analysis was displaying, or if it was the content of the output that 

was disappointing. To this, he said, “No, yeah, the here,” and moved the circle over a 

peak on the electropherogram that indicated a high concentration of compounds with a 

high molecular weight. (Lines 111-113) Anton then continued to provide fragments of 

metacommentary on the output for my benefit, such as “I measure concentration of” 

while circling over another peak, (Lines 120-121) While doing this, he regularly 

interrupted his explanation with long pauses and “um” particles. This was reminiscent of 

his concentration while pipetting his samples at the start of our conversation in the 

section above. The situation continued like this for over a minute until Anton leaned 

back, faced me, and provided some initial interpretation of what had gone wrong.:

201 Anton: Um so,
202 A leans back, faces D
203 Anton: Uhh:mm (. .) I forg:ot that two reagents are different 
204 concentration by 20% percent 25% percent. 
205 Don: Mm.
206 Anton: A:and it’s caused imperfection of the th:e final product I see. 
207 (. . . .)
208 A looks back at the laptop, resumes selecting sample outputs
209 Anton: Ye:aah
210 (6 second pause) 

�217



211 00:29:20  Don: Is it still useable? 102

212 Anton: (. .) It’s recoverable
213 A nods
214 Anton: (. .) U:hh it’s a s:ssmall mistake it’s recoverable b:ut, it will 
215 cost me several hours. Today or tomorrow. (. .) Tsk uhh, probably 
216 tomorrow.

Rather than contamination or another potential source of error, Anton took the 

tapestation’s output to indicate that he had improperly mixed the reagents for his 

experiment. Two of his reagents had different concentrations than he had expected, 

resulting in “imperfection” (Line 206) in the visual output. After watching and waiting for 

another few seconds, I asked if Anton still considered his samples to be useable. After a 

noticeable pause, echoing his term from our preceding conversation, Anton said, “It’s 

recoverable,” (Line 212) but would cost him several hours.

This was, as Anton said, a “small mistake,” (Line 214) and as such, it would not 

have the exaggerated effect of destroying the entire experiment. Instead, he was able to 

interpret the apparently disappointing distributions of molecular concentrations into an 

altered trajectory of action. After looking around the room for paper and, finding none, 

beginning to take notes on different samples on the palm of his left glove, Anton 

explained how he planned to adjust his experiment:

301 2:47:27 Anton: Yeah. So because it’s PCR I wanna, I not fix it, but I will not 
302 kno:w how many cycles I need to do. U:hm. (. . . . .) to:o fi:x uh:h 
303 (. . . .)
304 3:13:03 A checks his glove, then looks back at the monitor
305 Don: Would running more PCR red-reduce the concentration 
306 lev^:els?
307 Anton: =No:o It will fix most of these problems uh:hm 

 In the intervening, extended pause, I split the shot. Because of this, the timecode started 102

over.
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308 3:31:15 A begins typing carefully on the laptop, then goes back to switching 
309 between sample readouts. This continued for another 30 seconds.
310 4:06:00 Anton: Yeah, u^hm, no, um, 
311 (6 second pause)
312 4:12:00 Anton: I’ll do an extra cycle of PCR for, most of them (. . .) uhm, 
313 A returned to cycling through output for another 30 seconds
314 4:42:00 D stood back from the computer screen and A
315 A stood up and moved towards the door
316 Anton: Yeah. I will add more, one or two more cycles of PCR to fix 
317 most samples. Uhm, 
318 D follows A back to the elevator to go back up to the wet lab
319 4:59:06 Don: Well, today or tomorrow. Hha.
320 Anton: Yeah, probably today I need to go, uhh, (. .) probably today
321 (10 second pause while we wait for the elevator and A looks at his 
322 rack of samples)
323 Anton: Yeah I ee-to:o general (. . .) problem >not problem so, uhm 
324 (. . .) is it some stuff ii:s (.) fixable (. . .) Uhh some stuff is not. A:and 
325 ^hm hm 
326 Don: ^Yeah
327 Anton: =A small mistake uh is fixable bu:t it will require extra work 
328 because month-one month old experiment uh one month long 
329 experiment (. .) a:and to fix it uh it will be very hard. Uh to reboot it 
330 would be almost impossible. 

Anton’s immediate, somewhat improvised plan to recover from his mistake was 

to run his samples through at least one extra cycle of PCR. He couldn’t be exactly sure 

of how many more cycles might be needed, although the electropherograms did give 

him an idea of which samples he would subject to more PCR cycles. In an attempt to 

cajole more specificity out of Anton, I asked him if running more PCR would reduce the 

concentration levels (Line 305). It was a naïve question, as, despite consisting of a 

biochemical reaction, PCR operates more like a copying machine for DNA than a 

transformative process. While PCR does transform the total composition of a sample by 

amplifying the targeted portion of a genome and so reduces the relative concentration of 

other parts of a sample, the experimental treatments that pick out those genetic pieces 
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(whether it is a length of DNA, RNA, or an RNA-Binding Protein) must be accomplished 

through the careful balancing of biological materials and reagents in advance.

As such, Anton’s improvised recovery of his experiment was firmly forward 

facing. He could not go back and alter how he had grown the cells or mixed his 

reagents. Instead, he would add another step, even if that step was a repeat of a 

previous step in the form of further PCR cycles. In this way, Anton interpreted the results 

of electrophoresis to decide how to proceed. He could not go back and fix his typo, but 

maybe he could add enough new material that the typo would not matter as much. This 

was much preferable to the alternative: as Anton said, “to fix it uh it will be very hard. Uh 

to reboot it would be almost impossible.” (Lines 329-330)

§ 5.5 Interpreting Instructions and Adjusting Plans

The above demonstrations illustrate two prominent Wittgenstinean themes in 

ethnomethodology and the sociology of science: knowing when, and how, to go on, and 

difference and similarity. These are classic ethnomethodological themes, as it is our 

everyday, routine understanding of the social world that enable us to move forward in 

each situation. In this paper, I focused on both the everyday communicative affordances 

of lab members’ bodies as they worked through instructions together and the more 

specialized ways that they projected future action from their lab’s particular socio-

material arrangement.

Suchman’s work on how people approach the process of interpreting unfamiliar 

artifacts and devices engages with these same themes. Her work reinforces the 

ethnomethodological argument that people deploy and redeploy our ordinary, embodied 
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methods of understanding as we attempt to manipulate the world. Likewise, in this 

paper I hope to have demonstrated how lab members simultaneously monitor one 

another’s bodies, as well as their words, within the ecological context of their lab, in 

order to achieve the rhythm of shared, routine work. This is demonstrated primarily in 

Olivia and Sam’s work together, as illustrated in section 3, above.

Engaging with Suchman’s work further, we might begin to see how categories 

like “familiar” or “unfamiliar” actions or objects are achieved rather than pre-given. In 

most situations, people prefer to leave this achievement in the background, particularly 

if they are already familiar with the objects, activities, and people around them. In 

section 4, I took some ethnographic license by interrupting the flow of work on an 

afternoon in the lab. While I may have possessed a degree of “vulgar competence,” (to 

bring forward Garfinkel’s term), in the tasks at hand, that was not enough for me to 

recognize the differences between the projects of the people around me. To me, their 

work was alike in its appearance. Chati recognized the resemblance that I proposed, 

explaining that the same procedures, or, as I said, the same forms of action, might be 

used for multiple projects undertaken in the lab. Meanwhile, Anton disputed that 

assessment of similarity, on the basis that a different project was, simply, a different 

project, with different phenomena and goals. Similarity in protocol was less important, in 

Anton’s assessment, than the extended differences that might obtain between 

experiments.

It might be productive to think about these assessments of similarity and 

difference in light of Wittgenstein’s builders. As a thought experiment, the builders 

illustrate how much more there is to a language game or form of life than might be 
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illustrated by the verbal exchanges, or even the actions, at hand. From that example, 

and in light of my conversation with Olivia, Chati, and Anton, I think that a particular 

question is relevant: how do you know, from an outstretched hand and the request 

“slab!,” which irregular rock to hand the other builder? The builders, as they continue to 

build their wall unproblematically, just seem to know. Likewise, my unfamiliarity with the 

goings on of the lab on that day was met with an insistently familiar perspective from 

Anton, at least once I asserted similarity between two different projects. The thing was, 

as Chati remarked, that those projects were similar, as are most of the projects in the 

lab, seeing as most projects involve recombinations of protocols and variations on 

themes.

Anton eventually agreed that, at least, his work on CLIP experiments was similar 

to the other work done in the lab. The difference between the work that he had at hand, 

he maintained, was that the project he was working on that day had not been done 

before. In going to test his samples, the products of weeks of cell growth and 

biochemistry, he was unsure of how he was going to have to proceed in order to 

continue with his experiment. The plan was to use the collaboratory’s tapestation to test 

the composition of his samples: depending on the results of that test, he would have to 

adjust his plan. In accordance with one of Suchman’s arguments, we can see in Anton’s 

pursuit of his experiment the coincidence of plans and situated action. Anton had an 

overall plan for how his experiment might have progressed, which is indisputably useful 

given the extended timeframe of the biological system with which he worked. At the 

same time, Anton’s actions in the face of his disappointing, “imperfect” results show how 

�222



his projected trajectories of action relied “on a further horizon of activity that they do not 

exhaustively specify.” (2007, 19)

In the first case from this paper, Olivia and Sam relied on the ordinary, 

intersubjective components of human action to work through the vagueness of their 

situation. Similarly, Anton, Chati, and Olivia used similar resources to deal with the 

problems of ethnographic (mis)categorization. In the third case, in which Anton 

interpreted the results of the tapestation, a slightly different situation obtained, largely 

between Anton and his samples, as mediated by the tapestation’s automated 

biochemistry and digital, visual output. 

Standing in the stem cell core at Somerset Collaboratory with Anton, we found 

ourselves within what Karin Knorr Cetina describes as a “synthetic situation,” in which 

instruments afford a scope on the situation at hand while that same situation remains 

responsive to the goings on at a human scale (2009). The way that the tapestation 

changes the scope of Anton’s perception is, on the one hand, obvious, as it examines 

biological material on the molecular level and then aggregates and displays its findings 

in several visual modalities, readable to the trained human eye. On the other hand, 

Anton was after more than a description of his samples– he was also, through his 

methods of interpretation, after what he needed to do next in order to proceed with his 

experiment. 

In this way, Anton and his experiment were responsive the the tapestation and its 

output. This description might bring to mind Latour, who is often misunderstood as a 

theorist that flattens agency between living and nonliving objects. But a semiotic reading 

of Latour (as advocated by Høstaker in his 2005 article on the subject) proposes that we 

�223



take Latour’s “actants” to exist not as substance but instead through their relational 

meaning. Building from the Paris school of semiotics and the work of A.J. Greimas, we 

might consider how “actants,” as a category, relate to meaning. To be an actant within a 

narrative is to have an influence on that narrative’s meaning. To apply this category to 

the social world, as Latour does, is to recognize the socio-material arrangements that 

affect trajectories of action. 

To be sure, “actant” is an analytic category, rather than one most members would 

use, but it is useful in understanding Anton’s situation with the tapestation and its 

meaning for his experiment. Unlike Olivia and Sam, Anton does not have a set of 

instructions from a postdoc to interpret as he proceeds (and, as my first case 

demonstrates, Olivia and sam had to do a great deal to form their interpretations and 

“go on.”) What Anton does have is familiarity with protocols for other, similar 

experiments that use electrophoresis for quality control. In other words, in working out 

the trajectory of his experiment, Anton was familiar with when, and how, to turn to 

electrophoresis for a check on how he would be able to proceed. In the fifth section of 

this paper, we can see how Anton adjusted his course of action given the output that he 

received from the tapestation. His process of interpretation formed this output as 

meaningful inasmuch as he let it affect how he plans to proceed. And Anton did so let it 

have this effect, even while he griped about the hours that it would cost him, as the 

situation could be much worse in terms of sunk time.

This situation is, as I have repeatedly said, mundane. There are many situations 

when people engaged in everyday life change their trajectories of action as a result of a 

digital readout. For example, if I check my computer for the day’s weather, see that it 

�224



might surprisingly rain in Los Angeles, and decide to unearth my umbrella, I might be 

said to be responsive to my phone in an analogous way to Anton and the tapestation. 

But there is an important difference between our situations: I did not craft the input for 

my weather app, and I am not looking to adjust that same input based on what the 

weather app displays. Anton, in this case, desired not only information but feedback 

from the tapestation and reacted accordingly. Returning to Knorr Cetina’s concept of the 

synthetic situation, we might therefore understand the socio-material situation that 

obtained between Anton and the tapestation to involve a reciprocal relationship between 

the world at the scale of both molecular and human action.
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Chapter 6: Bioinformatic Materiality and Sociality

“It’s more fun to compute
It’s more fun to compute”

-Kraftwerk, “It’s More Fun to Compute”

Software is integral to scientific work, whether it is through the application of 

programs written outside of a lab or code created in-house. This chapter concerns the 

lab’s bioinformatic pipeline, that is, the process by which data analysis is performed on 

biological objects. This draws on prior work in science and technology studies, software 

studies, and ethnomethodological studies of work and co-operative action. I am 

interested in how lab members work creatively with code, building upon the code written 

by other lab members or by outside teams. But bioinformatics is about more than code: 

it is about how inhabitants of the lab synthesize their biological objects of study together 

with software code. Doing so involves the cumulative work of the laboratory community. 

Writing, managing, and interpreting biological processes with software demonstrates the 

flexibility of bioinformatic work as it is accomplished through the of accumulation and 

transformation of code. Bioinformatic coding is not a de novo process or a process of 

instrumental application, but rather a transformative, dynamic practice mediated through 

a textual technology.

Much existing work on processes of coding and software explore the cultural 

significance of code and software communities (Jules-Rosette 1990; Kelty 2008; 

Coleman 2012; Manovich 2002, 2013). These investigators, together with semioticians 

who have studied software and databases (Nake 1996, 2002; de Souza 2005), have 

made valuable contributions to the ways that software, in its development, 
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commodification, and implementation into everyday life, work, and art, refracts 

modernity and postmodernity. In the ethnographic and semiotic modes of software 

studies, the social and material production of code emerges together with the object. 

Here, I wish to push these developments in software studies further by specifying and 

demonstrating how bioinformatics synthesizes human, biological, and digital agents 

together in interaction. The ecology of the WD Lab presents a perspicuous setting, in 

the ethnomethodological sense, for the development of these interactions and their 

agents.

The developing importance of computerized work, particularly to genomic 

biology, has been a subject of interest to philosophers of scientific practice as well as 

sociologists of science. Leonelli has thoroughly explored how participation in biological 

research consortia serves as a standardizing practice (2009), and how bio-ontologies 

and bioinformatic databases that have the potential to bridge the local epistemic 

cultures within heterogeneously organized and internationally distributed biology labs 

(2008). Considering uses of big data in biology, Leonelli (2014) elaborates on a theme 

established in part by Bowker (2000) in advocating the study of how biological 

databases are made up of sedimented layers. This sedimentation embeds many 

elements of decision making, from practical to biased, within databases that frequently 

only move towards more and more accumulation, rather than revision. As I explored in 

the second chapter of this dissertation (with debts to Aranova et. al. 2010 and Strasser 

2011), electronic databases in biology developed out of earlier forms of biological and 

ecological collections and comparative work. In many ways, the history of bioinformatics 
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is the history of the development of these databases, from the Atlas of Protein 

Sequence and Structure to the ENCODE project.

To these studies, I aim to add an ethnomethodological consideration of software 

in the form of the data analysis pipeplines crafted, tweaked, and tuned by 

bioinformaticians. Bioinformatic work, as a collection of ordinary, orderly practices, can 

illuminate our understanding of code as practices. I am interested in moments of 

everyday work in which inhabitants of the lab manipulate and interpret code. While this 

has relevance for software studies, broadly considered, I am most interested in how 

bioinformatician’s work might provide a perspicuous setting for the intersection of action, 

computer/machine intelligibility, and “biological sense.” This last term is used regularly 

by lab when they consider bioinformatic analyses. In the context of the WD lab, 

“biological sense” might be brought up to back up a claim derived from the statistical 

interpretation of data, or it might be used to question such a claim. To adapt an example 

from chapter 3, lab members may ask if the claim that some sequencing experiments 

produce large peaks of a non-coding RNA makes “biological sense.”

