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Abstract

Supporting Multi-institutional Interdisciplinary
Biomedical Collaboration (MIBC):
A Biomedical Informatics Approach

Eunjung Sally Lee

Chair of the Supervisory Committee:
Professor Peter Tarczy-Hornoch
Department of Medical Education and Biomedical Health Informatics

The modern biomedical research community is facing ever more challenging
research questions. Out of necessity, biomedical research has become increasingly
interdisciplinary and large-scale in nature. Yet large-scale interdisciplinary biomedical
collaborations are not easily established or maintained. Many funding agencies
identify biomedical informatics as an important foundation to support biomedical
collaboration to alleviate some of the challenges large-scale interdisciplinary
collaborations face. However, biomedical informatics has yet to understand in detail
how large-scale interdisciplinary biomedical collaborations operate and deal with day-
to-day challenges associated with collaboration.

This research used contextual field study to describe the characteristics of large-
scale interdisciplinary biomedical collaboration in-depth and to identify barriers,

existing facilitators, and needs associated with various collaborative processes. The



study result was synthesized to develop a context-specific informatics framework to
support large-scale interdisciplinary biomedical collaboration that extends prior
research of collaboration in other fields. In the future, the framework can be used as a

guide for design and evaluation of collaborative infrastructure.
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Chapter 1: Multi-institutional Interdisciplinary Biomedical
Research

1.1 Need for Multi-institutional Interdisciplinary Biomedical Research

The modern biomedical research community is facing ever more challenging
research questions. The complexity of today’s research problems has led to a
realization that a single lab or discipline often can no longer provide all the necessary
expertise and resources to solve these questions (Hara 2003). Out of necessity,
biomedical research has become increasingly interdisciplinary and collaborative in
nature (Schur 1998; Horwitz 2002; Hara 2003; Sonnenwald 2004; Cummings 2005;
NIH). The importance of the collaborative and interdisciplinary nature of biomedical
research has already been recognized by many funding agencies (NCRR; NIH). For
example, the Data and Collaboratories in the Biomedical Research Community
meeting in 2002 supported by the NCR discussed a new round of investment
specifically into biomedical research collaboration (NCRR). In its roadmap for modern
biomedical research in the 21 century, the National Institute of Health (NIH) also
stressed the need for interdisciplinary collaboration. NIH states that “the study of
human biology and behavior is a wonderfully dynamic process, and the traditional
divisions within health research may in some instances impede the pace of scientific
discovery” (NIH interdisc). To lower the barrier of division within health research,
NIH initiatives established a series of awards to enable interdisciplinary research, from
training scientists for interdisciplinary research to creating centers to forge new
interdisciplinary collaborations (NIH interdisc). NIH defines interdisciplinary research
as one that “integrates the analytical strengths of two or more often disparate scientific
disciplines” and one that “broadens the scope of investigation into biomedical
problems, yields fresh and possibly unexpected insights” (NIH interdisc). According to

the NIH, collaboration among disciplines will “open up new avenues of scientific



inquiry and in the process, be able to tackle increasingly complex questions” (NIH
roadmap).

As necessary and valuable as it is, research shows that interdisciplinary
scientific collaborations, which are most often multi-institutional, are not easily
established or maintained for several reasons. First, the researchers involved have a
wide range of expertise and come from multiple disciplines with different cultures and
social norms; therefore, these researchers have very little common ground to draw
upon to effectively interact and communicate (Hara 2003). Second, biomedical
research in particular is highly competitive (Hagstrom 1974). Many researchers
involved are unwilling to share with and trust each other in fear of having their
research stolen (Campbell 2002; Olson 2002; Birnholtz 2005). Third, many scientists
are reluctant to trust tools they are not familiar with, which often results in lack of
adoption of core technologies (O'Day 2001). Fourth, interdisciplinary biomedical
researchers often lack proximity with their collaborators. Physical proximity is known
to be important to scientific collaboration due to the necessity of informal
communications in fostering a collaborative environment (Kraut 1998; Herbsleb 2000;
O'Day 2001). Fifth, due to disparate locations, disciplines, and lack of adoption, there
is a general lack of a common infrastructure connecting all disparate systems and

workflows (CSIEDG; NHII; Lee 2008 (in Press)).

1.2 Motivation

Biomedical informatics has been increasingly recognized as an important part
of foundation to support biomedical research to alleviate some of the difficulties of
multi-institutional interdisciplinary research. In its roadmap and RFA (CTSA RFA;
NIH roadmap), NIH proposes biomedical informatics as the key to enabling and
facilitating new interdisciplinary multi-institutional biomedical collaboration. The
National Meeting on Enhancing the Discipline of Clinical and Translational Sciences

(NMEDCTS) identified biomedical informatics as “an essential part of the new clinical



and translational effort, which places a strong emphasis on multidisciplinary
collaborations.” In the summary, biomedical informatics is also noted for “its role in
bridging disciplines” and for being “integrative, facilitating communication across
disciplines and analysis of data from disparate sources.” The RFA (CTSA RFA) that
subsequently followed this meeting, the Institutional Clinical and Translational Science
Award (CTSA), calls for the establishment of the institutes of clinical and translational
research (ICTRs). An ICTR is “a central unit whose exclusive purpose is to address all
the issues and identify all the resources needed to conduct clinical and translational
research”. The CTSA RFA recognizes the importance of biomedical informatics by
stating that it is “the cornerstone” of an ICTR (CTSA RFA; Lee 2008 (in Press)).

