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ABSTRACT 
We focus on the practices and uses of digital resources by 
scientists collaborating at a distance. Semi-structured 
interviews with 22 scientists involved in distributed 
scientific collaborations provide the empirical basis for this 
study. The dynamic nature of these collaborative situations 
often resulted in the development of a range of adaptive 
design practices for establishing and maintaining digital 
infrastructures from assemblages of available resources. We 
outline the concept of stabilized digital infrastructures in 
contrast to standardized cyber-infrastructures to draw 
attention to better understanding and supporting distributed 
collaborative scientific work practices.  
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INTRODUCTION 
We focus on the uses of digital resources by scientists 
collaborating at a distance.  In doing so we advance the 

concept of stabilization, rather than standardization, as an 
organizing principle for assembling the digital resources 
supporting smaller-scale distributed scientific collaboration. 
We pursue this work because contemporary scientific 
endeavors are increasingly being done by teams of scholars 
from multiple institutions, working at a distance. We 
contribute to advancing CI research by focusing empirical 
attention to the distributed collaborative work of small 
groups of scientists, ranging from three to nine, in order to 
gain greater insight on sub-CI-sized efforts. In this paper, 
we build from our studies of the work practices and uses of 
digital resources by these small groups of scholars 
collaborating at a distance in order to advance empirical 
and theoretical insights into the ways in which 
infrastructural stability – the efforts to ensure that digital 
resources and work practices stay aligned – support science 
practices. In doing this, we contrast stabilization to the 
more well-known, technology-centered concept of 
standardization.  

We are very much aware that scientific collaborations are 
growing in terms of both budget and scope, resulting in 
larger and more distributed teams increasingly reliant on 
digital platforms, typically referred to as cyber-
infrastructure (CI) (Atkins et al., 2003; Foster & 
Kesselman, 2003). There is now a visible body of 
testimonial literature about this (Atkins et al., 2003; Hey & 
Trefethen, 2003; Katz & Martin, 1997); a growing 
collection of empirical literature providing insights into 
movements toward CI-enabled science practice (cf. Ribes & 
Lee, 2010); some literature providing conceptual insight 
into these practices (Jackson, Edwards, Bowker, & Knobel, 
2007; Ribes & Finholt, 2009); and a history of various 
design approaches to designing and building the digital 
platforms supporting computer-enabled science (e.g., 
Borgman, Bowker, Finholt, Arbor, & Wallis, 2009; Jirotka, 
Lee, & Olson, 2013; Lee, Dourish, & Mark, 2006).  
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Set against this, we are motivated by a gap in current 
research interested in improving CI to support science, 
relative to the practices of small groups scientists involved 
in distributed collaborations, and pursue a broad, 
exploration-oriented research question (RQ): How do small 
groups scientists use digital infrastructures to support their 
distributed collaborative scientific practices? In addressing 
this RQ, we focus on learning more about the ways in 
which these smaller groups of scientists use digital tools 
and resources to support their distributed collaborations.  
We know that the standardization of infrastructure within 
larger-scale CI is oriented towards structured research 
practices and routinized data structures to support multi-
disciplinary teams of scientists collecting and working with 
large data sets over extended periods of time (e.g., Ribes & 
Lee, 2010; Baker, Ribes, Millerand, and Bowker (2005))  
We conceptualize scientific work as emerging from enacted 
practices (i.e., the ways in which people do science in 
specific contexts) that are embedded within organizat-ional 
and material structures including digital and material 
resources (Star & Ruhleder, 1994). Seen this way CIs – and 
infrastructure of smaller scales -- are practices: bound up in 
doing, not simply being present. That is, CI are fundament-
ally a sociotechnical arrangement: a combination of 
material and digital resources entwined with the activity of 
doing science (Ribes & Lee, 2010). This practice-based 
perspective focuses attention on the doing of infrastructure 
in science work (what some call “infrastructuring”). As 
such, digital infrastructures emerge out of “information and 
work needs” (Feldman & Orlikowski, 2011; Østerlund & 
Carlile, 2005; Star, 2010).  