In addition to mixtures of computational and biological sense that emerge from 

bioinformatic practices, I am also interested in how that practice proceeds from the 

processual, digital materiality of authoring and adapting code. As Alač demonstrated in 

her studies of practices within fMRI laboratories, digital images on screens constitute 

fields for interaction (Alač 2011, 2014). That is, a software interface, in its lived, 

embodied, and processual manipulation by a practitioner, reveals its phenomena within 

interaction. Vertesi (2015) similarly demonstrated how engineers and scientists 

interpreted digital images and video (in her case, those transmitted from a Mars rover) 
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through embodied, community actions. Like other objects, digital media must be made 

mutually intelligible through situated practices (Suchman 2007; Garfinkel 2008; Rawls 

2008; Rawls and Everhart, under review). 

While much bioinformatic work involves adjusting, interpreting, and 

communicating graphical images (see chapters 3 and 4), these images are generated 

from a lab’s data analysis pipeline. Such pipelines consist of computer code developed 

to analyze the results of high-throughput genetic sequencing experiments (such as 

ChIP-seq, RNA-seq, or eCLIP). The data analysis pipeline, in its form as code being 

written and tuned, is responsive to the biological target of an investigation. Depending 

on the project at hand, these biological phenomena may require that a new analysis 

pipeline be written or adapted. Additionally, bioinformaticians may find it important to 

adjust previously used pipelines depending on the findings of their quality control (QC) 

work. As such, writing, adjusting, adapting, copying, and debugging code is critical to 

genomic work.

This chapter concerns that work, as it is done by bioinformaticians in the dry lab. 

As a space, the dry lab most closely resembles many other contemporary office spaces, 

consisting of desks arranged together, some with low, half-cubicle walls. Most of the 

time, lab members who work in the dry lab focus on the screens in front of them. These 

usually display interfaces for writing code, chat and email programs, documentation for 

different software packages and libraries, or, depending on progress in an experiment, 

programs for creating and editing papers and figures.

Writing code, as a social process, often involves complicated dynamics of 

distributed presence and co-presence and involves material process of co-operative 
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action. As described in chapter 1, C. Goodwin’s (2018) concept of co-operative action 

centers the transformation, through decomposition and re-use, of actions, utterances, 

and materials. Particularly important for co-operative action is the way that we inhabit 

one another’s actions and continually operate upon them. In this, the materials provided 

by predecessors, whether that means ourselves or others, are particularly important. 

Co-operative action, in all its richness, is endemic to working with software. The 

dimensions of the ecology of coding, from co-presence to distributed presence, to the 

scenic features of the dry lab, to repositories of code produced by lab members or by 

other bioinformaticians all figure into the richly social practice of bioinformatics. Even 

while bioinformatic work may appear to be individual work, as interdisciplinary work it 

requires an interface between humans, machines, and biological objects. This complex 

of different dimensions of co-operative action constitutes its sociality.

§ 6.1 In the Dry Lab

While handling code, the lab’s bioinformaticians often sit alone, in front of one or 

two computer monitors or laptops. Occasionally, one will sit with another at the same 

desk, but this direct, side-by-side work is more frequent during later processes of 

coding, such as debugging, adapting code, or inserting code from elsewhere. More 

frequently, the lab’s bioinformaticians sit fairly quietly in front of their banks of monitors. 

Co-presence is often mediated through online chat programs (such as Slack or Google 

Hangouts), which are often used for quick communication about the lab’s shared 

software resources. As an added benefit, the use of chat programs allows rapid 

communication between lab members that work between the dry and wet labs.
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As I mentioned above, the dry lab closely resembles a room in an office park. It 

has one large, glass wall with doors that open to hallways that lead to conference rooms 

and, past them, the wet lab’s bench tops. One wall is covered in dry erase boards, 

which are themselves filled by a slowly changing pastiche of improvised diagrams, 

checklists, and requests. Central to the room is a large table, assembled out of smaller, 

individual cubicle systems with low, half walls isolating some desks. There is another 

bank of desks against the wall opposite the large glass pane, with a window that looks 

partially out at a view of the Pacific Ocean (only interrupted by a few isolated, individual 

offices used by some of the Somerset Consortium’s principal investigators). A miniature 

refrigerator, used for lunches and snacks rather than biological samples and reagents, 

sits under a counter against another wall. Under the glass pane closest to the doors, a 

growing pile of out-of-date computer parts and old conference posters has accumulated 

for years.

The lab members who are either assigned to work in the dry lab (or who work 

there out of preference) are somewhat invested in maintaining these characteristics of 

the space. At least, they care about this enough to have formulated a sheet of rules that 

they have taped on the wall near the dry erase board. With a header of “Dry lab 

etiquette,” these rules include instructions about pushing in one’s chair to “prevent an 

obstacle course,” keeping short conversations in the room at a low volume and taking 

“any conversation lasting more than 2 minutes outside the room,” and several items 

pertaining to bans on “smelly” food, including food left for too long in the refrigerator. 

One rule prescribes the use of “gchat” (google hangouts) for “quick questions,” where, 
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by summer 2017, “gchat” had been crossed out, “Slack” written in, and then “Slack” 

crossed out with an arrow returning to “gchat.”

Partly as a consequence of the atmosphere of the dry lab, and partly out of the 

practicalities of experimental work, several of the lab’s more computationally oriented 

members either maintain a bench space in the wet lab or have a bench in one and a 

desk in the other. As the wet lab space is louder, both in terms of machinery and people, 

there are few explicit statements of etiquette. Lists of rules in the wet lab tend, instead, 

to be directives for storing samples in refrigerators, operating equipment, and allocating 

time under fume hoods in the tissue culture room. The most directive signs recur near 

door handles, indicating whether it is safe to operate the handle with gloves on or off. 

Several lab members have remarked that they prefer to work in the wet lab space as 

they find the dry lab space to be “boring.”

This has the effect or making chat applications even more important, as 

members might want to make a quick request of collaborators who work in a different 

room, albeit one that is just down the hall. It also, perhaps paradoxically, increases 

traffic and conversations in the dry lab as members drift in and out depending on the 

timing of different works in progress. As illustrated in the previous chapter, the timing of 

experimental processes enables lab members to engage in multiple projects at once. 

This has consequences for practical action amongst wet lab biologists, but it is also 

important for the lab’s bioinformaticians.The timing of bioinformatic processes has its 

own temporality, one that interfaces with the timing of wet lab experiments. As Zoe, a 

graduate student who is both a bioinformatician and biochemist explained it,  multiple 103

 Zoe also features in Chapter 4 (“A Failed Interdisciplinary Object”), in which she attempted 103

to reconcile the positions, as she understood them, between Erica and Natalya.
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factors, from practical experimental and spatial matters to familiarity with a data analysis 

pipeline, all may impact how long it takes for the lab to analyze a sample.

§ 6.2 Time, Samples, Data, and Sociotechnical Arrangements in Bioinformatic Pipelines

During the summer in 2017, I had a conversation with Zoe about the process of 

transforming a biological sample into a sequenced “read.” “Reads” are the inscribed 

form of a sequenced fragment of RNA. They follow the output of a genomic sequencing 

experiment. In a form that might be familiar to readers at this point, they are most 

recognizable as sequences of the first letters of the nucleotides that form both RNA and 

(with one difference) DNA: adenine (A), guanine (G), cytosine (C), and uracil (U) in RNA 

/ thymine (T) in DNA. When I sat down at Zoe’s desk to chat, I was most interested in 

asking Zoe how long it took for the lab to transform a sample into a read.

Zoe began with a distinction, saying that it mattered if a sample had been 

“prepped” or not. She went on to say that a projects with different goals required 

different amounts of time. It would only take a day to “just” extract RNA. To run a 

sequencing experiment like CLIP, however, would raise the amount of necessary time. 

Zoe said, “If you want to do CLIP on that sample, look at RNA binding, the prep itself 

takes a week.” As one might expect, the more complicated the experiment, the more 

time is required.

Experimental complexity is not the only quality that determines how much time it 

takes to run a sample. To sequence, the lab generally uses a HiSeq machine, a high-

throughput sequencing machine made by Illumina, one of the world’s largest biotech 
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companies, and one headquartered nearby.  Each time the HiSeq machine is run, the 104

lab loads a set of samples onto a flow cell.  Often, the a sequencing experiment will 105

only take up a small number of available lanes on a cell. Since the lab purchases flow 

cells from Illumina through UCSD’s marketplace system, the cost of running sequencing 

experiments is a relevant issue (even if it costs drastically less to generate far more 

data in biology now than ten or twenty years ago). It might take some time for all the 

experimenters whose work will be incorporated into a flow cell to prepare their samples, 

especially as different projects operate on different timelines. To fill the machine, “to get 

your money’s worth,” as Zoe put it, you need around 120 samples. “And sometimes 

your sample is the last of those 120 and it’s run the next day, other times it’s the first 

and then it doesn’t get run for a month.”

When the WD Lab runs an experiment, several sociotechnical processes, each 

operating on its own timeline, need to come together. As a large, interdisciplinary 

 Illumina initially developed from a group of venture capitalists who acquired a license for an 104

array from Tufts University, and later acquired Solexa, Inc, a company founded by biologists 
working at Cambridge University. The decision to base the company headquarters out of San 
Diego likely has to do with the tendency of biotechnology firms to cluster together. (Walshok et. 
al. 2002, Owen-Smith and Powell 2004, Casper 2007, Whittington, Owen-Smith, and Powell 
2009) Illumina’s marketing department emphasizes the uses of its technology in academic 
research, maintaining documents that describe hundreds of recent experiments, all of which 
mention the use of Illumina’s devices (https://www.illumina.com/science/publication-
reviews.html). Experimental apparatuses and materials from Illumina thoroughly saturate the 
lab. While the lab does not, at the moment, have the sort of formal arrangement that would be 
easily understood as an academic-industry partnership, the material dependence of the lab on 
it and other private companies, not to mention the marketing discourse from Illumina, 
demonstrate one in effect.

 This is a component of contemporary high-throughput sequencing machines, consisting of 105

several lanes that allow multiple samples to be run in parallel at the same time, in the same 
machine. Near the time of their more widespread adoption, which drastically widened the 
amount of data that a sequencing experiment could produce, Mardis (2008) provided an 
overview of the mechanism of a flow cell. As a material technology, the incorporation of flow 
cells in high-throughput sequencing machines enabled the processing of billions of DNA base 
pairs per run, which has, coupled with bioinformatic data analytics, propelled the use of big 
data in biology.
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biology lab, multiple projects are being pursued at once. Some of these might be more 

routine, part of a longer grant cycle that involves numerous other labs and institutions. 

This is the case with most of this lab’s CLIP experiments and its encyclopedic work for 

the ENCODE project. That work sustains many of the lab members and provides a 

platform for more experimental work. Examples of this more innovative work might 

spring from experimental process and quality control (like those that gave rise to eCLIP, 

an innovation largely developed by Claude with the assistance of the lab) or detailed 

work with new sorts of samples, like the ones Anton was working on in the previous 

chapter. As Anton explained (and demonstrated), this might have the effect of 

organizing experimental work with different timelines. These timelines are responsive 

not only to the organizational features of the lab but also to the synthetic agency of its 

experiments. Zoe’s remarks on the organizing effects of optimally and cost-effectively 

filling a flow cell in order to run a sequencing experiment emphasize two things: the 

importance of having numerous experiments running at the same time (at least, enough 

to fill a cell), and also an element of temporal uncertainty and interdependence that 

different experimental timelines might cause. Waiting for a flow cell to be filled can 

cause a bottleneck, albeit one that doesn’t usually take more than a week or two to be 

resolved). These bottlenecks are caused by a combination of sociotechnical processes. 

They include the materiality of the flow cell, the cost of the cell (the significance of which 

is the outcome of negotiations between the lab’s funding, UCSD’s purchasing system, 

and Illumina), and the number and qualities of different experiments going on in the lab 

around the same time.
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Lab members negotiate how to fill sequencing equipment through a variety of 

ways, most often by speaking to their neighbors in the wet lab (or by pushing staff 

members like Olivia, Sam, or Chati to figure out how to accommodate simultaneous 

projects).  But members may also turn to online chat or one of lab’s email listservs to 106

coordinate how and when to fill a flow cell. In the last four years, everyone from Arthur 

to Zoe, from Imogen to Ashleigh has sent emails to the lab that quickly describe how 

much of a flow cell they can load. These messages are relatively infrequent compared 

to in-person coordination with the lab’s staff and are most often sent when a member is 

attempting a smaller project or, in Arthur’s case, a rush job for unexpected samples.  107

In one case, after Imogen left to head the effort to build a spinoff lab (still under Arthur’s 

supervision) at the National University of Singapore, such a request was conveyed 

internationally.108

 As described in the previous chapter, these projects, especially when their timelines overlap, 106

require labeling and identification practices.

 As an example, in an email from Winter 2014, with the subject line simply reading “rna-seq,” 107

Arthur asked who was making sets of RNA libraries at the moment, as another lab was “giving” 
them RNA that could be used to “finish” a paper.

 Imogen’s request is particularly germane as an example of how the process of filling a 108

sequencer is enmeshed with University procedures for ordering and accounting for equipment. 
In an email from Summer 2015, she wrote, "Hi all,


Please let me know if you have space for 6 truseq library preps, either polyA or ribozero is fine. 


The lab is slowing getting into gear. The ordering process is long and slow. Once I make a [WD 
Lab]-Singapore lab website, I'll post pictures to share.


:) [Imogen]” (Names in this message have been altered to pseudonyms in brackets)
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Once a sequencing machine is loaded with enough samples,  the machine 109

takes about three days to run a series of automated experimental procedures. The 

result is, in the terms of science and technology studies, inscriptions, the transformation 

of materials into text. Sequencing experiments are inscription producing processes par 

excellence, as the goal is to take materials that may be transformed in innumerable 

ways and produce from them long strings of texts in the four letter alphabet of DNA.  110

Bioinformatic work proceeds from these inscriptions. A frequent example of 

bioinformatic work is organizing the output of a sequencing machine to assemble an 

organism’s genome, as was the goal for the Human Genome Project. Practically, this 

consists of organizing, interpreting, and matching up the overlapping genomic “reads” 

produced from a sequencing experiment. Sequencing machines do not simply produce 

one long string of genomic code, but rather bundles of snippets of code. These are 

reads, which bioinformatic work might reassemble into a genome.

More often, there is not a need to sequence an entire genome. Rather, members 

of Arthur’s lab use experiments like CLIP-seq to discover which parts of a genome bind 

to a target protein. Discovering RNA binding sites, and then linking that RNA-protein 

interaction to gene expression within a cell, is often the goal of an experiment in Arthur’s 

lab. This can be done for encyclopedic purposes, as demonstrated by the ENCODE 

project. Other experiments in the lab are more directed, looking to discover differential 

expression between sets of cells. This may involve sequencing genomic material from a 

 I have been using “sample” as the most general category, but, as the notes above illustrate, 109

lab members might speak more precisely about “libraries” or “lanes.” “Lanes" refer to the 
etched surfaces of a flow cell that enable its operation. Lanes are filled with samples that 
usually consist of “libraries,” which, in molecular biology, are made up of genomic fragments.

 In Chapter 2, I described some precedents of the WD Lab’s automated inscription devices.110
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standardized cell, sequencing a cell from a body with an identifiable clinical disorder 

such as ALS, and comparing them in order to discover relevant differences.111

It takes three days for a sequencing machine to run, during which  the lab 

members who are waiting for its output continue to work on other projects already in 

motion. From that, Zoe explained, 

“You’ve got your reads and then, with the initial [data] processing, you get 
your sequences. And to know what those sequences mean, you have to 
process them to know which genes they came from, basically. So we just 
have a list of letters A, T, C and G and we care about where they came 
from in the genome and what genes those correspond to. That’s the steps 
of data processing where we take those actual letters and align them to 
the genome to get information about where they came from and what 
genes are there.”