Although biomedical informatics must serve as an important support structure
for multi-institutional interdisciplinary biomedical collaboration (MIBC), lack of prior
research makes such endeavor difficult to accomplish. This research seeks to take the
first step toward addressing the gap in the research of MIBC in the field of biomedical
informatics. It does so by asking the following broad research question: “How can
biomedical informatics best support current multi-institutional interdisciplinary
biomedical collaboration?” and by focusing on following three gaps.
Gap 1:

Lack of cross fertilization between biomedical informatics and collaboration

research in other fields

Not much literature of research on collaboration exists within the field of
biomedical informatics. There is however, a large body of literature in fields such as
computer supported cooperative work (CSCW) and information science (IS) on
fostering collaboration (Olson 1996; Finholt 1997; Katz 1997, Casper 1998; Melin
2000; Schleyer 2001; Chin 2002; Finholt 2002; Addis 2003; Foster 2003; Jeffrey 2003;
Fisher 2004; Halkola 2004; Myers 2004; Baker 2004a; Baker 2005; Lee 2006). Many
social and technical factors that facilitate collaboration emerged from these prior

studies (Finholt 2003). These studies can contribute to biomedical informatics valuable



general concepts surrounding collaboration that are useful in supporting MIBC.
Nevertheless, there has been very little cross fertilization of research between
biomedical informatics and other fields that have traditionally studied collaboration.
Gap 2:

Lack of context-specific studies to characterize multi-institutional

interdisciplinary biomedical collaboration
Gap 3:

Lack of context-specific theoretical framework to support Multi-institutional
Interdisciplinary Biomedical Collaborations

Even if much can be learned from existing research, the prior studies of
collaboration in other fields are not context specific to biomedical research
collaborations. All the resulting theories and methodologies from these studies can
support MIBC:s in a general sense; however, there are factors specific to MIBCs that
are beyond the scope of prior collaborative research. Only an in-depth study MIBC will
be able to systematically identify the context-specific social and technical aspects of
MIBC. Yet to date, only few small studies of MIBCs exist; as a consequence, no

theoretical framework to support MIBCs exists.

1.3 Research Aims
This study will pursue following four aims to address three gaps mentioned in
Section 1.2:
e Aim 1: Identify general collaborative concepts in related fields that biomedical
informatics can utilize (to address Gap 1)
e Aim 2: Describe characteristics of multi-institutional interdisciplinary
biomedical collaboration (to address Gap 2)
e Aim 3: Identify which characteristics (identified in Aim 2) biomedical
informatics can support and describe associated barriers, existing facilitators,

and needs (to address Gap 2)



e Aim 4: Develop a context-specific framework to support multi-institutional
interdisciplinary biomedical collaboration (to address Gap3)
This research takes a first step at studying and identifying unique characteristics of
Multi-institutional Interdisciplinary Biomedical Collaboration and developing a
context-specific framework of MIBC that builds on and extends previous collaborative

research in related fields.

1.4 Research Approach

Two approaches were used to conduct this study to address the four research
aims above: a) the construction of a preliminary framework based on synthesizing
findings in existing literature and b) a qualitative field study. To address Aim 1, a
preliminary framework of biomedical collaboration was constructed based on a
systematic analysis of existing literature. Chapter 3 describes the preliminary
framework of MIBC that was constructed from the collaborative concepts researched
in other fields that are applicable to biomedical collaboration. To address Aim 2 and
Aim 3, a qualitative field study of two MIBCs was conducted with the preliminary
framework of MIBC as its theoretical basis. Chapter 4 describes the theories and
methods (interviews, observations, and document examinations) used in the qualitative
contextual field study. The field study revealed the general characteristics of MIBCs,
which are described in Chapter 5. Further analysis of the characteristics revealed
associated barriers, facilitators, and needs that biomedical informatics research needs to
focus on (see Chapter 6). The results of field study aided the development of the
context-specific framework to support MIBC (see Chapter 7).