These emergent arrangements are the collective product of 
shared forms of practices and demarcate the specific ways 
scientists engage with one another.  In related work, 
Sawyer, Crowston and Wigand (2014) explore the 
computerization of real estate agent’s work practices, 
focusing specifically on the ways real estate agents drew on 
various elements of existing digital infrastructures in ways 
that made sense to them. Sawyer et al. (2014) characterize 
the ways in which realtors perform digitally enabled work 
by:  

“… drawing on many different computing 
elements and software based systems 
selected by individuals that may not be well-
integrated or formally planned…[and] is 
thus ad hoc and only governed to the extent 
that the individual doing the assembling is 
making choices” (p. 51).  

The resulting “infrastructure in use,” while not reaching the 
level of formalization provided by a CI, is functionally 
equivalent to a standardized information system, but retains 
flexibility (Ribes & Polk, 2014) to respond to a community 
member’s evolving work practices and material resources 
(Pollock & Williams, 2010). As shown by the scientists in 
Vertesi (2014)’s study and Sawyer et al.’s real estate 

agents, the doing of infra-structure relies on learning 
practices from peers. This has less to do with learning 
formalized protocols or procedures and more to do with the 
scientists’ learning how to work with and through stabilized 
digital assemblages.  
RESEARCH APPROACH 
We pursued this exploratory research through a 
combination of semi-structured interviews and a 
detailed survey focused on digital tools and practices. 
We asked respondents to (1) describe current 
distributed collaborations; (2) provide specific details 
about one of those projects; (3) describe current work 
practices on that project; and (4) detail the particulars 
of the digital elements (hardware, software, and 
services) used to support distributed collaborations. 
For each section, there were three to five broad 
questions with a number of probes.  
We developed the survey to supplement the interview by 
capturing details of specific tools and patterns of use that 
might have otherwise been lost in narratives recounting 
specific projects, collaborative relationships and challenges 
faced in conducting distributed scientific work. The survey 
included a comprehensive ‘check sheet’ – where we asked 
participants to share information about collaborators as well 
as indicate in some detail specific digital devices, software 
tools and other infrastructural elements that they used. The 
interview protocol and survey were designed so that the 
interviewee could work on the check-sheet while we 
worked through the interview questions. The survey was 
available both on paper and online, with delivery mode 
dependent on the resources available at the time of 
interview and preferences of respondents. 

Relying on several rounds of snowball sampling, we 
conducted interviews with 22 scientists. Interviews took 70 
minutes, on average. Interviewing took place in two phases 
across 12 months (of 14 and then eight interviews) 
separated by several months (of interim analysis). During 
the interview, each scientist shared details about a single 
distributed collaboration in which he or she was involved. 
Reports of collaborative practices provided to us by our 
primary informants gave us insights into the work practices 
of over 170 researchers and project staff (with all but two 
working on teams of between four and seven people). The 
22 interviews represent the experiences of eight men and 14 
women pursuing research in the intellectual communities of 
science and technology studies, information science, 
information systems and CSCW. Seven of the 22 were 
tenure-track faculty, six were tenured faculty at research 
institutions in the US and abroad, and seven were research 
faculty or post-doctoral researchers.  

We recorded and transcribed the interviews, made digital 
copies of the check-sheet to support analyses, and gathered 
particular documents or other project material (such as 
websites) when allowed. Transcripts of the 22 interviews 



were analyzed inductively to identify common themes 
related to particular aspects of (1) work practices of 
collaborative teams, and (2) uses of digital tools and 
infrastructure. Two members of the research team coded 
each of interviews and then worked through several 
iterations of a standardized coding scheme with the entire 
research team to clarify emergent themes, resolve 
differences, better articulate formative codes, and add new 
concepts to the analytic scheme. Typical of exploratory 
approaches to data analysis (Glaser & Strauss, 1967), 
consensus was valued more highly than inter-rater 
reliability. In the next section, we discuss findings related to 
patterns or common, shared, practices.  