To do that, a lab member needs to run a “computational pipeline”. This refers to a 

collection of computer code that operates upon the output of a sequencing machine, 

typically containing algorithms that generate statistical comparisons between the reads 

a machine produces in order to discover which parts of a genome might be of interest to 

a target phenomena (like an RNA-Binding Protein (RBP)). If a lab member is running 

the same experiment, but with a different target, then “you can press the button you 

always press and in two to three days you’ll get results.” If there is a greater difference 

in experimental procedure, sample, or target phenomenon, then a lab member, usually 

a bioinformatician, needs to write or adapt a data analysis pipeline.

When a lab member uses an old pipeline, they begin with the output from the 

sequencer, which comes neatly packaged in a single, digital file. They then take this 

 As I discussed in chapter 1, the ENCODE project designated several cell lines for use as a 111

means of ensuring the comparability of experimental findings. Other experiments, like the one 
Anton was developing in the previous chapter, rely on more bespoke and less standardized 
cells.
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data and run it through a set of computational operations that assess its quality and 

produce statistics. This has the transformative effect of turning samples into data. In a 

way, this consists of a “datafication” process. As Kennedy et. al define it, datafication 

“refers to the process of rendering into data aspects of the world not previously 

quantified.” (2015, 1)  As illustrated in chapter 2, this process has been an ongoing 112

process in biology for decades. Indeed, datafication is arguably at the root of the 

transformation of structural and molecular biology. As such, when it comes to biology we 

might be more precise when it comes to processes of datafication and quantification. 

One of the most important differences between approaches to gathering and 

manipulating large quantities of data lies with the source of that data. From the earliest 

biological databases, experimental biologists have had a complicated relationship with 

bioinformatic work that gathers and compares data they did not produce. This was 

transformed by the Human Genome Project as well as the application of bioinformatics 

to public health and epidemiology. As a result of larger scale collaborations and 

applications, bioinformaticians may work with datasets gathered from other sources, 

with a great deal of variety in provenance (Canali 2016). However, this variety of data 

sources would be catastrophic to many of the careful, systematic investigations 

undertaken by members of the WD lab. This is a significant motivation for the 

organizational shape of the lab and its combinations of bioinformaticians, molecular 

 Kennedy et. al. are most interested in data that may not previously have been treated as 112

grounds for analysis have increasingly come into prominence. Their examples include 
“behavioural metadata, such as those automatically derived from smartphones, like time 
stamps and GPS-inferred locations.” (2015, 1) This illustrates some of the differences between 
using quantitative methods on large datasets that have been intentionally developed for 
analysis and the possibilities of using those same methods on collected information. Of course, 
when researchers recognize the possibilities of using information like metadata as data for 
analysis, designers and producers may redesign their tools to make that information more 
readily available.
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biologists, biochemists, and more. These combinations are essential to ensure the 

production of an experiment from sample to database.  As illustrated by Zoe’s 113

description of the lab’s data pipeline, a lot of work is done in order to ensure a close 

connection between the production of experimental data and its analysis.

Sample preparation and sequencing are projects that are intended for 

quantification from the beginning. Cells are cultured, manipulated, and blended so that 

they can become data. In the lab, cells have no other purpose except for a kind of 

standing-in-reserve, a waiting-for-use, which defines those materials in a similar 

relationship to the project of data production. Understood in this way, the ways that the 

WD Lab transforms of cells into data presents a clear case of what has come to be 

labelled Big Data.114

It seems clear to me that there has been no sharp, demarcated transformation 

between prior quantitative research or computational analytics and those that are now in 

use. Indeed, as Strasser and Edwards conclude, “what makes the Big Data era seem 

revolutionary is not only a series of incremental technological changes, but also an 

erasure of Big Data’s past.” (2017, 345) Rather than being interested in Big Data as an 

abstractly mobilizing, quantifying force, I am interested in how the WD Lab as a 

community produces and then uses large data sets. The WD Lab is a setting in which 

inhabitants live with the distinction between the use of large amounts of data that are 

produced by others and then collected in a database and the use of data that has been 

 Even if, as illustrated in chapter four, this can result in misunderstandings and 113

misalignments between lab members.

 On one occasion, partly as a joke, Peter and I walked around the lab with my camera and 114

asked other members if they thought they worked with Big Data. As an illustrative example of 
the relationship between Big Data and hype, one lab member jocularly responded, “if I’m at a 
large Somerset Consortium fundraiser, sure.”
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locally produced. With this sort of focus, we might, as Leonelli (2009) explored, consider 

how data, algorithms, and software are packaged to travel between laboratory settings. 

In terms of the local production of the WD Lab’s data and analysis, there are, 

inevitably, complications. Not every cell or portion of RNA or DNA is so amenable to the 

idealized analytical pipeline that Zoe described. In our conversation, I asked if, or to 

what degree, bioinformaticians take into account sample preparation when they create 

or tune an analysis pipeline. Zoe replied that difference between samples might require 

some adjustment, but that difference was often unimportant to the algorithms at work in 

the pipeline. “For example,” she said, “we do CLIP on a hundred RBPs. If you do CLIP 

on another sample it will still be the same.” On the other hand, she went on, “If there 

was something a little bit funny about your sample prep, maybe a precious, rare cell 

type and maybe you didn’t have the standard of data quality you usually get, you might 

look back on some of the QC steps immediately and see if you can pull reads back 

where you would have been okay throwing them away before.”

Anton’s efforts at repurposing a quality control step in order to see if he had 

sufficient material to sequence, as described in the last chapter, provides an example of 

this kind of work in progress. Zoe provided comments on the flip side of working with 

samples like Anton’s, that is, what might happen after he ran his samples through the 

sequencing machine.  To provide further connection with other moments of this 115

ethnography, we might consider the “QC steps” that Zoe mentioned and efforts to “pull 

back reads where you would have been okay throwing them away before” to be in 

 Unfortunately, due to project timelines and the vagaries of my own teaching, writing, and 115

research schedule, I do not know exactly how Anton or his bioinformatician colleagues (most 
frequently, Claude) actually analyzed his sequenced samples.
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Peter’s territory from chapter 3. Built into most data analysis pipelines are ways to 

distinguish between reads that are acceptable for the purpose of analysis and those that 

are not. Sample preparation is, in part, meant to produce an optimal number of useable 

reads. There is no agreed upon, universal standard for how to determine useable reads, 

although many methodological texts for working with high-throughput sequencing 

include algorithms that are meant to detect overlaps in reads, duplicates (which are 

usually considered an artifact of PCR), and the removal of non-coding regions of DNA 

(usually a string of repeating nucleotides at each end of a read) (Li et. al. 2015, Van 

Nostrand et. al. 2016, Flouri et. al. 2017).

The apparent lack of a “gold standard” for usable reads (as Li et. al. 2015 put it) 

may seem consequential. But gold standards are elusive, and looking only to some 

vaguely imagined, universally applicable standard for data handling masks 

commonalities and prescribed practices for data handling. As Lampland and Star 

explain, standards are often “nested,” that is, recursively nested inside one another as 

“forms of compression and representations of actions.” (2009, 4) In light of the previous 

chapter, we can understand how instructions, and instructed action, relate to what 

Lampland and Star describe as “tiny standards,” (think of those in relation to “gold 

standards”!) which we might understand as the preconditions for making recognizable, 

accountable actions of particular kinds.

A way that larger standards may effect “tiny” standards for action is exemplified in 

some of the protocol for eCLIP experiments (included as a supplement to Van Nostrand 

et. al. 2016). Throughout the protocol, definitions are given in relation to the ENCODE 

project. For example:
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For this protocol (& for ENCODE eCLIP-seq experiments), one 
‘experiment’ is defined as 4 libraries: 2 eCLIP experiments on UV 
crosslinked biological replicate samples, 1 eCLIP experiment on a non-
UV crosslinked sample, and 1 size-matched input control (taken from one 
of the two UV crosslinked samples). 

or 

IMPORTANT: for ENCODE, Sample 1 and Sample 2 MUST be different 
biological replicates. The simplest way to do this is to have different 
culture start date and culture end dates. If dates are similar, you must 
make sure before starting that the samples actually meet ENCODE 
criteria for being distinct biological replicate samples. 

These are more than definitions or instructions in the colloquial sense. Rather, these 

bits of protocol contain “tiny” standards that stack up to larger ones. To make an 

experiment a eCLIP-seq experiment that could be submitted to the ENCODE database, 

subtle distinctions must be made and criteria met. 

As a further challenge to an idea of standards that stretch across settings, 

situations, and practices, the prescriptions embedded in this written protocol are 

divisible depending, in part, on organizational features. In the first excerpt above, 

“experiment” is defined for all of “this protocol”, and “ENCODE eCLIP-seq experiments.” 

In the second excerpt, guidelines for different biological replicates are “IMPORTANT” for 

ENCODE, but the specifics of the eCLIP protocol are left out of this prescription. This 

makes practical sense. While lab members originally developed eCLIP in order to 

accelerate the volume of RNA sequencing experiments that they could do to meet their 
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obligations as part of the ENCODE project,  eCLIP-seq experiments can (and have 116

been) run for other purposes. For those other applications of the eCLIP protocol, this 

prescription about biological replicate samples may not apply.

Another feature of the lab’s experimental work that illustrates a greater depth to 

standards and prescribed, instructed action might be seen in what it takes to contribute 

to a database. As Bowker has explored, databases present a moving target with a 

particular sort of memory practices, all of which are inextricable from standards. When it 

comes to infrastructures, not only is it standards “all the way down,” as the eCLIP 

protocol demonstrates, but “all the way up.” That is, standards organize not only the 

technical components of infrastructures as they interface; they also standardize people, 

discourse, and action (Bowker 2005, 111-112). As a more mundane example, we might 

consider the terms that people use to describe themselves, particularly those related to 

ethnicity, sexuality, or gender. Those same terms influence the technologies of lawyers 

and courts, doctors, nurses, and medical coders, and social scientists. This, in turn, 

propagates new situations in which people are asked to describe themselves in those 

terms, fixing social fluidity into inscriptions and standards.

Biological databases operate in similar ways. Often, databases may be 

expanded to include new categories and objects. The ENCODE database is a case in 

  In the original grant that the lab wrote to take part in the ENCODE project, Arthur and his 116

collaborators both inside the lab and at other labs wrote that they could produce more RNA 
sequencing experiments at a faster rate than had previously been accomplished. At the time 
that the grant was written, prior to my ethnographic study, the lab had not yet developed the 
technology to do so. Only after lab members encountered and defined a series of problems in 
experimental protocols and their data analysis pipeline were they able to develop the eCLIP 
protocol. This allowed them to meet their original obligations and take on further experiments 
in successive grant cycles. For an example of how such a problem was established, and how a 
proposed solution began to emerge, see Chapter 3. The “input” that Claude discussed as part 
of his and Peter’s closure of that sequence in 2013 developed into the “size-matched input 
control” in the protocol published in 2016 and excerpted above.
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point, as it has grown to document the results of new experimental protocols (like 

eCLIP) as they have developed.  This growth, however, does not fundamentally 117

transform the existing categories of the database. Instead, it subtly tweaks them through 

accumulation.

Working within a data analysis pipeline offers slightly more flexibility than 

contributing to a public database like the ENCODE project (although the one is, in the 

case of the WD Lab, often related to the other). As indicated above, people may use 

experimental protocols in ways that are approved for some purposes, but not others. It 

is perfectly possible, for example, to run an eCLIP experiment without submitting the 

results to the ENCODE database. Indeed, in the last chapter Anton was in the midst of 

such an experiment, for his own purposes, and he has gone on to offer eCLIP as a 

commercial service. Similarly, one can adjust, repurpose, and transform pieces of one 

data analysis pipeline as one is creating another. In doing so, a bioinformatician may not 

be able to preserve all of the pieces that authorized the previous code for use with a 

particular project. Depending on the project at hand, bioinformaticians may either need 

to find new ways to make their pipeline work, they may attempt to discard the code 

inspired by the previous standard (although, in reusing old code, this would be difficult 

to do completely), or they may further graft on code from another source.

 For an up to date look at the variety of experiments that have contributed to the ENCODE 117

project so far, see https://www.encodeproject.org/matrix/?type=Experiment&x.limit= . As of 
March 23, 2018, contributors to the ENCODE database had used 47 different experimental 
protocols, each of which produced products that were approved for addition to the database. 
This approval, as demonstrated by the protocol excerpts above, is contingent on the inclusion 
of a number of procedures. That, in turn, results in a multiplicity of biological objects. As 
demonstrated by Peter’s quality control work, ENCODE also makes demands on the methods 
of data analysis used. Both experimental and bioinformatic work are influenced by standards 
such as the ones enforced by the ENCODE project.
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One of the ways that standards come into play is through the omission of data 

from analysis, particularly as this is done while doing QC. With this in mind, I asked Zoe 

about how many reads a data pipeline usually throws out. She said that she wasn’t 

exactly sure. Thinking of different protocols, she remarked that there was a lot of 

variation. Zoe confirmed that they usually omitted duplicate reads as they are usually 

considered side effects of experimental chemistry, rather than true biological findings. 

She also mentioned the omission of “a lot of repetitive elements.”  Even so, with the 118

ready availability of data storage, Zoe mentioned that the lab doesn’t “throw them out 

entirely,” but that they “set them into a separate folder and analyze those differently.”

On the same day that Zoe and I had that conversation, Kamal, one of the lab’s 

staff members who works as a bioinformatics analyst, was sitting at the next desk 

around the divider. He was working on a new pipeline to analyze some of the genomic 

elements that are usually relegated to just such a side folder. I did not realize it in the 

moment, but his work reflected several of the topics that Zoe and I discussed– namely, 

what the lab does with data that might be excluded from other analyses and how a new 

pipeline might be created.

§ 6.3 Software as Discourse / Co-Operative Coding

Writing in the volume Software Studies: A Lexicon, Yuill proposed that “all 

software is inherently discursive, it exists not as a set of discrete, stable artifacts but 

rather as interrelated components, entering into various combinations with one another.” 

 The most common repetitive elements of the genome are found at both ends of a gene, 118

indicating where it starts and stops. They are also called “non-coding” RNA, as proteins do not 
bind to them. As such they (presumably) do not play a role in gene expression. Their name, 
“repetitive elements” refers to the form that their sequence takes: they usually consist of the 
repetition of a single nucleotide, reading, for example, as “AAAAAAAAAAAAAA.” 
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(2008, 67) While I disagree with his initial part of the statement in its unqualified 

deployment of “inherently discursive,” I endorse the rest. Perhaps, by respecifying what 

might be considered inherent and discursive, the entire statement can be considered in 

full.

While software code emerges as text, the act of writing code mobilizes a variety 

of the ecological resources of social action. This is the case whether one is co-authoring 

code together with others who are co-present, or with others mediated through software 

interfaces, either through real time chat, voice, video, or through the prior accumulation 

of repositories of code. The inhabitants of Arthur’s lab have a distributed set of 

resources which can be mobilized and reconfigured into new algorithms, scripts, 

programs, and pipelines, many of which can be readily accessed by a single lab 

member working at their computer.

As Latour and many other members of the science studies canon have long 

maintained, the anthropocentrism of social theory is to its own detriment. Latour, in 

describing the operation of domination and power in society, argued that leaving out 

material, nonhuman actants would make nonsense out of regular, everyday exercises 

and negotiations of power. As an example of how a sociomaterial “load” might transform 

human action, technologies, places, and institutions, Latour describes a hotel key with a 

weight, coupled with a sign that says, “Please leave your room key at the front desk 

before you go out.” Together, as a complex, all might be transformed into a regular 

action: namely, that of actually following the politely phrased request of the hotel’s 

management. The trick, as Latour sees it, is that “the fate of a statement is in the hands 

of others, (Latour 1987)” and that “Any vocabulary we might adopt to follow the 
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engagement of non-humans into the social link should consider both the succession of 

hands that transport a statement and the succession of transformations undergone by 

that statement.” (Latour 1991, 105-6, emphasis original) Latour clarifies that what he 

means by “statement” is relative to its enunciation. It does not carry solely linguistic but 

semiotic meaning, and as such, can variously refer to words, sentences, objects, 

actions, infrastructures, or institutions. In this case, “statement” is fluid, occupying the 

transition between words and things and back again.