1.5 Contributions
The modern biomedical field, faced with complex research questions, is facing
the challenges of multi-institutional interdisciplinary collaboration. Biomedical

informatics is recognized as a foundation to address these challenges, and the



biomedical informatics community faces the difficult question of how best to support
such collaboration. This study makes several contributions to address the question of
how biomedical informatics can support multi-institutional interdisciplinary biomedical
collaboration.

o Use of qualitative methods in studying collaborative biomedical settings:
Although qualitative methods (described in Chapter 4) have been used in
biomedical settings in general, they have never been used to study and
characterize complex biomedical collaboration. This study indicates that the use
of qualitative methods is a practical approach to characterize (see Chapter 5 and
Chapter 6) and develop a context-specific framework of a complex setting (see
Chapter 7, Section 1).

e Extension and verification of the existing Theory of Remote Collaboration
(TORC):

The preliminary framework developed to address Aim 1 described in Chapter 3
extends the Theory of Remote Collaboration in the context of biomedical
setting based on a synthesis of published literature. The preliminary framework
was refined and verified through the contextual field study (see Section 7.1.1,
Figure 7.1, and Table 7.1), and in turn, some of the concepts in TORC were
also verified (see Table 7.2, Table 7.3). The contextual study also revealed
some concepts that were not part of TORC. These are the extensions to the
TORC that are context-specific to the biomedical field.

o Characterization of multi-institutional interdisciplinary biomedical
collaboration (MIBC):

To date, very little is known about multi-institutional interdisciplinary
biomedical collaboration. To better support MIBC, this research identifies
characteristics of MIBCs through a contextual field study (see Chapter 4 for
methods). Chapter 5 describes these characteristics in detail and Chapter 6
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delves further into a subset of characteristics with associated facilitators barriers,
and needs.

e The Framework for Multi-institutional Interdisciplinary Biomedical
Collaboration (fMIBC):
Although general collaborative frameworks such as TORC exist, no biomedical
context-specific framework exists to support MIBCs. Through a qualitative
contextual study, this research was used to develop the framework for multi-
institutional interdisciplinary biomedical collaboration (fMIBC). The study is
described in Chapter 4 and its results are described in Chapters 5 and 6. The
fMIBC points out factors essential to collaborations. They are composed of
social and socio-technical issues, and core collaborative activities and processes.

Chapter 7 shows a sample evaluation checklists for MIBC developed using
fMIBC.

1.6 Dissertation Overview

Chapter 2: Biomedical Collaborations and Collaboratories

This chapter introduces research conducted in other fields related to
collaboratories and collaboration. Although not context specific, existing research on
collaboration can inform biomedical informatics on some of the general issues

associated with large scale remote collaboration.

Chapter 3: Development of a Preliminary Framework (Aiml)

This chapter discusses the preliminary framework developed through a
systematic synthesis of the existing body of literature. Unlike existing generic theories,
the preliminary framework is a context-specific framework. The field study described

in Chapter 4 has its theoretical base in the preliminary framework.



Chapter 4: Theory and Method to Study Biomedical Collaboration
This chapter describes the theories and methods used to conduct this research.
After introducing the theories and methods, actual steps taken to carry out the

contextual field study are described.

Chapter 5: Characteristics of Biomedical Research Collaborations (Aim 2)

This chapter describes the fundamental characteristics of MIBCs that emerged
from the contextual field study. Two MIBCs under study and their members, as well as
the similarities and differences between the two sites are introduced. MIBCs are
portrayed by introducing the core activities and processes that are associated with

collaboration as well as social and technical issues that influence collaboration.

Chapter 6: Opportunities for Biomedical Informatics in Collaborative Barriers,
Facilitators, and Needs (Aim 3)

This chapter delves deeper into the core activities and processes described in
Chapter 5. Each of the core activities and processes are broken into facilitators, barriers,
and needs. The facilitators are factors and processes that current participants consider
to work well and aid in collaborative efforts. The barriers are factors that hinder
collaboration from working smoothly or from forming. The needs are factors that those
involved in collaboration thought could help with the barriers they face during

collaborative research.

Chapter 7: Contribution, Future Work, and Conclusion (Aim 4)
This chapter describes the contributions of the study including fMIBC, as well

as limitations and future work.



Chapter 2: Biomedical Collaborations and Collaboratories

Biomedical research has become more interdisciplinary and collaborative in
nature due to increasingly complex research questions that are difficult to address by
one researcher or even a single team of researchers. Large interdisciplinary
collaborations spanning multiple institutions are also becoming a norm in the
biomedical field due to the recent push for such collaboration from funding agencies
such as the NIH (CTSA RFA; NIH roadmap). According to the NIH roadmap as
outlined in the Clinical and Translational Science Award call for proposals, the
biomedical informatics community is to play a key role in enabling and facilitating
such collaborations. Yet virtually no prior studies of multi-site biomedical
collaborations exist within the biomedical informatics field. Although biomedical
informatics community have almost no prior knowledge of what biomedical
collaboratories are and how they function, large scale collaborations have existed in
other fields and have been studied by researchers in fields such as Computer Supported
Cooperative Work (CSCW) and Information Science (IS) (Finholt 2003).