FINDINGS 
As readers might expect, most participants reported having 
and using both laptops and desktops, tablets, and smart 
phones in support of their work. They used these devices at 
home, at various places at work, in public spaces, and in 
between. Several had print servers and back-up system at 
home, creating capacity and redundancy relative to their 
robust office computing arrangements provided by the 
University or lab. Respondents indicated that they routinely 
used both personal and employer-provided devices 
together. Perhaps unsurprisingly, while many of our 
respondents were active in social media, they reported that 
email was still the common denominator, omnipresent in 
their lives and accessed across multiple devices. One 
respondent noted: “A lot of people still email things around 
even though there’s a DropBox”.  

These digital resources were used every day, often multiple 
times. In describing their uses of devices, most respondents 
found it challenging to separate activities directly related to 
the specific collaborative project being described, similar 
activities being performed for different projects, and 
personal use. This noted, only some of these uses pertain 
directly to their distributed science collaborations. 
However, email about student grading, service assignments 
and data analysis arrive to the same device. What this 
means is that scientific practices and access to digital 
scientific resources were embedded into the larger sphere of 
their daily life and both science and non-science happened 
across the same set of digital and material resources, mixed 
together across time.  

None of the 22 respondents reported a distinct lab space as 
the site of their research. While most had one or two 
preferred places to work (their office at home or a favorite 
coffee bar), in practice their research happens at different 
times in their personal schedules and across many physical 
places, even in public spaces like airports as they travel.  

Respondents identified 60 distinct software applications and 
platforms being used across the 22 collaborations. 
Respondents reported using standard commercial software 
and hardware such as Microsoft (MS) Office applications, 
standard browsers such as Firefox or Safari (but rarely 
Internet Explorer…), and open source programs such as R, 

typically running on Microsoft or Apple computers. We 
note that all of these are either commercial products or 
open-sourced: none are purpose-built CI components. The 
teams and collaborators who provided us data relied on 
commercial and community offerings, a ‘commodified’ 
approach to technology development that relies on 
standards and competition (Sawyer, 2000). This means that 
team members can choose to use different word processing 
software and exchange files, or to experiment with 
particular cloud-storage providers, or move from SPSS to 
R, knowing that these are more or less compatible, more 
commodities than specialized. 

To wit, 19 respondents used Gmail; 21 also used a second 
email address and/or client (such as Thunderbird, Outlook 
or Apple Mail). None used more than two email clients. All 
but one respondent used MS Word. Fifteen reported using 
some form of reference management software (e.g., 
Endnote, Zotero, and Mendeley). This noted, no one 
reference management software application had a majority 
of use. All respondents reported using one or more cloud-
based repository such as DropBox, Google Drive or Box 
(formerly Box.Net) to store and share project documents. 
No respondent relied on his or her institution’s learning 
management system or other private infrastructure to serve 
this function. Skype served primarily as a vehicle for 
project meetings during which updates, to-do’s and plans 
were discussed.  

Seven respondents used some type of qualitative or quant-
itative analysis software, although only rarely or as needed - 
and not in collaborative contexts. This is in contrast to 
narratives of collaborative qualitative analysis shared in 
interviews, which typically did not involve coding, but were 
most often focused on achieving consensus and ensuring 
reliability of analyses. A few of the 22 interviewees 
mentioned doing collaborative data collection or analysis, 
but this was the exception and rarely done.  

Discussion 
Through this research we come to recognize that 
customized assemblages of standardized tools create a 
stabilized (but not static) infrastructure that enables 
collaborative teams to maintain flexibility in their work 
practices throughout the evolution of their research project.  
This shift of focus from standardization to stabilization in 
the context of collaborative activities has implications for 
how we think about infrastructure design to support 
scientific work.  