 Latour did not directly reference Greimas in making these distinctions, but, as 

usual for Latour, he has let Greimas set the stage. In Greimas and Courtés’ efforts to 

define “enunciation,” they proposed that it can either be considered to be a non-

linguistic structure that underlies communication or a linguistic domain that is 

presupposed by the existence of an utterance (1982, 103). Greimas and Courtés prefer 

the latter definition, seeing in it the possibility to explore the mediating structures 

between the “virtualized” possibilities of a sign and its manifestation. These structures 

include semiotic competence, in which a sign is actualized out of a number of 

possibilities, and discursive competence, in which a sign temporarily and processually 

comes into being in a particular space and time. The act of enunciation, in a Greimasian 

sense, requires a particular sort of intentionality. Greimas and Courtés interpret this “as 

a vision of the world, as an oriented, transitive relation owing to which the subject 

constitutes the world as an object while constituting it thereby.” (1982, 104)

In this, Latour and Greimas push further the questions of discourse proposed by 

Foucault, who considered the analysis of the discursive field to require that “we… grasp 

the statement in the exact specificity of its occurrence; determine its conditions of 
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existence, fix at least its limits, establish its correlations with other statements that may 

be connected with it, and show what other forms of statements it excludes.” (1972, 28) 

Foucault, Greimas, and Latour have some things in common in that each recognized 

the importance of the temporal and contextual nature of discourse. Each recognized 

enunciation not as a private, individual act, but rather as a transformation of semiotic 

materials. Greimas and Courtés saw radical power in enunciation as it transforms both 

subject and world together, and Latour saw radical power in statements as they are 

successively transformed through sociomaterial engagements.

A statement, an act of enunciation, is specific in its occurrence and binds 

together actor and world. To this, we might add ethnomethodological insights as to the 

radical detail to which an occasioned action attends, and the simultaneous 

transformations that might be at work in ordinary doings. Garfinkel’s studies in 

ethnomethodology display how closely inhabitants of a situation attend to what comes 

next, and the work that they do to adjust to situations as they continue. In his study of 

the routine grounds of ordinary action, he demonstrated the difficulties, both practical 

and anomic, of people attempting to respond to others who did not participate in a 

situation as expected. In examining the documentary method of interpretation, Garfinkel 

uncovered the rapid adjustments to judgement that people made to preserve situational 

continuity. These adjustments could be made with very little materials provided by the 

other (as in a single “yes” or “no” response).

Conversation analysts, beginning with Sacks, Schegloff, and Jefferson, likewise 

deeply considered the occasioned character of talk. While Foucault urged a 

consideration of discourse based on the specificity of a statement’s occurrence, not in 
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the least based on its timing in a historical milieu, conversation analysts urged attention 

to the fine shifts in meaning that may take place between turns of talk (Sacks, Schegloff, 

and Jefferson 1978). Conversation analysts and those who applied their work to make 

new ethnographic discoveries also became interested in closely occasioned and tied 

utterances and actions, first as overlaps between speakers (Jefferson 1973), and then 

inside of utterances in terms of format tying (M. Goodwin 1995) and in engagement with 

the world co-operative action (C. Goodwin 2018).

I have recapitulated different intellectual histories, through lines, and resonances 

between ethnomethodology, conversation analysis, and semiotics at various points in 

this dissertation. My reason for doing so once more here concerns the quote from Yuill 

that I placed at the beginning of this section. What might we understand from a claim 

that “software is inherently discursive”? My suggestion is to understand it as meaning 

that software consists of ongoing, developing action just like other work in the lab. The 

difference between the act of working with a bioinformatic data pipeline and that of 

other, preceding experimental processes lies in what is being manipulated and how the 

work of writing bioinformatic code relies on the mobilization of the bioinformatic 

resources of the lab– namely, repositories of code that have previously been written and 

approved, and the other lab members who work in a bioinformatic mode.

Crucial to C. Goodwin’s organizing concept of co-operative action are 

predecessors and the material-semiotic traces they have left behind. In both the 

immediate and the more distant and distributed past, we find and transform the 

materials left by predecessors. In C. Goodwin’s words, “… as architectures for 

perception objects inherited from predecessors make the distinctive forms of action that 
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constitute the work of a community possible, and can constitute both it and the actions 

that sustain it as something that can accumulate and change through time.” (2018, 264, 

emphasis added) In this way, accumulation and transformation with re-use is a 

pervasive feature of co-operative action. 

This mirrors the ways that Suchman describes plans and situated action. In 

Suchman’s terms, plans are, themselves, situated actions that simultaneously constrain 

some possibilities for future action while leaving others open-ended (Suchman 2007).  119

Goodwin’s framework of co-operative action places planned actions, standardized 

actions, improvised actions, and everyday actions on a more elastic, temporalized 

gradient. From the perspective of co-operative action, there is a commonality in the 

ways that people inhabit the actions of others, whether that means reusing some of a 

prior turn of talk or progressively modifying an airport timetable throughout a workday 

(C. Goodwin and M. Goodwin, 1995).

The manipulation of text in practice is a thoroughly social and embodied activity. 

This is demonstrated in Bakhtin’s (1981) study of discourse in the novel; Latour and 

Woolgar’s (1979) work on the laboratory as an inscription device; Knorr Cetina’s (1981) 

work on the relation between laboratory practices and how scientists work as literary 

reasoners; Klein’s (2017) work on embodied reading and experimental practices 

amongst cognitive scientists; and Alač’s (2017) work on the worldly engagement of 

perfume enthusiast’s online message boards. In previous chapters in this dissertation, 

text has emerged as an important feature of diagrams, instructions, and as part of the 

output of an automated experimental device. Nowhere in the WD Lab is text more 

 For more of this discussion as it pertains to the entire dissertation, see chapter 1.119
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central to ongoing work, however, than it is in the dry lab. In writing, tuning, and 

organizing code, and, in turn, the primary analytic software of the lab, bioinformaticians 

work within a complex substrate inherited from their predecessors. This substrate,  in 120

the form of repositories of code, recommendations for programming environments and 

editors, and the architectures for communicating both with co-present inhabitants as 

well as distributed consociates (to use Schutz’ term) is progressively transformed 

through use. As a field for interaction and an architecture for perception combined, it 

enables bioinformaticians to figure out how to proceed.

§ 6.4 Writing Code for Thrown Out Reads

After I my conversation with Zoe had concluded, I turned around the end of the 

table and asked Kamal if he would mind if I recorded him at work. Unlike many of the 

other dry lab members that day (including Peter), Kamal was working without 

headphones. I did not want to interrupt him and have a conversation like I had just had 

with Zoe. Perhaps I had broken the dry lab rules enough for one day by having just had 

a conversation for longer than a few minutes, but more likely I had seen someone in the 

midst of doing bioinformatic work and wanted a record of how they would proceed.

Kamal is not a graduate student or senior researcher in the lab. Rather, he works 

as one of the staff bioinformaticians. It is his job to clean datasets, run data analysis 

pipelines, and contribute code to ongoing projects. On this day, however, Kamal was 

largely working on one of his own projects. He was doing this together with Chris, 

 Following Goodwin’s use of “substrate,” I mean not only an accumulated mass of materials 120

but one that is continually transformable through further actions. As he put it, “A substrate is 
not simply an encompassing context, but instead an immediately present semiotic landscape 
with quite diverse resources that has been given its current shape through transformative 
sequences of action that culminate, at this moment, in the current action.” (2018, 39)

�252



another member of the lab’s staff. They were not working side by side, but rather were 

writing code independently, sitting a few seats away from one another without speaking. 

Occasionally, Chris would appear in a chat window on one of Kamal’s monitors.

When I had asked Zoe about what bioinformaticians did with reads that did not 

meet the standard for inclusion in the usual analytic pipeline, she had said that they put 

data for many genomic elements in a separate folder. As such, that data was not simply 

deleted. If a lab member thought of a compelling reason to analyze it, and could feasibly 

build a process for doing so, then that data would be available. Kamal’s work on that 

day was involved in just that– he was writing a new pipeline to analyze Circular RNA 

(colloquially referred to as “circRNA”). As I discussed in chapter one, circRNA is a 

subset of RNA that, unlike the more regularly found linear RNA, covalently bonds to 

itself in a loop. Because of this shape, circRNA had been thought until relatively recently 

to be unavailable for bonds with other molecules (including proteins), and as such were 

considered non-coding RNA. Unusually for a molecule that is usually linear (at least in 

the abstract) and so available for molecular bonds, circRNAs are circular, binding back 

on themselves. 

However, in a paper that had come out just a few months prior to my recording, a 

team of biologists split between The Hebrew University of Jerusalem  and the Max-

Delbrück Center in Berlin had found that circRNAs are associated with translating both 

some ribosomes as well as some proteins, at least under certain conditions in the cell 

(Pamudurtri et. al. 2017). While Arthur’s lab has been interested in non-coding portions 

of RNA for a variety of reasons, for the most part circRNAs had been left out of analysis. 
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Kamal, however, thought that it might be useful to revisit the circRNA data that the lab 

had already generated and put aside.

Initially, I just sat, leaning on another desk in back of Kamal, recording his work 

between programming environments that he had set to display on two different 

monitors. I asked Kamal if I could record, and for the most part he carried on, ignoring 

me. At a few moments he chuckled at the usual awkwardness of the situation, usually 

as other lab members passed through the small walkway that I was largely blocking by 

filming over his shoulder. The dry lab was largely quiet as I recorded, and most of the 

sonic texture of the room came from the low hum of computer fans, keyboard tapping, 

mouse clicks, and the soft squeaking of members adjusting their position in desk chairs.

Sitting and recording a single lab member at work might seem like a very 

restrictive position for the study of social interaction. If the work of writing code is 

considered as co-operative action, as co-operative coding, then Kamal could hardly be 

said to be working alone. Kamal was working from the available code already written by 

other members of the lab, which is kept available on a directory of shared, networked 

folders. Additionally, Kamal was working with his computer as an interlocutor, regularly 

attempting to run segments of his code to see whether or not they would output 

intelligibly. This was facilitated with two digital technologies that regularly feature in the 

lab’s bioinformatic work: Jupyter notebook and PyCharm. The “py” included in both 

pieces of software references their capacity as integrated development environments 

(IDEs) for use with the Python programming language.

Writing software code is, in many ways, an effort at translation. Humans used to 

human languages and action attempt to translate their directions, via programming 
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languages, to machines. This is a difficult task as computers tend to be very literal and 

orderly in how they interpret their instructions. In writing and editing his code, Kamal 

was hardly attempting to put together a complete program that would run perfectly, all at 

once, the first time. Instead, he expected some pushback from the machine. To address 

this, Kamal and the other members of the dry lab frequently worked in integrated 

development environments (IDEs) like Jupyter notebook. These environments can 

enable a software and its human author/operator to run their code regularly, as they 

write it. That enables a feedback process between the software and people like Kamal: 

as they continue to code, they can see if the software returns expected outcomes, error 

messages, or unexpected output. In this way, writing software often becomes an 

ongoing interpretive process.

Another strategy that Kamal put to use was, as I mentioned above, the re-use 

with transformation of existing code from the lab. As Zoe had mentioned, the lab’s 

bioinformaticians would regularly access their existing database of analytical programs 

and adapt them for different purposes. This often involves scrolling through existing 

programs, highlighting material, copying it, and pasting it into the program one is in the 

midst of writing and editing (Figure 6-1). This can be useful not only for the re-use of 

specific commands and directories, but also to re-use the structure of existing code.
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Figure 6-1: Kamal copying and pasting a section of code in the process of assembling a 
new program

Unsurprisingly, I was largely unable to understand the intricacies of Kamal’s work 

as he was producing it. And so, after about twenty minutes of recording him shuttle 

between windows, opening programs, selectively copying and altering them, and 

running small sections of them to check for errors, I asked him a question based on a 

part of his program that I could read: its title. I noticed that he was working on something 

that would identify possible circRNA reads. What I didn’t know (in addition to how he 

would instruct his software to perform that identification) was why that would important:

1 16:56:03 Don: (whispering) So why:y would you want 
2 Don: ta build something to define 
3 16:58:21 K turns in his chair to look over at D
4 Don: possible circRNA reads
5 17:00:25 K turns back to look at his right hand monitor
6 Kamal: (.) hmm
7 Don: Why is that a thing to be built?
8 17:05:00 Kamal: (. .) >so there’s nothing out there that does that.
9 K turns to look over his shoulder at D
10 Kamal: at least on, CLIP data.
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11 17:11:02 K takes right hand off computer mouse, waves it at 
12 right monitor. As he does this, K looks at the monitor 
13 and then back over his shoulder.
14 17:13:10 Kamal: To have fer (.) (adlach)=another sequencing data like
15         K turns back to look at his monitor and 
16 waves his hand at it again
17 Kamal: RNA-seq and #stuff#
18         K looks back
19 Kamal: #they don’t have it for CLIP.# Which
20 17:22:00 Don: =is it mostly mRNA stuff for CLIP?
21 Kamal: It’s uh=it’s mRNAs, but, the way:y (. . .) 
22 17:26:24 K pushes slightly off 
23 from his desk, turning more to face D. As he does 
24 this, he rotates his torso about a quarter way around.

Kamal’s rotation (line 24), or body torque (Schegloff 1988) gives the impression 

that he’s disengaging slightly from the work on the screen and engaging more in a 

conversation with me. A lot of what happens in the situation transcribed above is work 

both do to open the conversation, and open it at certain level of competence. This is a 

departure from some other conversations I recorded, where both interlocutors know the 

competence in the lab of the person they’re interacting with. By opening with the 

technical term for the biological phenomena at hand (“circRNA reads”) and then 

following Kamal’s reference of CLIP, while then referencing a more frequently analyzed 

biological phenomena (mRNA), Kamal and I together established the level of discourse 

and categories that could be discussed. Before going on to provide a more thorough 

explanation of his work, Kamal’s body torque indicated that an initial participation 

framework– namely, that of starting a conversation, and establishing some of how that 

conversation could proceed– had been completed. It also indicated a departure from the 

previous situation, in which Kamal’s work in progress proceeded, relatively interrupted, 

while I observed and recorded. This is, perhaps, more easily recognizable due to the 
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position I had placed myself in while recording, as I was directly opposite from Kamal’s 

bank of monitors. As such, the material positioning of both Kamal’s workstation setup 

and Don’s mutual setup for his ethnographic work impacted the form of our mutual 

bodily engagement within the situation.

25 Kamal: The content of the reads is different.
26 K continues turning, while tapping his left hand on the 
27 desk
28 17:29:27 Kamal: So RNA-seq tells you one thing, 
29 17:30:00 K sets both hands on his desk, apart, and then brings 
30 them together
31 17:31:12         K separates his hands again
32 Kamal: CLIP-seq’s, 
33 K turns, almost totally facing D, and rotates his right 
34 wrist and hand in the micropause after “CLIP-seq”
35 17:33:00 Kamal: >isagain RNA reads but #they’re# telling you a 
36 K waves/rotates hand again
37 Kamal: completely °different thing°.