In the CSCW and IS the term “collaboratory” is used to describe large scale
remote collaborations. Although biomedical collaboration faces unique challenges and
existing studies of collaboratories are not specifically applicable to the biomedical field,
they can provide an insight into how biomedical informatics can support current multi-
institutional interdisciplinary biomedical collaboration (MIBC). In this chapter, the
history of collaboratory development is introduced in Section 2.1. Then, Sections 2.2
and 2.3 review collaboratory theories and design methodologies. The chapter then

concludes with Section 2.4 that describes some of the gaps in collaboratory research.

2.1 Collaboratory Development

The collaboratory concept started with the concept of remote collaboration

defined by William Wulf in 1989. Essentially, a collaboratory refers to a “center
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without walls, in which the nation’s researchers can perform their research without
regard to physical location, interacting with colleagues, accessing instrumentation,
sharing data and computational resources, and accessing information in digital
libraries” (Kouzes 1996, Finholt 2003). Collaboratories were formed in various fields
such as physics, engineering and natural sciences and have been heavily researched in
the fields of CSCW and IS (Bly 1997; Finholt 1997; Katz 1997; Casper 1998; Baker
2000; Melin 2000; Schleyer 2001; Sonnenwald 2001; Teasley 2001; Arnstein 2002;
Arnstein 2002; Bafoutsou 2002; Chin 2002; Finholt 2002; Olson 2002; Addis 2003;
Ash 2003; Foster 2003; Jeffrey 2003; Sonnenwald 2003a; Baker 2004; Fisher 2004;
Halkola 2004; Myers 2004; Baker 2004a; Wagner 2005). Initially, collaboratory
research spent most of its efforts on building tools support remote collaboration and
remote access to common instrumentation. Then as collaborator development matured,
the focus of collaboratory research moved from tool development to supporting both
social and technical processes of scientific research. Sections 2.1.1 to 2.1.3 describe

various collaboratories and their development to date.

2.1.1 Earlier Collaboratories: Focusing on Technology Development

When the concept of remote collaboration was in 1989, the technical
infrastructure to support such collaboration did not yet exist. Therefore, the early
collaboratories, were tool-centric, they focused on developing specific functional parts
of collaborator system such as tools for communication and shared access to
instrumentation systems to support remote collaboration. One of the earliest examples
of a collaboratory is a biological research collaboratory — the Worm Community
System (WCS) (Figure 2.1). The WCS started in 1990 as a customized piece of
software for few biologists studying c. elegans (a tiny sea worm) at a single location,
but soon geographically dispersed researchers began to use it to collaborate together.
The WCS developed into a distributed web system with the capability to enable

informal and formal communication and data access across geographically dispersed
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sites. The tools available in the software include graphics of the organism’s physical
structure, a genetic map, formal and informal research annotations, directories, a
thesaurus, and a database of research findings on c. elegans. (WCS; Star 1994). In
1994, Star and Ruhleder conducted observations aﬁd interviews to describe the use of
WCS (Star 1994; Finholt 2003).
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The Worm Community System interface
(http://www.canis.uiuc.edu/projects/wcs/national_collaboratories.html)
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Another tool-centric collaboratory in the biological research domain was the
Biological Collaborative Research Environment (BioCoRE) (BioCoRE; Bhandarkar
1999) (Figure 2.2). The BioCoRE was developed in 1998 by the University of Illinois
at Urbana-Champaign as a web-based collection of collaborative tools for structural
biologists. The BioCoRE provides a suite of collaborative visualization programs, web-
based forms and interfaces for submitting and monitoring networked supercomputing
jobs, electronic notebooks for collecting data and notes, asynchronous and real-time
communication tools for discussions, and collaborative writing tools for generating
reports and publications (Bhandarkar 1999; Chin 2004). BioCoRE conducted an

ongoing simple multiple choice user satisfaction survey from 2002-2005 (BioCoRE).
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Figure 2.2
The BioCoRE interface (http://biocore.ks.ujuc.edu/biocore/docs/controlpanel.html).

a) Control Panel: Informs user of the latest occurrences in BioCoRE projects and gives an easy way to
communicate and to navigate. b) Project Menu: Contains a list of shortcuts to the various BioCoRE
applications. ¢) Message Line: At the bottom of the Control Panel is a message line. The text typed in
this box will be sent to others in the same BioCoRE project. They will be notified of the message and
can then read and respond to it.
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The collaboratories that focused on access to a common instrumentation system
developed various tools to enable remote manipulation of a scientific instrument. For
example, the goal of the Upper Atmospheric Research Collaboratory (UARC) (Figure
2.3) was to give access to instruments at a NSF funded observatory located above the
Arctic Circle on the west coast of Greenland. The UARC was formed in 1993 for a
distributed community of physicists and provided real-time control of remote
instruments used to study space physics and other upper atmospheric events. It also
allowed communication among geographically distributed colleagues, shared access to
real-time data, and access to archived data (CTSA RFA; Olson 1998; Finholt 2003).
Olson et al describe in detail user experience with UARC system (Olson 1998).
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The Upper Atmospheric Research Collaboratory interface
(http://portal.acm.org/citation.cfm?id=275276&coll=portal &d1=ACM&CFID=18180356& CFTOKEN=1