These observations echo findings from other empirical 
studies of CI use and distributed scientific collaboration 
(Fry, 2006; Lin, Procter, Halfpenny, Voss, & Baird, 2007; 
e.g., Ribes & Lee, 2010). The scientists in our study 
described their efforts to assemble, rather than standardize, 
their digital infrastructures to accommodate their 
heterogeneous – and often idiosyncratic – preferred work 
and social practices. Teams relied on commodified software 
and commercial digital networks and storage providers, 



working digital infrastructures, relatively short time 
horizons, and stronger commitments to relationships and 
practices over specific hardware or software. These 
collections of commodity technologies point to stable, but 
ad hoc, sets of arrangements, more reflective of the digital 
assemblages of real estate agents discussed earlier (Sawyer 
et al., 2014) than of CI. These bundles of ICT are not an 
information system in the classic sense: there is no 
centralized governance; no defined requirements. Rather, 
functional equivalence driven more by the similarity across 
these respondents’ work roles and practices than by any a 
priori design (Sawyer et al., 2014).  

What this suggests is that these digital arrangements, these 
emergent infrastructures, are simply waiting to be used: 
they are actively being created and maintained by the 
people who do the scholarly work.  The goals for these 
infrastructures are not for the long-term. The goal is not to 
create stable, standardized practices and tools because it 
does not agree with distributed practices of scientists that 
are always on the go, relying on connectivity at different 
rates of speed, constrained by a device (iPad, computer, or 
smart phone), or that have schedules that rapidly. How an 
infrastructure is organized organizes the scholarly work- in 
this case these scientists keep flexibility in mind at all times 
to accommodate change.  

Vertesi (2014) articulated how scientists bridge the seams 
that appear between infrastructures. Our work shows that 
the act of creating these assemblages – and then keeping 
them going – is doing “infrastructuring.” As much of 
certain types of sciences need stable practices and tools to 
create standardized ways of doing science, the scientists we 
interviewed had a penchant towards being more flexible.  
And, many of them were working together in close knit 
collaborations, often with colleagues whom they knew well. 
It is unclear to us if less closely-knit groups of scientists 
could achieve the practiced work of constant digital 
assemblage stabilizing. 

CONCLUSION 
Given these observations, we argue that the practice of 
managing the confluence of infrastructures and 
collaborative practices that we see in the work of 
distributed scientists whom we studied are more closely 
associated with technological stabilization (Pinch & Bijker, 
1987) than standardization. In discussing mechanisms of 
technology development, Pinch and Bijker challenge the 
idea that technologies develop as a result of a 
predetermined march towards standardization. In Pinch and 
Bijker’s conceptualization of stabilization, new 
technologies undergo a period of interpretive flexibility 
marked by multiple options and incarnations followed by a 
phase of social integration that results in a convergence 
around a particular (physical) arrangement.  

We recognize this concept in this description the 
assemblages of the scientists in our study; different 
components of a digital infrastructure are gathered in 

response to specific problems being faced by a team at a 
given time in their research and collaborative process 
(absent, however, a physical artifact that showcases 
stabilization).  When Pinch and Bijker talk about the 
process of technological stabilization as being completed 
once and done, we observe the teams in our study returning 
to this process repeatedly during the course of a project’s 
lifetime, re-interpreting or re-negotiating the specifics of 
their infrastructure assemblage in response to changes in 
research practices, personnel and/or resources. In this sense, 
the stabilizing practices of the scientists in our study evoke 
Vertesi’s (2014) “seamful spaces.”  

In practice, we find that scientists are continually assessing 
and responding to changing infrastructural needs at 
technoscientific, sociotechnical, and institutional levels, 
three dimensions of change recently described by Ribes and 
Polk (2014). Moreover, our idea of stabilizing reflects what 
both Procter et al., (2010) and Williams et al., (2005) found.  
Procter et al. describes the uptake of web 2.0 technologies 
as a phase of social learning. This process involves 
“protracted negotiations and discovery processes.’ where it 
might be better to encourage experimentation and social 
learning but focusing less on closing the gap between 
current tools and practices Willams et al., (2005). This 
seems to be what is needed for small groups of distributed 
scientific collaborators. 
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