Kamal’s gestures, accompanying his talk about RNA-seq and CLIP-seq, 

emphasized the differences, for his purpose, between the two experiments. Despite the 

similarity between the two experimental protocols, namely that they are both highly 

technical and specialized ways of sequencing RNA, Kamal says that they produce 

reads that are “different” in content (line 25). As he goes, he establishes a spatial divide 

between his hands that is timed with the names of each experiment. This serves as an 

initial upgrade to his assertion of difference, which is followed by a verbal upgrade, into 

“a completely different thing” (line 37) This serves as a format tied extreme case 

formulation, in which the initial upgrade occurs in gesture (some of which Kamal gives 

its own space, in a micro pause between utterances), and then speech. In this way, 

Kamal works with himself as an immediate predecessor, co-operatively transforming 
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and binding together words with gesture, leading from “different” (line 25) to “completely 

different” (line 37).

“Completely” is one of Pomerantz’ (1986) classic markers of an extreme case 

formulation, but not one that she explored in as much depth as others. Here, this 

emphasis builds on Kamal’s initial invocation of two sequencing experiments (RNA-seq 

and CLIP-seq) and sets up the bioinformatic work that he considers follows from the 

distinction. These sorts of upgrades and formulations are a frequent occurrence when 

lab members gloss or explain their work to others. Anton also asserted that his and 

Olivia’s projects were “completely different” in the last chapter. Similarity might also be 

asserted in an extreme form, as with Natalya and Erica’s matched, but opposed, use of 

“exactly” and “exactly the same” in their disagreement (chapter 4). Pomerantz asserts 

that extreme case formulations are used in anticipation of disagreement, to talk about 

causal relations, or as an evaluation of a practice. 

This invocation of difference, much like Anton’s in the previous chapter, also 

invites consideration on Wittgenstinean grounds. As I previously explored in chapter 5, 

Wittgenstein’s builders demonstrate how members or inhabitants of a situation 

understand distinctions unproblematically, by dint of their shared form of life. A 

connection between my conversation with Anton, Olivia, and Chati and my conversation 

with Kamal is that shared membership is not assumed. The extreme case marker 

“completely” in both situations came about following either an assertion of similarity (as 

with the previous case) or, in this case, after I invoked a potential difference (line 20). By 

opening his explanation with an unqualified “different” and later upgrading it to 

“completely different,” Kamal both invokes a difference between our understandings and 
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a legitimization of the explanation he provided between both utterances. His explanation 

was occasioned by my reference, and, at the conclusion of his explanation, the extreme 

formulation “completely” closed the explanation.

In between those bookends for the explanation was, of course, Kamal’s 

explanation, itself. This, as illustrated in Figure 6-2, is more than an accompanying 

gesture. As Alač and Hutchins (2004) illustrate, gestures and utterances are part of a 

Figure 6-2: Kamal’s developing, multimodal action illustrates the difference between 
RNA-seq and CLIP-seq reads of circRNA. Word bubbles and narration boxes 

correspond to lines 28-34 in the transcript. The location of each still in relation to talk 
and action is indicated by matching the numbered boxes in the corner of each frame to 

their corresponding appearance in the transcript.

multimodal complex, with neither carrying more meaning than the other.  This is the 121

case here, particularly with the developing importance of the difference Kamal 

established in mind. 

 In their words, it is less that “this gesture has this meaning when it is in this context,” and 121

more that “this gesture-in-this-context has this meaning.” (2004, 638) 
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Kamal’s explanation incorporates multiple, distributed components of laboratory 

work that can result in a data analysis pipeline. RNA-seq and CLIP-seq are both 

experiments used to sequence RNA, but Kamal explained that, even though they both 

result in a similar kind of inscription (reads), they’re signify something different about 

circRNA. This makes sense, as both types of experiment are meant to separate out 

RNA in a slightly different way. On the level of RNA, they distinguish between RNA in 

different ways, resulting in reads that Kamal interprets differently.

Drawing attention to that distinction provided a prospective platform for further 

explanation:

38 Don: °Right.°
39 17:37:00 Kamal: #It’s a really, targeted subset of mRNAs.# (. .)
40 K holds out hand, fingers partly 
41 extended, as though about to grasp 
42 something

As Kamal went on to describe the difference between RNA-seq and CLIP-seq, 

he again produced a heightened case formulation by describing “a really targeted 

subset of mRNAs” (line 39) along with a reaching, grasping gesture (Figure 6-3). This is 

a further specification, with accompanying gesture, of the relevant differences Kamal 

portrayed.
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Figure 6-3: Kamal further emphasized the specific, “targeted” character of circRNA in 

relation to the larger category of mRNAs.

While Kamal’s explanation to that point illustrated that circRNAs might appear in 

different ways as a result of different experiments, I was still not sure that I understood 

why he was writing a new analysis pipeline to analyze them. This led Kamal to further 

distinguish circRNAs not only on the basis of how they appeared as a result of different 

experiments, but as they might be distinguished from other types of RNA in terms of 

their shape:

43 17:40:09 Kamal: (.) #uh.# So:o
44 17:41:17   K turns his head back to the monitor, 
45    while keeping his torso in the same position   
46 Don: #Yeah I-I have to say I don’t know as much about
47    K turns his head back towards D
48 Don: circRNAs.# [There being so]
49 17:45:17 Kamal:         [Yeah, they’re] 
50       K turns and points to his right monitor in a 
51       quick arc, turning his head to look at it > >
52 Don: many different, prefix-^RNAs, right? (.)
53    K smiles
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54 Kamal: hh ^they’re
55 Don: c:ee and-well, that’s cDNA, #mRNA and like# yeah.
56 17:53:18 Kamal: They:’re 
57        K turns further towards his monitor and retracts his arm
58 Kamal: unusual.
59          K pushes his hand towards the monitor, while facing 
60          the camera
61 Kamal: They’re not your usual form of mRNAs.
62                 K looks at D, hands on desk > >
63 Kamal: That express proteins and stuff.
64 K holds his hand out in D’s direction . .
65 Don: Ye:ah,
66 Kamal:           =They’re
67 Don:   =um, °what they do.°
68 Kamal: (. .) They’re more like a self-regulated ^mechanism 
69 Kamal: #uhm so basically# (.)
70 K begins to loosely point with right hand
71 Kamal: hh #they shape#-it’s sort of like 
72 K opens right and and waves it with together 
73            with his left
74 Kamal: a misshaped, ^RNA.
75 K places his hands together in his lap > >
76 Kamal: #so#

I did not have much familiarity with circRNAs, and I admitted as much (lines 

46-48). As I did, Kamal turned his head back towards me, demonstrating his 

engagement as a hearer with his gaze (C. Goodwin 1980). This led to a restart of our 

conversation (even though it took me, the ethnographer, a few turns to realize it), one 

that centered distinctions between phenomena rather than experiments.

The first distinction that Kamal made about circRNAs is that “they:’re 

unusual.” (lines 56 and 58) He further emphasized this through a negative comparison, 

saying that “They’re not your usual form of mRNAs”, (line 61) which, is both the more 

ordinary molecule and the more frequent subject of laboratory investigation, “express 

proteins and stuff.” (line 63) 
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Kamal emphasized his explanation of the distinction between the phenomena 

targeted by his work by first indicating his monitor and then turning back towards me. 

Indeed, his explanation explained not only why circRNAs were unusual relative to other, 

more common varieties of RNA, but also why his work on them was unusual for the lab. 

As Zoe had said, a variety of reads might be “thrown out” during analysis. Her examples 

of such reads were artificial duplicates or repetitive elements, but also excluded from 

most analysis are “non-coding” RNA, which most typically take the form of the repetitive 

elements found at both ends of a gene. However, as mentioned above, circRNA, 

despite not having the form of repetitive elements, was understood until recently to be 

non-coding. This was due to in large part to the discovery of their (“misshaped”) shape.

77 18:13:15 Don: (. .) hm:^m m uh, y-y-you you [can] 
78 Kamal:      [hah]
79         K smiles, turns towards monitor 
80 Don: if you feel #cool with it#
81 K, still smiling, turns towards D
82 Don: you can go-go further with #that.# 
83 Don: #Ah, ‘cause I-y’know I have an idea of the usual way# 
84            K, still smiling, turns towards monitor
85 Don: that RNA is shaped, °and the way that it,°
86 18:25:21 Kamal: =well, th-
87 K rotates right arm while looking towards the monitor
88 Don: #translates things#
89 18:27:12 Kamal: th-normal RNA, like, it has exons and stuff, right?
90 K waves right arm sideways, turning towards D
91 Don: ye^ah
92 Kamal: Exons. One, two, three four. Right?
93 K brings arm forward with each count 
94 Don: Ri[ght.]
95 K turns back to monitor
95 Kamal:    [Cir]cle RNAs kinda have those backwards.
96 18:35:02 Turning back towards D, K extends his 
97 index finger and makes a circling motion back and 
98 away from the direction where he has turned his head
99 Don: O[h.]
100 Kamal:    [Yo]u do like one two. Then four three.
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101 K extends arm for two beats, pauses for 
102 emphasis (matching the verbal micropause),
103 then pushes the next two beats
104 Kamal: So instead of having >one two three four
105 K repeats, and accelerates, 
106 the same gesture
107 Kamal: the four precedes the three.
108       K, beginning from the furthest point out from his 
109 body (where he held his arm after finishing on 
110 “four” (line 104), arcs his arm over and back 
111 towards a previously held position.

The precision timing of Kamal’s actions, particularly between lines 100 and 111, 

is immensely important, as through them he was able to synthesize an explanation of 

circRNAs both as they are inscribed within the analysis pipeline and as they exist as 

multidimensional, biological phenomena. The spatial designations matter to the 

developing spatial order of the phenomena described. In other words, Kamal embodied 

circular RNA in a way that a read, which does not have the same spatiality as Kamal’s 

gesture, cannot. This is rich, diagrammatic reasoning through gesture (Becvar et. al. 

2005; Bjørndal et. al. 2014; Smith 2018; Tylén et. al. 2014). Beyond its consideration as 

a gesture, however, Kamal accomplished this complex of meaning as a developingly 

unfolding action. The occasioned meaning of this gesture-in-context (to adapt Alač and 

Hutchins’ phrasing to include some ethnomethodological temporality) illustrates that we 

do much of our thinking, and understanding, out loud and in public. In other words, in 

the vein of Rawls (2008) and Garfinkel (2008), and to an extent also Wittgenstein, to be 

intelligible is to be publicly intelligible. 

This is somewhat at odds with the more cognitive approach advocated by Kita 

(2000), whose piece begins with a dichotomy between the communicative and cognitive 

dimensions at gesture. Rather than considering gestures to influence or relate to 
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thinking, we might consider how they, included within a complex of developing actions, 

constitute thinking. As advocated by Coulter (1989),  I might say that the mind exists 122

within social action, and as such thinking and understanding are thoroughly sociological 

subjects.

Kamal’s developing action can also be seen as a further example of Alač (2011) 

and Vertesi’s (2014) explanations of how scientists embody phenomena. As with Alač 

and Vertesi’s examples, Kamal builds in not only the spatial representation of the 

phenomena under discussion but also its inscribed form, as genomic reads of exons 

(the repeating elements typically found at the end of genes) typically form a particular 

order. By spatializing this order in progressively unfolding gesture and talk, Kamal 

demonstrates what is typical of RNA molecules in the abstract (as in the actions 

described between lines 92 and 93 and then again, in accelerated form between lines 

104 and 106). Then, by modifying his gesture by moving his arm in an arc, back to a 

prior counted position, Kamal demonstrates both the difference in the order of a read’s 

code as well as the distinct three dimensional shape of circRNAs, which loop back onto 

themselves. 

This would not be as visible simply from looking at some genomic pseudo-

code,  appearing for example as “ACUG,” and then rearranging the letters (as Kamal 123

verbally indicated) into “ACGU.” His point about the difference in order could be made 

 Who, himself, grounds his work in a combination of Wittgenstein and ethnomethodology.122

 I am adapting this term from how “pseudo code” is used in computer science, in which the 123

steps in a program might be sketched out in a way approximating more ordinary language than 
the precise language to be used within a programming language. “Genomic pseudo code,” in 
this use, refers to an example using the letters of genomic code that does not necessarily refer 
to any particular biological phenomena. In a way, Kamal’s embodied talk-in-action exemplifies 
a more abstracted genomic pseudo code.
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that way, but not simultaneously the “circling back” shape of a circRNA molecule. By 

using the spatio-temporal, progressively unfolding resources of embodied interaction, 

Kamal was able to simultaneously speak to both the shape of RNA and circRNA 

molecules in the abstract  and also to their inscribed, linear form in reads. 124

In this way, Kamal provided an elegant explanation about not only the pipeline 

that he was coding (in response to my initial query), but also how it might be possible for 

his software to recognize those same biological objects. The software that he was trying 

to adapt would usually ignore RNA sequences that did not appear to have its 

characteristically linear form. Although it would be a complicated process, Kamal was 

hoping to re-arrange a program so that it would, instead, locate just those sequences of 

RNA that the most of the lab’s software had been instructed to place elsewhere. If this 

could be done relatively quickly, then the lab would rapidly gain the ability to use its 

existing database to explore a biological phenomenon that was rapidly becoming a 

subject of interest. In the terms of co-operative action, Kamal’s process was thoroughly 

discursive: it brought together the existing, prior materials of his community in order to 

developingly transform them into a new process.

§ 6.5 Co-operative coding, synthetic situations, and bioinformatic conversation

As a last example, I want to return to the beginning and consider how Peter and 

Claude attempted to adapt a piece of analytical software, developed at a different lab, 

for use in their own data analysis pipeline. From the point at which I initially introduced 

the example, at the start of the first chapter, I would hope to have established the 

 As in, without speaking to any particular RNA or circRNA molecules.124
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example in rich grounds. In many ways, the extended version of Peter and Claude’s 

activity brings together the overarching themes of this dissertation: it consists of a 

synthetic situation in which the complicated sociomaterial ecology of the lab is made to 

overlap. The work that Claude and Peter are attempting to do in this situation is a 

tweaking, a tuning, of the end of the lab’s analytical process.125

This example explores how bioinformaticians of the lab marshal together 

biological materials, automation, digitiziation, quantification, and embodied action. In 

this specific example, Claude and Peter use these resources to deal with a complex of 

problems arising from both the adaptation of a software package from a different lab. In 

this example, we can follow how bioinformaticians make biology intelligible as Big Data, 

and how they attempt to make Big Data intelligible on a human scale. As described 

throughout this chapter, bioinformatic work is interesting because of its blend between 

human, computational, and biological sense making. This can complicate how 

bioinformaticians analyze the results of an experiment a mass of experiments as they 

are collected in a database. 

As I sat in the dry lab one day in fall 2016, I noticed that Peter and Claude had 

evidently run into a problem that they were trying to fix. Namely, they could not quite 

figure out why a software package called DESeq2  was displaying a particular form of 126

 Of course, it is not the final part of the process. Analysis, as demonstrated in chapter 3, 125

continues as lab members present their work. It continues further as they upload it into 
databases, develop publications, and otherwise make their work to travel. These are 
fascinating subjects in their own right, but are out of the scope of my present project.

 DESeq2 is a software package that was developed at the University of North Carolina-126

Chapel Hill. While Peter and Claude were not in close communication with the developers of 
DESeq2, they were able to ask a few questions over the bioconductor.org website. 
Unfortunately for Peter and Claude, their attempt at using the software for a non-standard 
purpose resulted in frustration. The original developers were able to agree that they had a 
problem, but were largely unable to understand the specifics of Claude and Peter’s attempted 
adaptation.
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output. At least, Peter was having some trouble understanding why his implementation 

of the software, together with a locally produced dataset that he was using to test his 

implementation, was resulting in the output that was being produced. Some of this 

difficulty in interpretation stemmed from a difficulty in figuring out what the problem was. 

It could have been a problem of Peter’s implementation in the R programming 

language,  it might have had something to do with the number or qualities of samples 127

that they were using as a sample database, or it could have been something else 

entirely.

Peter articulated several potential solutions to the problem, none of which 

seemed to convince Claude. As the situation progressed, the two together examined 

Peter’s code and the DESeq2 documentation in a familiar processing of debugging.  128

While this is routine for the two of them, I was fascinated by the bodily and digital 

semiotic resources that Peter and Claude brought together to do this work. Building on 

the prior cases in this chapter and the last, this work brings together how human, 

biological, and computational sense making come together (and complicate) 

bioinformatic work and problem solving.