4805760)

is the Environmental Molecular Sciences Laboratory Collaboratory (EMSL) at the
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Another example of a collaboratory created to provide an access to instruments

Pacific Northwest National Laboratory (Figure 2.4). The EMSL was developed in 1995

to provide access to a collection of instruments and expertise for environmental

molecular science researchers. The EMSL facility consists of data resources, magnetic

resonance instruments, mass spectrometers, and applications to support remote

operation of this hardware, as well as an electronic laboratory notebook. In addition,
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EMSL users have access to a set of generic collaboration tools such as whiteboards,
chat rooms, audio and video conferencing, and application sharing (EMSL; Kouzes
1996; Schur 1998; Finholt 2003). Schur et al. conducted interviews with scientists prior
to development of EMSL and observed its use afterwards (Schur 1998).

herson bt e

Figure 2.4
The Environmental Molecular Sciences Laboratory interface
(http://collaboratory.emsl.pnl.gov/software/eln/)

2.1.2 Later Collaboratories: Focusing on More Complex Research

As the technology matured, the focus of collaboratories gradually began to shift
from developing technologies to support remote collaboration within a single field to
supporting interdisciplinary research. For example, the nanoManipulator collaboratory
developed in 1995 is one of the first collaboratories to facilitate interdisciplinary
collaborative research of physicists, chemists, and gene therapy researchers (Figure
2.5). The nanoManipulator collaboratory is a virtual laboratory for geographically-
distributed. In this virtual laboratory, scientists can access nanoManipulator, an

instrument that allows them to remotely investigate physical samples through an
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atomic force microscope. The NanoManipulator collaboratory also incorporates
visualization and haptic technology, which allows scientists to see, feel, and modify

biological samples being studied (Sonnenwald 2001).

Figure 2.5
The nanoManipulator interface
(http://www.cs.unc.edu/Research/nano/cismm/ui/index.html)

The Biological Sciences Collaboratory (BSC) is another biological research
collaboratory that differ from earlier collaboration efforts in that it focuses much more
importance on sharing data (Figure 2.6). The BSC, created in 2004, recognized that

scientific collaboration focuses heavily on the sharing and joint analysis of scientific
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data (BSC; Chin 2004). For that reason, the BSC enables the sharing of biological data
and analyses through metadata, electronic notebooks, data organization views, data
provenance tracking, analysis notes, task management, and scientific workflow
management (Chin 2004). The recognition of the importance of metadata and data
provenance tracking is especially important to the data-centric approaches and had not

been formally recognized by previous tool-centric collaboratories.
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Figure 2.6

The Biological Sciences Collaboratory interface showing integrated set of tools: data, applications, and
communications

(http://portal.acm.org/citation.cfm?id=1031677)
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2.1.3 Modern Collaboratories: Focusing on Multi-institutional
Collaborations

Following earlier smaller scale remote collaborations came several large multi-
institutional collaborations such as the Biomedical Informatics Research Network
(BIRN) and the cancer Biomedical Informatics Grid (caBIG). Both of these remote
collaborations are based on a flexible network or grid-like technology (Foster 2002;
Cao 2003; Foster 2003). The BIRN is a virtual community that provides shared
resources for the diagnosis and treatment of disease and enables communication and
collaboration among investigators (BIRN) (Figure 2.7). The caBIG is a grid connecting
individuals and institutions to enable the sharing of data and tools (caBIG) (Figure 2.8).
Recently, Lee et al. conducted an ethnographic study of BIRN to understand “human

infrastructure”, human and organizational properties of collaboration (Lee 2006).
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Figure 2.7
The Biomedical Informatics Research Network, a multi-institutional interdisciplinary collaboration
(http://www.nbimn.net/tools/index.shtm)
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Figure 2.8
The caBIG, cancer Biomedical Informatics Grid
http://www.nature.com/nrc/journal/v4/n10/fig_tab/nrc1458_ F2 . html

As initial multi-institutional biomedical collaborations began to mature, the
future vision of collaborative biomedical research became multi-institutional centers
that facilitate large-scale interdisciplinary research. More recently, with the NIH
roadmap stressing the importance of interdisciplinary research, collaborative
biomedical research became a nationally driven endeavor (NIH roadmap). A prime
example of such an interdisciplinary collaboration initiative is the Institutional Clinical
and Translational Science Award (CTSA) (CTSA RFA). The CTSA calls for
establishment of the Institutes of Clinical and Translational Research (ICTRs), “a
central unit whose exclusive purpose is to address all the issues and identify all the
resources needed to conduct clinical and translational research”. According to CTSA
RFA, Biomedical Informatics is seen as “the cornerstone of communication within
centers/departments/institutions and with all collaborating organizations (CTSA RFA).

Other collaborative centers such as ICTRs are expected to be seen more in the future.
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The term “collaboratory” formerly described simple collaborations within a
similar field of study that focused on the use of technology to access remote
instruments or data. This term is no longer widely used in a same sense. Instead, the
concept of collaboratories has evolved and expanded to describe large collaborations
and consortiums spanning multiple institutions, covering multiple domains of science,
and leveraging various collaboratory technologies. The collaboratories are now called

by other names such as consortium, eScience, Grid, center, core and network.

2.2 Theories Related to Collaboratory Research

Not only have collaboratories and the research they support become more
complex, but the nature of research on collaboratories has also changed. Initial research
on collaboratory focused on developing and improving technology to enable simple
remote-collaboration; however, as collaboratory technologies matured, the focus of
research on collaboratories shifted toward trying to understand to better support the
process of remote, technology-supported scientific research that happens in
collaboratories. Many of the later studies of collaboratories were guided by theoretical

principles, which will be introduced in this section.

2.2.1 Diversified Approach to Collaboratory Theories

Currently there is no all-encompassing theoretical framework that describes
collaboratories to help informatics to better support collaboratories. This lack of
theoretical framework is due to the complex socio-technical nature of collaboratories
which does not align well with one general theory or a one solution fits all approach.
That is why most collaboratories have been one-off affairs, custom designed and
implemented to meet specific needs (Winograd 1994; Finholt 2003). Although
customized developments for specific needs have better chance of being adopted, the
costs of one-offs are high. That is why collaboratory research has sought to find

general principles behind collaboratory infrastructure, but not by trying to find an
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overarching framework, but by breaking down the research into different disciplinary
pieces. The reason for this multi-disciplinary piece approach to a common
collaboratory framework is simple. There is no single discipline that could address all
the socio-technical questions collaboratory research has to face.
Thus far, collaboratory research has addressed several different pieces of
collaboratory framework. Some of these pieces include:
e Sharing: What are the social issues associated with sharing in a competitive
environment? (Birnholtz 2003)
e Communication: What technologies are needed for remote communication?
How do those in collaboration interact with each other? (Kraut 1998; Chin
2004)
e Coordination: How do those involved in collaboration coordinate their
activities? (Hoffelner; Cummings 2005)
e Infrastructure: What are some of the technologies needed for remote
collaboration? (Olson 2005)
e Organizational: What are some of the organizational and institutional effects

collaboration faces? (Olson 2005)

2.2.2 The Theory of Remote Collaboration (TORC)

Although there is no all encompassing theory in the domain of collaboratory
research, there is a theory that attempts to summarize the collaboratory knowledge
collected to date. The Theory of Remote Collaboration (TORC) is a descriptive theory
that is based on both a set of evaluation studies and a survey focused on identifying the
critical aspects of remote collaboration (Olson 2005). The TORC defines “success of
collaboratories” and codifies the major factors that lead to collaboratory success (Olson
2005).



23

Definition of Collaboratory Success
Olson et al. defined the success of collaboratories in terms of short and long
term results. Some indications of short-term collaborative success include:
e More co-authored publications
e Actively aggregating and sharing of data
e Wide access to expertise and instruments
e Active use of tools developed for collaborative purposes are being used
Some indications of long-term collaborative success include:
e Change in science careers (e.g. those who participate in collaborative research
are more likely to get tenure)
e Qreater diversity among scientists
e Greater quality of life (e.g. due to reduced amount of time spent in travel)
e More students entering science where collaboratories are used, which inspires
further development of collaboratories resulting in more visibility and funding
The ultimate success of collaborative research would be that the collaboration process

results in new breakthroughs or more rapid progress in science (Olson 2005).

Five Factors that Lead to Successful Collaboration

The TORC outlines five factors that lead to successful collaboration, they are:

1) Nature of the work, 2) Common ground, 3) Collaboration readiness, 4) Management,
planning and decision making, and 5) Technology readiness (Olson 2005).

“Nature of the work” refers to answers to the questions “what to do?” and “how
to do it?” in science. TORC states that “loosely coupled work”, work that is easily
divided, can be done successfully at a distance, while “tightly coupled work”
necessarily requires collocation (Olson 2005). Tightly coupled work is “work that
strongly depends on the talents of collections of workers, and is non-routine, even

ambiguous. In tightly coupled work, components of the work are highly inter-



24

dependent” (Olson 2005). In contrast, loosely coupled work “has fewer dependencies
or is more routine” (Olson 2005).

“Common ground” in TORC refers to the mutual knowledge, beliefs, and
assumptions people have in the collaboratory. The successful collaboratory requires
common ground. One example of this would be a need for common vocabulary. Unless
there is an explicitly defined common vocabulary, those involved in a collaboratory
may not be able to communicate and the structure may fail (Olson 2005). For example,
MouseBIRN is a collaboratory of scientists studying mouse brain from molecular
structure to morphometry. Although they were all studying the mouse brain, they did
not map and label the mouse brain in the same way due to the variability in their
backgrounds. To solve this problem, therefore, they built an “atlas” (a common
vocabulary) that shows the relationship between various terms they use (Olson 2005).