Prior to the start of the transcript, Peter and Claude had been sitting together, 

side-by-side, for about 30 seconds as they examined the output of a Peter’s code. In 

many ways, the sequence begins with this display from the software. Peter begins by 

reacting to what he sees on his screen:

1 35:00 Peter: That was the problem.

 As might be evident from the prior example, the lab’s bioinformaticians prefer to work in the 127

Python programming language and associated IDEs. Peter was no exception.

 As this example demonstrates, this is a much more complicated process than Anton 128

described in the previous chapter.
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2 P swings his right arm to point at computer screen
3 Peter: So this is, this is if you, 
4 38:00 D walks around the partition around the edge of P’s
5 cubicle, increasingly centering P in the frame.
6 Peter: if you’re comparing if you’re 
7 C looks up from his computer, leans towards Peter’s 
8 screen >>
9 Peter: calculating the log2 fold change, of,
10 43:00 the two samples against each other. . .
11 P . . . . . . . . . . . . . crosses both index fingers 
12 P turns to look at C and secures his gaze in return
13 45:00 P turns back to face his own screen
14 46:00 Peter: Then that’s what it looks like. . .
15 P waves at screen with left hand
16 47:15 D zooms in on the screen. A window in the RStudio 
17 IDE is open, as is another window with the DESeq2 
18 documentation

Figure 6-4: Peter attempts to interpret the output from the DESeq2 software with Claude
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Troubleshooting and debugging is a process. As a practice, a key part of 

troubleshooting is the work that can be done to render a problem visible to a skilled 

practitioner. This is why, so often in working with software code, computer scientists will 

see an error and then might look up what that error means in its accompanying 

documentation (or they may simply type the error message into a search engine and 

see what results). Depending on the programming language and development 

environment, they may have visual cues and directions indicating where the language’s 

interpreter is running into trouble. After repeatedly encountering an error, skilled 

programmers like Peter and Claude may have an idea of what that message means and 

search their code accordingly. In this case, though, the software had not returned an 

error message. Rather, it had produced a graphical output in the form of a scatter plot 

that Peter and Claude struggled to interpret.

From an anthropocentric standpoint, this sequence seems to begin with Peter’s 

utterance, “that was the problem,” (line 1) timed, as such utterances often are, with a 

deictic gesture towards the screen. However, as I mentioned above we might reconsider 

the position of Peter’s actions as a response to the machine. As with the tapestation in 

the previous chapter, we might consider the software and all that it encompasses to 

form an interlocutor for Peter and Claude. And as I was to observe Kamal doing months 

later, Peter and Claude were going to attempt to adjust their communication with the 

software accordingly. The difference between this example and the last, from my 

standpoint, is that Peter and Claude were human interlocutors that made their actions 

with the software accountable in a form that was easier for me to understand. As they 
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worked out what to do next in order to understand the DESeq2 output, they would 

digest it together in talk and action.

Seen in this light, Peter’s utterance in line 1 is a response, made after a long 

silence in which he and Claude were looking at the documentation for DESeq and a plot 

that it produced as output from Peter’s code and the two datasets that he loaded into it. 

This is further exemplified by how Peter begins: “That” is the kind of indexical often 

understood through context. As such it either grabs onto something in prior talk or, in 

this case, is a word that might indicate something that the speaker wishes to indicate in 

the environment. However, Peter did not directly point at any part of his screen while 

making this gesture (visible in the second panel of figure 6-4, above). This was not a 

mistake. As he elaborated what he meant, specifying in further talk what he meant 

before by saying, “that was the problem,” it became clear that he thought the problem 

had less to do with a specific piece of code and more to do with how he and Claude 

were attempting to use the software. In short, Peter suggested that there was 

something strange resulting from asking DESeq2 to perform a particular mathematical 

transformation (the “log2 fold change”) on two samples. There was a great deal of 

coordination in Peter and Claude’s timing as Peter initiated his explanation: he paused 

briefly (after “log2 fold change”) when he saw Claude moving forwards, towards the 

screen. Then Peter turned to look at him while crossing his fingers, illustrating how 

DESeq2 has been given two samples to compare.

Following this, Peter referred Claude to the graphical plot, saying, “Then that’s 

what it looks like,” with another accompanying deictic gesture. This one, compared to 

Peter’s earlier wave in line 2, was coupled more specifically this time not only with 
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Peter’s utterance but with a manifold of other resources of co-presence. These included 

how that he and Claude were seated, looking at a program together, to the way in which 

the window in which RStudio was set to display a graphical plot. Peter was attempting 

to simultaneously coordinate them together into an unfolding complex of meaning. 

Indeed, throughout this situation, Peter and Claude often coordinated their actions and 

speech in displays of mutual monitoring (M. Goodwin 1980), despite their gaze, for the 

most part, orienting towards the screen.

Despite their impressive marshaling of multimodal semiotic resources, Peter’s 

response to DESeq’s plot here didn’t resolve much. Neither Claude nor Peter were sure 

how to interpret the plot in question. After contemplating this for a few moments, with 

some softly voiced questions from Claude about whether the plot illustrates significance, 

they then shifted into reading the documentation for DESeq2. This move was an 

attempt to see if the problem was in Peter’s code, and, if so, how they could debug it.

17 49:00 Claude: Okay. . .
18 52:00 Claude: and that, hass °significance?° . .
19 56:00 Peter: #a:hhh °what kind of plot is#
20 57:14 P brings manual to the foreground of his screen and
21 begins scrolling through it >>
22 58:30 Peter: >Imean there, hh hh
23 59:00 D zooms back out
24 Peter: >thisis[al:ll]
25 Claude:         [is there anything significant?]
26 1:01:24   actually, can you (unclear) on the results, right?
27 1:05:00 Peter: >Yeah. I think so.
28 1:08:00 Claude: (mumbling while reading, unclear)
29 1:12:00 Peter: I don’t think, hh . . .  . .
30 1:19:20 Claude: Uh:h, probably on the bottom.

As Claude and Peter moved more fully into engagement with the debugging 

process, Claude became both more verbally and gesturally involved with the screen. As 

they did so, it increasingly took on the features of what Alač has termed a “field for 
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interaction” (2011, 2014). The output window and plot of RStudio in this case were part 

of this field, but so was the documentation for DESeq2. 

Claude responded to Peter’s initial attempt establish that the problem might be 

with what they were asking the software to do, by asking further questions. These first 

centered on how they might interpret the graphical output from DESeq2. As he 

examined it, he could not find any markers of statistical significance. This occasioned a 

turn to the software documentation– the manual that software developers package with 

their software to explain its operation. As Peter began to scroll through it, Claude began 

to point out possible commands that Peter could write into his code that would result in 

a more intelligible output:
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As they examined the documentation, Claude first identified which part of the 

software might “do the smoothing.” (lines 37-8) By this, he indicated a process by which 

DESeq2 could render large differences between data more legible. This would be 

accomplished by the software through two processes of mathematical translation: first, 

a dispersion parameter and then the aforementioned “log2 fold change.” (Line 9) As 

Peter scrolled through the documentation, Claude indicated which parts of the software 

he thought might address its output (which had been unintelligible thus far). 

This led to a transition on the screen. Between lines 36 and 38, Peter brought the 

RStudio IDE back into the foreground so he could adjust his code at Claude’s direction. 

This direction was communicated through talk as well as specific, environmentally 

coupled gestures (C. Goodwin2007), as Claude pointed nearly directly on lines on 

Peter’s screen. The specific location of different lines was important, as the spatial order 

of code is part of its interpretability by both humans and computers. It was crucial that 

Peter write in not only the correct commands, but that they were in the right order. This 

is what Claude indicated between lines 41 and 44, as he directed Peter first to delete 

old sections of code that could interrupt the software’s operation and then to make sure 

to locate a new command in its proper position. When Peter hesitated at this, Claude 

explained that “That’s where it calculates it,” in this case, meaning the mathematical 

translation that might make their data more easy to interpret. 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The way that Peter spatially shifted around his code, complete with directions 

from Claude to cut and paste segments in different locations, was important to whether 

or not the software would run as expected. In that they attempt to follow instructions in 

order, software programs somewhat mirror a basic image of procedural action. In 

comparison to human agents, however, computers have a difficult time adjusting to 

procedural steps that they do not understand.  A great deal of programming work has 129

to do with working out this problem of human and computer collaboration. Programmers 

have to figure out how to translate action into a series of foolproof steps, 

understandable via the programming language at hand, into something that a computer 

can execute. In this regard, examining sequences of debugging are ideal settings for 

not only how humans might figure out how to use a machine, but how to be responsive 

to one.

That, after all, was the matter at hand for Claude and Peter. They wanted to see 

if implementing DESeq2 would help them to more easily render their data intelligible. As 

that data is developed from a cellular and molecular scale into a digital scale through 

high throughput sequencing into large datasets, this is a difficult task. More 

bioinformatic work than might be expected is devoted to working with machines to 

render large datasets in ways that make important comparisons more easily visible. A 

key part of this process is to ensure that a dataset is readable first by machines and 

then, through those machines, to people. 

 This should not come as a surprise, considering the resources that the human inhabitants of 129

the lab bring together in order to overcome regular problems of procedural action. 
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In this case, Peter and Claude’s attempts to debug their code, that is, to get their 

software to provide them with intelligible output, ended in frustration. Starting on line 51, 

Peter began to vocalize responses to his attempts at running his newly altered code. 

This repeatedly produced error messages in the output window. These outputs 

occasioned what conversation analysts might what Goffman and some conversation 

analysts would call “response cries”: a particular example is Peter’s “Ih!” on line 57. 

Following this cry were Claude and Peter’s further attempts to alter their code so as to 

receive an intelligible response from the software. Amongst the errors that they 

encountered was a code for “DDS”, which, for DESeq2 is involved in the display of 

results from the other parts of the DESeq package. 

In other words, in this attempt at debugging, Claude and Peter first attempted to 

clear up any problems they could perceive. They attempted to deal with these issues by 

mobilizing a mixture of their co-present, interactional resources, from their bodies and 

words to RStudio and DESeq documentation. Then, they encountered an error which 

Claude considered to be part of how the results of those instructions would be made 

visible to them. Seeing this, they attempted further operations on their code:

65 2:01:24 Peter: (°I should just leave it out for any of that.°)
66 2:04:04 Claude: °H^m°
67 2:05:09 Peter: °Or make a hard copy and past all the code°
68 2:08:23 Claude: °Hm.°
69 2:10:04 Claude: °That’s coordinates.°
70 2:14:02 Claude: °How big is that (unclear) as a parameter?°
71 2:17:04 Claude: That’s ^interesting.
72 2:19:20 Peter: Doesn’t change at all.
73 2:23:12 Claude: °That expression°
74 2:25:00 Peter: U:h and it looks like
75 2:29:14 Claude: (unclear, very quiet)
76 2:31:05 Claude: Actually that
77 2:32:16 Claude: (right click)
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78 2:36:00 Peter: No cause we have no-I mean.
79 2:37:02 Claude: =You coul-can you flip back between (unclear) cause 
80 you had them both open or is it
81 2:42:02 Peter: Maybe.
82 2:43:24 Peter: I don’t ever use this. Yeah apparently it ^does
83 2:47:14 Peter: It’s the same.
84 2:50:08 Peter: I-I think it has to do with the fact that I’m only usi:ng, 
85 two samples.
86 2:54:11 Peter: When in reality DESeq wants way more than two 
87 samples.

Their efforts continued for about another minute. If the transcript above, between 

lines 65-87 seems incomplete, that is because it is: in an important respect, it is missing 

its third party. As Claude and Peter attempted to position their code in such a way that 

they could derive an intelligible result from it, the output from the software continued to 

frustrate. During this passage of talk, Claude and Peter attempted to not only fix Peter’s 

code in the input window, but also adjust how RStudio displays those results. Claude, 

who has more experience using RStudio than Peter, directed him to make the output 

display differently. Peter was able to accomplish this, but these efforts to change how 

the output is displayed “doesn’t change at all” (line 72). That is, they do not make the 

software’s output any more intelligible than it was before. Even after Claude’s further 

intervention “it’s the same.” (line 83) 

Peter then restated his initial candidate framing for the problem that they 

encountered: it’s not a matter of display or of implementation, but rather that DESeq2 

“wants” (line 86) something different than they are giving it. Since they are trying to get 

the software to provide them with a visualization of differential gene expression, Peter 

thinks they have to give it more than the two samples (or, rather, two datasets 

corresponding to two biological samples– Peter collapsed that step of biological to 

machine translation by simply saying, “samples.”).
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88 3:01:07 Claude: ^Hm >°frankly about that part of running two samples°
89 3:03:27 Peter: What?
90 3:04:28 Claude: °Remember anything about that. [(unclear)]°
91 3:07:18 Peter: [I mean] it’s cause it the:e like the variance estimating 
92 stuff-there’s an entire section there for like when your-
93 when you’re comparing one to one, at the very 
94 beginning it’s just like do not do this. 
95 3:23:25 Claude: N:^o it’s-t’s not working.
96 3:29:16 C leans forward, P continues to look at the 
97 documentation
98 3:31:13 Claude: °>waitaminute go ^back°
99 3:33:21 Claude: No:o um
100 3:41:11 , , C points > >
101 3:41:16 Claude: Scroll down 
102 3:50:16 Claude: No that doesn’t make sense
103 3:55:23 Claude: (Since) it’s not shrinking it shouldn’t be modifying the 
104 values at all and it’s definitely 
105 4:00:22 Claude: (This is hard) it’s like one read versus, five reads.
106 4:03:26 Claude: °Check the #log fold change#°
107 4:08:02 Claude: One read versus ten reads. Showed a mean of five °
106 (fold change it)°
107       C moves his hand from his face towards 
108 the documentation
109 4:15:00 Peter: Huh.
110 4:16:26 Peter: All of those are significant.
111 4:18:16 Claude: Kh-^kh
112                 C sits back
113 4:19:19 Claude: °It’s just broken.°
114 4:21:06 Peter: °Yeah°
115 4:23:28 Peter: Yeah that’s cause I’m saying that, I-I’m not comparing 
116 really anything

While Claude initially disputed Peter’s proposal that the problem had to do with a 

mismatch between their samples and the software, in returning to the idea Peter 

referenced the documention. Claude replied that he doesn’t “remember anything about 

that.” (Line 90) This has the effect of leaving their problem open ended, which Claude 

reinforces by saying, “no, it’s not working.” (line 95) This restates that the problem is as-

yet undetermined, but also leaves open the possibility that it could work, even under the 

conditions that Peter is saying could be a problem.
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And so, at the end of this sequence (which I’m calling the end for this reason), 

Peter and Claude wound up back where they started. Except this time, Claude’s 

assessment that “It’s just broken” (Line 113) was informed by their attempts to find, 

through developing, unfolding co-operative interaction with the machine, different 

possible ways to get the software to work. It never did, at least if “working” is understood 

as producing an easily intelligible and expected output. More than that, the software 

appeared to have displayed a very serious problem in how it seemed to be using a 

mathematical transformation that Peter and Claude had already written in their pipeline. 

Despite the math being the same (the aforementioned “log2 fold change” is a 

mathematical transformation), DESeq2 did not display what Peter and Claude expected. 

After adjusting a few things on their end, namely, the code that they were using to 

communicate with the software, they still did not know exactly why not.

To this point, Claude continued to say that it was “broken,” and Peter continued 

to say that DESeq2 was struggling to work properly with a limited number of samples. If 

that was the case, then the problem would lie partly with using a program intended for 

very large quantities of data. Remember, in this case, that even two samples would 

contain digital inscriptions of multiply replicated genes; there is already a great deal of 

data there, but Peter was saying it wasn’t enough to be interpretable by the software. In 

turn, the dual inputs to the software (namely, code written by humans and data derived 

from cells) resulted in seemingly meaningless or broken output that Peter and Claude 

were, themselves unable to interpret. 

Luckily, this was just one piece of software amongst many. Working to adapt 

DESeq2 was relatively low in its stakes, as the WD Lab’s bioinformaticians and 
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experimental scientists produce new iterations of their lab every day. The lab had many 

more data analysis pipelines to use and adapt, and so, ultimately, Peter and Claude 

abandoned their tinkering with DESeq2 and returned to work on their own software. 

Even so, the process of attempting, and failing, to work with the DESeq2 

software exemplified many of the projects of the lab. It was an attempt to bring an 

ecology of action, and actors, together, to bring them into synthetic alignment or 

overlap. This is not a straightforward process. Rather, it is one that requires a diverse 

community of resources and agents that move in and out of contact with one another. 

Problems emerge in their interaction and, as Barad might put it, their intra-action. 

Despite moments of resistance or failures of intelligibility, the lab’s inhabitants are able 

to find new ways to go on. In the preceding chapters and examples, the methods that 

the lab’s inhabitants use to do this have been described across a variety of situations, 

each of which arose from the interdisciplinary mixture of bioinformatics and molecular 

biology. As the history of both fields suggests, this hybrid mixture has long been in 

development. With its successes and frustrations, it continues to be so.
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Chapter 7: Hybrid Study

“Ethnomethodological studies of formal structures are directed to the study of such 
phenomena, seeking to describe members’ accounts of formal structures wherever and 

by whomever they are done, while abstaining from all judgements of their adequacy, 
value, importance, necessity, practicality, success, or consequentiality. We refer to this 

procedural policy as ‘ethnomethodological indifference.’ ”

- Harold Garfinkel and Harvey Sacks, 
“On Formal Structures of Practical Actions” (1986, 162-3)

A coalition within science studies has explored material agency for over three 

decades at this point. At the conclusion of a study about how laboratories might be 

understood as an ecology for action, what is new? In the foregoing pages, I have 

presented situations that might lead us to consider distinctions between actions and 

agency, particularly amongst the situations that unfold in the WD Lab. There, 

considerations of social action become lively. In the first chapter, I wrote of the WD Lab 

that it would serve as a perspicuous setting for the intersection of both genomic and 

ethnomethodological interests, but what does that mean? The answer, in part, has to do 

with what Suchman has termed “human-machine reconfigurations” (2007). More than 

human and machine reconfiguration, the lab requires a hybrid of human/machine/

intracellular ecology that makes bioinformatic work, and genomic research more 

generally, possible. The WD Lab community is made up of interactions with and about 

biotechnologies– that is, those assemblages of humans, biological samples, and 

machines that together produce that research.

Thinking with Sormani (2014), we might reflexively consider the challenges and 

opportunities facing a laboratory ethnographer who becomes entangled with such a 

community. One of these challenges might be demonstrated by reference to a term that 
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I have frequently deployed in this study: namely, the Latourian analytic of 

“inscription.” (1979, 1987) I have described a wide range of laboratory practices and 

phenomena using this term, which can be flexibly applied to a wide range of semiotic 

transformations. Most typically, it refers to transformations of materials or interactions 

into a more stabilized form, usually one that is either written or graphical in character. 

Sormani, in his argument for respecifying laboratory ethnography into the categories of 

members, has criticized this sort of usage (and similar practices in science studies) as 

second order categories.  130

Sormani sees this as an issue because it brings laboratory ethnographers further 

away from the communities and practices that they study. Instead, he argues for a 

radical and ethnomethodological practice. Rather than second order categories, he is 

interested in first order ones. These are the categories that members (in his case, 

members of a high energy physics lab) use. His approach is to explicate the society of 

the lab as it is already known to members, in their own terms. This is somewhat like 

exploring the social theory that develops as people go about working and living in a 

community. However, what results from such community life is unlike theory in its 

practicality. Members of places other than sociology departments and their ilk are not 

terribly interested in investigating society and therefore we (as social investigators) 

should expect that their categories differ from ours.131

In this study of a laboratory community, I have purposefully mixed second and 

first order categories together. This reflects my own practices as a ethnographic 

 This follows Schutz’ use of the same term.130

 If ethnomethodology has fundamental principles, this is one. It is exemplified by Garfinkel’s 131

discussion of how sociologists’ and psychologists’ methods make “dopes” out of social actors 
(1967, 66-73). 
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videographer who participates and converses with lab members while I record. This has 

similarities to Sormani’s “practice-based video analysis” (2014, 15), especially in its 

relation to hybrid ethnomethodological studies (Garfinkel 2002, 100-103). As a hybrid 

study, the one contained in these pages might be evaluated as a mixed bag: certainly 

my descriptions of most situations in the lab sit uneasily with Garfinkel’s directive that 

such studies “are written to be read alternately and interchangeably as descriptions and 

instructions.” (2002, 102) On the other hand, as Garfinkel also points out in one of the 

epigraphs to this dissertation, instructions are unavailable in just the ways that they 

might come into contact with actual, lived practice. Instead of that sort of description, I 

have attempted to place myself in situations, and then unpack them in ways relevant to 

both the genomic and sociological topics at hand. In these descriptions, the categories 

of the lab– for example, between “sides” of the lab; between “completely different: or 

similar experiments and samples; between “useable” and “recoverable” samples; 

between data analysis pipelines, already written, that enable analysis at the push of a 

button and code that has to be adapted; and between software that doesn’t have the 

right kind of data to work and software that’s “just broken”– are of the social categories 

of the lab. 

If the differences between sociological categories and the categories of the lab 

are so great, then why mix them together with categories from science studies– 

categories like “inscriptions”, “synthetic situations”, “multiplicity”, or “material agency”? In 

part, the mixture is helpful because of its communicative qualities. It is useful for me to 

engage with these categories and topics to see how they might be elucidated by the 

workings of the lab. While lab members may not, themselves, speak in these terms it is 
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their interactions, and not just their words, that are my primary focus. These interactions 

may resist verbalization while they are conducted (as was also part of Sormani’s 

experience), but that does not render them unavailable to reflection and analysis. As 

such, to write about the interactions of the lab, in a way, means to verbalize about them. 

Interaction precedes language.

A significant quality of the second-order categories of science studies, then, lies 

in a field-wide desire to put action into words. This impulse has led to a host of rich 

observations and implications, most notably in the recognition of situational agency. It 

was Latour’s semiotic impulses that led to the development of actor-network theory, and 

there is an admirable egalitarianism to the world of signs. This was best said by Trinh, 

when, as part of the narration for her postmodern ethnographic film Reassemblage she 

remarks, “I am looking through a circle in a circle of looks… entering into the only reality 

of signs where I myself am a sign.” (1982) From this perspective, the questions involve 

how signs are produced (that is, how semiosis occurs) and how signs interact. Trinh 

reminds us that ethnographic security, particularly the voyeuristic security that can be 

felt behind a circular camera lens, is illusory. Of course, it is a common ethnographic 

principle to not that when an ethnographer looks at “their” subjects, their subjects look 

back. As some of my experiences in the lab display, lab members did not just look 

back– they actively managed the ethnographer (me).

Some laboratory ethnographers have described participants in their work as 

“compulsory talkers.” (Amann and Knorr Cetina 1989, 7)  Sormani begs to differ, as in 132

his experience lab members often ceased talking as they focused on the world and 

 This is noted by Sormani, as well.132
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work in front of them. This was done to the point of being conversationally inappropriate, 

as people do not tend to produce long silences or interrupt themselves without repair 

(Schegloff, Jefferson, and Sacks 1977; Hoey 2015, 2018). My own experience sits 

somewhere in the middle. Lab members did not necessarily object to my presence,  133

but they did have strategies for managing it. As my exchange with Anton, Olivia, and 

Chati (in chapter 5) illustrates, lab members who were waiting for a process to finish or 

otherwise less occupied with intricate work might intercept me to carry a conversation.

Immediately after Chati’s interception, of course, Anton finished pipetting and we 

went to the stem cell core to wait together. These moments of waiting, of boredom, were 

of prime importance to me as an ethnographer because it was more likely that I could 

carry on a conversation during them. Lab members appear to have realized the same 

thing. In the situation I described with Anton and the tapestation, these moments of 

conversation while waiting fortuitously bled over into his actual work, as he continued to 

attempt (amongst lapses, token placeholders like “um” or “ah”) to gloss his work in reply 

to me. The situation in the stem cell core split and came into overlap with another 

situation, one with prominent interactional dyad encompassing Anton and the 

tapestation. That is not to say that I become entirely uninvolved. Rather, my 

participation was submerged. I still reacted to Anton and re-arranged my bod and 

camera to be able to capture him and the screen that displayed the tape station’s 

output. Likewise, Anton continued to react to my questions and camera movements. But 

there had been a transition from when he was waiting and we were talking to when he 

 Some lab members did object, inasmuch as they did not wish to be included in this study. 133

Per my IRB, I excluded them. This usually was not a permanent ban, but rather resulted in a 
small number of situations in which lab members asked that I avoid recording them.
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was trying to derive practical information from the tapestation’s output. Anton’s 

accountability, his responsiveness, his response-ability had become largely attuned to 

the tapestation, but some remained from the participation framework that my presence 

refused to let drop.

Part of the stakes of Anton’s experiment had to do with the trajectory of his 

samples. For Anton’s experiment, time moved in one, accumulating direction. Anton 

used the tapestation because he could not otherwise know the composition of his 

samples until the next step of the protocol, which would, if undertaken, further alter their 

composition. For genetic sequencing experiments, samples have to be in just the right 

shape to produce good data. If Anton had not used the tapestation at the moment in the 

experiment when he did, he would only have found out that there was an issue with 

their composition later, past the point of no return. His experiment would have produced 

bad (unusable) data, and there would have been no way to alter the samples further to 

change that result. Instead, Anton planned to alter his experiment by running additional 

PCR cycles on certain samples, thereby adjusting the relative proportion of genetic 

fragments to reagents. This hopefully “recovered” his experiment.

By adjusting his sample and his experiment, Anton made himself responsive to 

the machine. This was a reconfiguration. An issue that some thinkers on human/

machine action have taken is the machines are not accountable in the same way as 

humans (see my discussion of Collins and Kusch 1998 in chapter 1). Anton’s situation 

with the tapestation seems to illustrate this in some ways: although Anton could interact 

with the output of the tapestation, he could not meaningfully change it in that moment. 

All he could do was change his trajectory, the trajectory of his experiment, and the 
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trajectory of his samples. The tapestation, though crucial to his experiment and the 

situation, was left largely unaffected. Its output was hardly as significant to it as it was to 

Anton.

But there are situations in which a machine is made responsible for its output. 

This is demonstrated by Claude and Peter’s interaction with their implementation of the 

DESeq2 software package. Claude and Peter are clearly responsive to the software’s 

output, as is made evident by their efforts at its interpretation. The software is also 

responsive to them. As part of Peter and Claude’s efforts, they begin to edit and rewrite 

the software’s code. They attempted to reconfigure it in response to its output.

This was attempted through a co-operative engagement across different bodily, 

material, interactional, and digital resources (C. Goodwin 2018). Their existing 

implementation of the code provided a substrate, an established field for interaction 

(Alač 2011, 2014) not only between the human members of the situation but between 

Claude, Peter, and the software. This allowed for a range of possibilities for 

communication and transformation, as when Claude pointed at a specific line of 

software code and directed Peter to “paste it” (that is, a piece of code that Peter had 

added to his digital clipboard) in place. This was not done just to reorganize the 

software but to alter its operation. And, indeed, the software’s operation did change as 

the result of their efforts– instead of a confusing graphical plot, it returned an error 

message. Where Anton had a conversation with a machine about his samples in which 

he was the only party for which it was consequential, Claude and Peter had a 

conversation with a machine that involved alterations to that very same entity. 
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This discussion may seem to have drifted far from its points of departure in terms 

of action and agency, membership and ethnographic recording, and hybrid 

ethnomethodological studies. Yet these are precisely the topics that are at hand in the 

discussion of these examples. By closely investigating interactions in the lab, we might 

recognize when and how situations organize participants as objects or agents. 

Alongside Mol (2002) we might recognize how flexible, how multiple, those categories 

are, not only between different spaces but at different moments within developing 

situations. This how the titular metaphor of this study derives its importance: the 

laboratory is an ecology for action because situated actions transform themselves, and 

each other, over time within it. This is different than taking the laboratory to be an 

ecology for objects and agents. That would be redundant, as most existing notions of 

ecology take it to be the study of the relations between organisms and their 

environment. The laboratory is certainly an ecology in that sense, as its organisms 

certainly relate to their environment. But the units of this study are not necessarily 

organisms and the environment, construed as so many objects and actors within a 

physical space. That, as Wittgenstein purportedly said of Darwin’s theories, “hasn’t the 

necessary multiplicity.” (Monk 1999, 540-1) Instead, objects and actors are fluid, 

changing into agents as they respond and are made responsive to one another. Agency 

is not a permanently held state, but rather one that changes moment to moment, 

situation by situation.

The WD Lab is, then, a community that is built not only to keep its material 

ecology together, but to support the development of actions and interactions between its 

human, machine, and cellular inhabitants. These interactions are key to the work of the 
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lab and they reconfigure the lab’s inhabitants as they develop. Sometimes a 

bioinformatician in the lab who does quality control work on data can encourage the 

development of a new experimental protocol. Sometimes a tapestation can provide 

information that transforms the trajectory of an ongoing experiment. Sometimes data 

that was purposefully filtered out can be recycled, as long as software code can be 

written and rewritten to use it. 

To arrive at this point, I deployed a range of novel ethnographic and 

ethnomethodological approaches. Many of these were improvisational in the sense that 

I would begin a morning or afternoon in the lab with some questions in mind, some 

members to talk to, or some work to observe. From that point, it was often up to lab 

members to respond to me and for me to respond to them. This led to the phenomena 

that I described in the preceding chapters, phenomena having to do with 

interdisciplinary genomic work as it was discussed by lab members and carried out in 

situ.

I approach the analysis of my ethnographic materials in a similar fashion. While 

they are rife with second order categories and, as such, diverge from the lifeworld of 

most of the lab’s inhabitants, they also engage with and touch on the detailed work and 

phenomena of the lab. No chapter in this dissertation is without detailed explanations of 

biological, biochemical, or bioinformatic phenomena. Providing these explanations 

would have been impossible without the generous tutelage and feedback of lab 

members, who often patiently listened to my attempts at formulating their work. Most 

frequently, they would meet those formulations with a, “that’s almost right, but…” and 

the conversation would spiral outwards from there. As I was often exploring moments 
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that lab members found forgettable, boring, or ultimately insignificant (as in my 

explorations of software packages that the lab ended up simply discarding), lab 

members could be also be thrown off balance when I asked them to remember an old 

scene.

Figure 7-1: A chat (conducted over Google Hangouts) between myself (in dark gray 
bubbles) and Peter (in white, indicated with a “P” icon) about the DESeq2 example. 