“Collaboration readiness” refers to an individual scientist’s willingness to
collaborate. The willingness could be due to many reasons such as monetary benefit,
recognition that people have reciprocally needed skills, or a need to share equipment.
In order for collaboration to succeed, there has to be some benefit for all participants.
Willingness also means that the people involved have to like working together and trust
each other. They must trust that one will not take advantage of the other's vulnerability,
that others will keep their promises, and that they will produce high quality work. Trust
is why collaborators who have worked successfully together in the past have a better
chance of success in collaboration. They have already found common ground and
established trust during their previous collaboration. Another aspect of collaboration
readiness is that participants should have common goals and each group participating
should believe that they can overcome obstacles to achieve that goal (Olson 2005).

“Management, planning and decision making” refers to the quality of the
leadership and management involved. Those participating in collaboration must have
time and resources to commit to the collaborative project. This is especially important

at the beginning of a project where everyone involved needs to spend a significant
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amount of time developing a common ground and aligning goals. Before a successful
collaboration can occur, a communication and management plan and an oversight
committee or advisory boards must be in place. The communication and management
plan will ensure that the decision making within the collaboration is free of favoritism
and happens fairly and openly so that each participant feels they can influence or
challenge decisions. The collaboratories must also have a good knowledge
management plan so that they do not loose data or records (Olson 2005).
“Technology readiness” refers to the fit of the technologies involved to the
collaboratory work. Due to the geographic distribution of participants all
collaboratories must connect people via technology for both communication and core
work. In order for this to happen, participants must adopt and be able to use the tools
provided. They must feel comfortable using the technology. It is essential that the
technology benefits those individuals who are expected use it. The TORC framework
also suggests that interoperability, support, and standards are important. The chances of
success in collaboration are greater if the participants agree on a single platform. The

collaboration also benefits if there is technical support at each location (Olson 2005).

2.3 Collaboratory Design Methodologies

Initial collaboratory research began without the notion of theoretical models of
collaboration guiding the designs of collaboratories. This was partially due to the
failure of prior development attempts involving theoretical design. For example, the
Coordinator or Action Workflow, two systems that implemented models of human
collaborative activity based on Speech Act Theory, ended in user resistance and system
rejection (Winograd 1994). However, while there has been no theoretical framework
that has guided the design, there do exist several common methodological approaches
that have been used to design collaboratories. Many of the early collaboratory studies
involved researchers who understood the complex nature of scientific collaboration.

For this reason, these researchers formally engaged the design of collaboratory
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infrastructure using Participatory Design (PD) (Badker 1993; Muller 1993; Sumner
1997; Weng 2006) and User Centered Design (UCD) principles (Beyer 1998; Consolvo
2002). Adopting PD and UCD principles allowed collaboratories to address the

specific needs of each collaboratory and avoid some of the user resistance faced by the
theoretical designs.

These ad hoc approaches to design have been used in the majority of existing
collaboratory research. Many collaboratories started with field research where the
designer observed and interacted with the users during their normal activities. Most
field studies were then followed with semi-structured interviews to get users’ ideas
about their work and background information. This information was then used to
develop the collaborator application and related technologies. Once the applications
were deployed, some collaboratories conducted usability testing to find errors or
improperly designed features (Finholt 2003). Other collaboratory studies conducted
initial short and long term evaluations of collaboratories (Sonnenwald 2003; Olson
2005).

The UARC and The Space Physics and Astronomy Research Collaboratory
(SPARC) are two examples of collaboratories that involved the user-centered design
techniques. The UARC was one of the first collaboratories to involve user-centered
iterative rapid prototyping design. The collaboratory was developed by a
multidisciplinary team composed of domain specialists, computer scientists, and
behavioral scientists. The designers, composed of both computer and behavioral
scientists, conducted many laboratory and instrument site visits and the collaboratory
design emerged through a slow iterative evolution (Olson 1998). Designers of the
SPARC also spent time to understanding users’ work practices in order to guide
development of system specifications. Through user testing and other design
evaluation methods, the designers insured that the interface they created had useful

functionality and was easy to use (Olson 2005). Many other collaboratories that
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followed also applied similar design methods (Bly 1997; Schur 1998; Sonnenwald
2001).

Yet user-centered design techniques were not panacea for all adoption barriers.
Most collaborator applications and projects still had adoption problems. Many of the
adoption issue arose from technical problems and lack of technical support. However,
the adoption issues also included many complex social and socio-technical issues

related to collaboration and the use of technologies.