Identifying information, including names and dates, have been obscured.
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This was exemplified by a discussion that I had with Peter about a year after I 

recorded him and Claude working together with DESeq2 (Figure 7-1). I was intrigued by 

the recurrence of the “log2 fold change” as well as its usefulness in the lab’s existing 

data analysis pipelines. I was particularly curious about it as it featured in the opening 

and closing exchanges of the situation:

1 35:00 Peter: That was the problem.
2 P swings his right arm to point at computer screen
3 Peter: So this is, this is if you, 
4 38:00 D walks around the partition around the edge of P’s
5 cubicle, increasingly centering P in the frame.
6 Peter: if you’re comparing if you’re 
7 C looks up from his computer, leans towards Peter’s 
8 screen >>
9 Peter: calculating the log2 fold change, of,
10 43:00 the two samples against each other. . .
…
102 3:50:16 Claude: No that doesn’t make sense
103 3:55:23 Claude: (Since) it’s not shrinking it shouldn’t be modifying the 
104 values at all and it’s definitely 
105 4:00:22 Claude: (This is hard) it’s like one read versus, five reads.
106 4:03:26 Claude: °Check the #log fold change#°
107 4:08:02 Claude: One read versus ten reads. Showed a mean of five °
106 (fold change it)°
107       C moves his hand from his face towards 
108 the documentation
109 4:15:00 Peter: Huh.
110 4:16:26 Peter: All of those are significant.
111 4:18:16 Claude: Kh-^kh
112                 C sits back
113 4:19:19 Claude: °It’s just broken.°
114 4:21:06 Peter: °Yeah°
115 4:23:28 Peter: Yeah that’s cause I’m saying that, I-I’m not comparing 
116 really anything

While a lot of the difficulties that Peter and Claude encountered with DESeq2 had 

to do with the way that it was displaying its graphical output, these mathematical issues 
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seemed to be more seriously related to Claude’s statement that “It’s just broken.” (Line 

113) Likewise, Peter initially located the problem of the graphical output as stemming 

from this mathematical transformation of the dataset that they provided as part of their 

input. This is what he initially proposed as the root of their problems to interpret what 

they are seeing from DESeq2. And after a few minutes of reading documentation, re-

arranging and re-writing software code, and repeated attempts to once again coax 

output (rather than error) from that code, Claude arrived at a similar place. There was 

something going on with the “log fold change” that was not working as he expected.

This was striking to me as it seemed as though that expectation was oriented not 

only around software or biological data but mathematics, which, traditionally, carry with 

them a very fixed set of expectations. Software is usually very good at carrying out 

calculations even if it can struggle with its accompanying description and visualization. 

Humans, at least those of the contemporary culture, also have some fairly firm 

expectations when it comes to the regularity of calculation and mathematical 

expression.  However, as exemplified by the situation with DESeq2, it was entirely 134

possible for software to perform a mathematical transformation with unexpected results.

As Peter explained in our chat (a portion of which is reproduced in figure 7-1), he 

and Claude never ended up implementing the DESeq2 software, especially not in the 

data analysis pipeline for eCLIP experiments. Their idea, which helps to explain their 

mutual interest in the graphical display of significant peaks, was that the software could 

help solve an existing problem that they had with their pipeline. The mathematical 

 It is worth revisiting the later chapters of Bloor (1976) on the social history of mathematics 134

for demonstrations of how these expectations might differ. As I explored in the first chapter, 
Verran (2001) also conducted a provocative study of mathematical multiplicity.
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transformation that they were using to get their data to display in a way that was 

comprehensible to them had some unfortunate effects. While taking the log2 of different 

values could make them more readily comparable, it made it difficult to assess statistical 

significance after the fact. This is where the original quantities, prior to the 

transformation, become important. It is also where biological sensemaking needs to 

come together with statistical sensemaking in order to produce meaningful findings from 

a large dataset.

As Peter explained to me, after the mathematical transformation, 10/1 and 

100/10 would look the same. This is useful for some purposes, as when Peter and 

Claude might want to compare ratios rather than quantities. Unfortunately, it is a 

problem when assessing significance. Statistical operations work differently depending 

on the quantities that you input. A probability value (a p-value) has a sample size 

dependance. Part of the trouble facing Peter and Claude when it came to their data 

pipeline, and part of their interest in DESeq2, resulted from this tension. They were 

trying to construct a computational system that would simplify the display of their data, 

with its large size and variance, while still being able to assess significance.

On the biological side, this had to do with enrichment. This refers to a 

biochemical reaction that usually takes place when a protein binds to a gene, that is, a 

sequence of DNA or RNA. When genes are expressed (which usually involves binding 

with a protein), they may undergo chemical changes including methylation.  Often, 135

highly expressed genes are marked by highly enriched, methylated DNA. To assess this 

level of enrichment, the original proportion of enriched sequences to genes matters. 

 In this case, that often refers to the addition of methyl groups to DNA molecules.135
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This is why Peter wrote the original ratios, for example 11/1 or 101/10, mattered. That 

was the biological side to the problem, put in mathematical terms. Further computational 

and interpretive features of the problem, which motivate the implementation of the log2 

fold change, are the other side. Peter and Claude were attempting to navigate multiple 

ways of sensemaking– biological, computational, and interpretive– all at once in the 

situation that I recorded. Bringing these ways of sensemaking together, through multiple 

semiotic modalities, exemplifies the richness and difficulty of bioinformatic work.

This multiplicity is characteristic of synthetic situations (Knorr Cetina 2009). The 

overlap and interactions between different scales and temporalities configures agents of 

different kinds together. As Barad (2007) has argued, these agents are not separate 

from one another, but reconfigure themselves as part of the same phenomena. Thinking 

ethnomethodologically, I contend that these phenomena are constituted situationally. In 

this, the categories of interactionist, feminist, and ethnomethodological thought can 

come together.

This mixture is elucidated and elaborated by close attention to the first order 

categories of biologists and bioinformaticians. This is what is new in these pages, the 

efforts to move back and forth between the interactions of the lab and the social 

analytics of science studies and ethnomethodology. The WD Lab presents a 

perspicuous setting in that it provides the interactions, intra-actions, categories, and 

distinctions that demonstrate the possibilities of such a mixture. As a hybrid, 

interdisciplinary lab, itself, it is better suited for this than previous investigations of high 

energy physics labs, molecular biology labs, or stock trading floors. It is through the 

complete treatment of the interdisciplinary biology lab, from the ways molecular 
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biologists prepare and characterize samples to the ways that bioinformaticians write and 

adapt software code to analyze the resulting data, that synthetic situations can be more 

clearly demonstrated in their overlapping multiplicity. This, in turn, might shift our social 

perspective on the lab– from a community of scientists and their objects to an ecology 

for action. 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Appendix: Transcription and graphical methods

Building on the work of Jefferson, Mondada, Alač, and M. and C. Goodwin, my 

analytic here comprises efforts to textualize and visualize multimodal, ecological action. 

In doing so, I make use of Jefferson’s conventions for conversation analysis, including 

markers for intonation, prosody, speed, and overlapping talk. I also make use of 

Mondada’s markers for multimodal gesture, in which each interlocutor in a 

conversational sequence is provided with a textual symbol. Actions marked with the 

symbol correspond to passages of talk as marked. The duration of actions is similarly 

marked inside of these individual identifiers. The final component of my analytic builds 

upon Alač and M. and C. Goodwin’s use of diagrams inset into talk that illustrate 

multimodal, ecological action in greater detail than can be accomplished with a 

transcript, alone. In future analyses, analysts (myself included) may further consider 

how conventions of graphic/comic art might facilitate our analyses. In chapters 5 and 6 I 

have used some of these conventions, together with conversation analytic transcription, 

to illustrate the situated actions of lab members. More traditionally, throughout chapters 

3, 4, 5, and 6, I have used Jeffersonian (2004) transcription for spoken conversation. 

These include:

.  - Periods correspond to brief pauses in talk. Multiple periods spaced out 
     correspond to an extended pause, roughly one second per period. Periods at 
     the end of an utterance may indicate a slight downwards intonation or 
     micropause.
>   - Indicate a short period of noticeably faster talk.
=   - Indicate latching, or a lack of pause between talk. 
[]  - Indicate overlapping talk.
()  - Indicate talk where I am not certain of the words spoken. In general, this is 
       more likely to occur with quieter talk or overlapping talk.
ˆ   - Indicate a notable rise in speaker’s tone compared to surrounding talk.
˘   - Indicate a noticeable drop in speaker’s tone compared to surrounding talk.
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#  - Indicate “creaky voice”, or vocal fry.
£  - Indicates “laughing voice,” utterances that are produced with laughter
˚   - Indicate noticeably quieter talk.
:    - Indicate elongation. For ex:ample, in the word “example” there would be a 
       noticeable elongation at the moment indicated by the colon.
_   - Underlining indicates noticeable emphasis. This frequently follows an 
     elongated syllable. For ex:ˆample, in the word “example” the talk following the 
    colon would have not only elongation, but a notable emphasis with a higher 
     tone than the talk preceding the colon.

Actions that are timed to coincide with talk or verbal pauses are provided a gloss in 

italics on the line below. The participant doing the action is identified by their initial, in 

bold, at the start of the italicized talk. Additionally, in many cases I include markers for 

the timing of bodily positioning, gesture, and movement. Following Mondada (2014), 

these include:

*--->   The action described continues across subsequent lines
---->* until the same symbol is reached. 
>>       The action described begins before the excerpt’s beginning. 
--->>  The action described continues after the excerpt’s end.

 
..... Action’s preparation. 
---- Action’s apex is reached and maintained. 
,,,,, Action’s retraction.

These indications of timing are particularly important for actions that continue or are 

held across multiple turns of talk. In large settings (such as lab meeting) with dozens of 

participants, I have not transcribed the ongoing actions of each participant. That does 

not mean that those participants were not active. Indeed, many of their actions could be 

considered relevant for participation as an audience or, as I said in the analysis to 

chapter 3, “incipient participants.” This state of incipient participation is even better 

illustrated in chapter 4, in which the discussion ranged around the room and through 

many lab members.
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As an example of how these conventions fit together with Jeffersonian 

transcription, I’ll briefly unpack a short sequence drawn from chapter 3:

95 Claude: ˚sounds like you need˚ 
I > lowers hand    

96          >You want an input . .
L ... turns to Claude ,         

      C grins

In this example, Claude quietly says, “sounds like you need,” and as he does so, 

Imogen lowers her hand. In comparatively louder and more rapid talk, Claude goes on 

to say “you want an input” and then pauses. As he says this (beginning in overlap with 

the word “You”), Luke turns to face Claude as he speaks. This is indicated by the 

accompanying line beginning with “L” following line 96. On that line, Luke’s action is 

described with “…” as he begins to turn. He holds his position while Claude continues to 

speak. Then, Luke turns back to his original, forward facing position as indicated by “,”, 

while Claude completes his utterance. As Claude pauses, after saying “input” on line, he 

grins. In chapter 3, these actions are relevant as they illustrate the participation of all 

three members near the resolution of the substantive and interactional problem at hand: 

namely, Peter’s bioinformatic problem.

While this approach may seem extremely detailed, it sacrifices some precision 

compared to Mondada’s conventions. Nonetheless, I find that doing so strikes a middle 

ground between readability and analytical precision. This balance is particularly 

important because I work with longer examples than most analysts. Most conversation 

analysts work with shorter examples where a reader does not have to keep track of as 

much of a conversation. On the order of conversational moments with only a few turns, 

it is easier to preserve the conversation while exploring the deep details of 

�301



accompanying timing and action. The difference between these approaches and mine 

concerns my mixture of ethnography and conversation analysis. Beyond conversational 

phenomena, my efforts here focus on the active phenomena of the lab as they unfolded. 

Reconciling ethnographic time and conversation analytic time results in a balancing act 

between more diachronic description and detailed analyses by way of demonstration. 

While I hope to have worked towards this balance, it is slippery and responsive both the 

scenic features of the lab and to my own purposes as an ethnographer, participant, and 

analyst. Hence some of the unconventional shifts in the style of my transcript and 

graphics throughout this work.

Some of the more unconventional graphics  in this work correspond to similar 136

conventions in comics/sequential art. In these graphics, the reader is directed to match 

a still frame of ongoing action with talk that is indicated in word bubbles. They are 

usually presented in individual frames that are arranged from left to right as a reader 

moves down the page. Overlapping descriptions of the ongoing action and its 

participants are placed in narration boxes, rather than word bubbles. These spatially 

overlap with the the frame but are not delineated to a specific character within it, as 

word bubbles are. Rather, narration boxes that overlap with a frame provide 

accompanying descriptive text.

 This is to say that my graphics are somewhat unconventional considering the regular 136

practices of sociology. Sequential art is, of course, used regularly in other fields. However, 
while some conversation analysts and ethnomethodologists (as well as some linguists, 
anthropologists, designers, and cognitive scientists) occasionally incorporate diagrams into 
their work, there are few reflections on the graphical practices of our work. While this appendix 
is short, I hope to at least begin a reflection on my own use of images and the conventions of 
graphic and sequential art. In doing so, I hope to aid readers who may struggle to follow the 
actions that I depict in my transcripts and graphics.
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In between each frame is a small amount of blank space, a “gutter,” that invites a 

reader to interpret the panels in sequential order. As McCloud has illustrated, this plays 

on our expectations of sequence (at least, as much as some readers might begin from 

left to write, moving down the page) and closure (1993, 65-66). “Closure,” in McCloud’s 

usage, corresponds with a reader’s ability to flexibly interpret panels as they may hold 

different sequential relations. The gutter is blank and frames on either side of a gutter 

may differ slightly or greatly in their content. The interplay between those elements, as 

well as the intertextual familiarity of a reader with worldly time, space, and action, 

manifests itself in a text that is more or less intelligible. This is similar to methods that 

filmmakers use to condense time or switch perspective: cuts between shots suggest 

movements through space and time without overtly depicting that movement.  While 137

McCloud relies heavily on a more cognitive and symbolic understanding of comics than 

I do, my practical adherence to some comic conventions follows a similar desire to 

collaborate with readers in order to “fill in the blanks” between individual frames. 

For example, we might consider this transcript and graphic from chapter 5:

 The most close relationship between sequential art and filmmaking in this regard is the 137

storyboard. Filmmakers working from a storyboard face the gutter as a practical problem. In 
producing a film, they must transition from the frames of the storyboard to the more fluid 
production of action recorded at a rapidly advancing pace (say, at twenty-four, thirty or sixty 
frames per second). In some ways, I have gone about producing graphics from video as 
making something like a storyboard in reverse.
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47 1:25:27 Sam: =O:oh no.
48 1:26:14 S underlines a segment of the instructions with her marker > >

Figure A-1: An example of sequential graphics accompanying transcript

In this case, the transcript presents some details of the unfolding action, while the 

graphic presents some of those same details (and more) in a different form. Sam’s 

utterance is presented as latching onto talk in the previous turn (with the “=“ sign), as 

she says a somewhat elongated version of “oh” (as depicted with the colon and 

repeated vowel in “O:oh”). This is followed with “no.” In the transcript, this is presented 

as a single line “=O:oh no.” (Line 47) Accompanying this talk is a description of 

corresponding action on line 48. As Sam says “Oh no,” she underlines a segment of the 

instructions with her marker.

The accompanying graphic displays this sequence in a different way and 

includes many further details. Sam’s utterance is broken up over two panels, making 

visible how she moved her pen over the instruction sheet as Olivia removed hers. In the 

third panel, Sam is visibly touching pen to paper as Olivia has further withdrawn from 

the same object. These images depict the distance between and positions of Sam and 
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Olivia’s bodies to one another. In them, I make visible some of the rich materiality of the 

lab bench. But I also selectively emphasize Sam and Olivia’s bodies by erasing much of 

the surrounding scene. As a further way of emphasizing particular features of the scene, 

I frame the images around the locus of Sam and Olivia’s coordinated action: the 

instruction sheet. In this way, the use of sequential art illustrates the coordination of 

bodies, talk, and their ongoing, temporal engagements with the material world in a way 

that is impossible for the sequential arrangement of text. Of course, as Eco (1976) might 

remind us, any text (which Eco considered as a broad and encompassing term) is 

suffused with sequential, collaborative relationships between authors, objects, readers, 

and the world. The transcript and graphic in this example are differ in the ways that, in 

the graphic, lexical text is incorporated with film stills and graphical conventions, 

including word bubbles, narration boxes, gutters, selective erasure, centering, and 

framing. These frames are then placed in sequence in order to render a perspective on 

the action at hand. Many of the graphics in this dissertation make use of these 

conventions.

The main goal in every use of transcript or graphic (however they may cross 

together or incorporate one another) is the elucidation of relevant ecological action. This 

text is incomplete– on this, both ethnomethodologists and semioticians would agree. By 

adhering to certain conventions in transcription and sequential art, however, I hope to 

provide materials that, as Garfinkel wrote , might “serve as aids to a sluggish 138

imagination.” (1967, 38) 

 Garfinkel was, himself, paraphrasing Herbert Spiegelberg.138
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