2.4 Socio-Technical Issues in Collaboratories

Despite the successes in design and development of many collaboratories, not
all collaboratories have succeeded. Many were either never adopted or had problems
with continuous use after the initial adoption. One of the biggest barriers to
collaboratory adoption have been faults in the collaboratory technologies themselves.
For example, the WCS was not adopted because participating biologists, the users of
the system, had to master relatively complex system installations within an alien
computing environments (e.g. the UNIX operating system) (Olson 2005). The UARC
faced the challenge of collaboratory adoption when their migration toward the java
platform resulted in system problems (Olson 2005). Yet another project, SPARC also
faced adoption challenges because individual scientists went directly to system
developers to request new features, which finally resulted in the system becoming
unstable because of frequent new versioning (Olson 2005).

Another major problem that has contributed to the failure of collaboratories is
that technical support is seldom available to collaborator users. For example, some of
the reasons why the WCS was not adopted included users not knowing where to
download the system and the difficulty of maintaining the operating system
maintenance. Users of the UARC users were challenged by frequent browser

downloads, this extra effort for users severely undermined confidence in the UARC
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system (Finholt 2003). Technical support would have eased such difficulties and
promoted adoption of these collaboratories.

Political and social issues have also hindered adoption of collaboratories. For
example, one of the social issues WCS faced was poor system adoption partly due to
scientists’ reluctance to share data publicly (Star 1994; Finholt 2003). The difficulty of
sharing data in science is a well known social phenomenon associated with
collaboration (Campbell 2002; Birnholtz 2003).

2.5 Summary

Large scale multi-institutional, interdisciplinary biomedical collaborations are
rapidly becoming a norm in science and biomedical informatics has been identified as a
field that can help facilitate such research activity (NIH roadmap). Yet large scale
collaborations have not been studied within the biomedical informatics community.
Other fields such as CSCW and IS however, have studied many different aspects of
collaboration and have accumulated a large body of literature on the topic. However,
further research is needed to understand biomedical collaborations and how to support
them, as earlier collaboratory research mostly focused only on supporting a generic
collaboration issues such as building the collaboratory tools themselves and studying
their use and measuring user satisfaction.

In this chapter, some existing studies of collaboration, specifically those
pertaining to collaboratory research were introduced. Although collaboratory
researches were not specifically looking at collaborations in biomedical domain, we
can learn from the research because some of the characteristics of collaboration are
similar across domains. Therefore, biomedical informatics can get some insight into the
overall collaborative process from some of the existing work. Nevertheless, some gaps
still exist in our understanding of collaborative research (i.e. how to deal with some of
the technical and social barriers?). There is also no available comprehensive theoretical

framework based on research data or a comprehensive review of all collaboratory work
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in the field of biomedical informatics. TORC (section 2.2) is broad enough that it is
difficult to apply to MIBC and biomedical informatics. To fill this gap in the literature,
a preliminary framework of biomedical collaboration was developed based on existing

collaboratory studies with a focus on biomedical research (see Chapter 3).
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Chapter3: A Preliminary Framework of Biomedical
Collaboration

As discussed in Chapter 1 and Chapter 2, it is difficult to find an all
encompassing framework that can be used to guide the study of biomedical
collaboration. The Theory of Remote Collaboration (TORC) described in Chapter 2,
Section 2.2 does fulfill some of the roles of a theoretical framework in that it
summarizes some general properties that lead to successful collaboration, but although
such a descriptive theory can be used to inform general collaboration research; the
broad nature of TORC makes it difficult to apply to a specific domain. Currently, there
is no existing framework that addresses issues of collaboration specifically from a
biomedical point of view. This research tries to address the problem of lack in
biomedical context-specific framework.

To address the lack of needed framework (see Gap 1 and Aim 1 in Chapter 1), a
comprehensive preliminary framework of biomedical collaboration was developed by
systemic analysis of existing literature. Qualitative literature analysis methods were
used to combine concepts from TORC and various other collaboratory research in the
context of the biomedical setting. This preliminary framework will be used to guide the
study of multi-institutional interdisciplinary biomedical collaboration (MIBC) as its
foundational framework (described in chapter 4 sections 3.4-3.6 and 3.8). Section 3.1
explains how existing literature was synthesized and how the preliminary framework
was developed. Section 3.2 describes the details of preliminary framework itself. This
concluding Section 3.3 which illustrates how the preliminary framework described in

Section 3.2 can be used to advance biomedical informatics research and collaboration.

3.1 Literature Review

The concept of collaboration has been studied by researchers in many different

fields and from various different angles and points of view. For that reason, the
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literature that applies to collaboration is distributed over many different disciplines and
is heterogeneous in nature. This synthesis of literature therefore, includes a wide range
of literature from a variety of relevant disciplines that study and support collaborations.
The review is composed of a survey of literature in Computer Science, Information
Science, Biomedicine and Social Sciences. The contents of this literature include
formative studies designed to collect requirements for new collaborative infrastructure,
participatory design studies, systems design and deployment studies, as well as
qualitative summative evaluations of collaborative infrastructure. The focus of the
search was not only in technical infrastructure associated with collaboration, but also
naturalistic studies that highlighted social issues. The studies vary from descriptions of
the systems, evaluations of systems, analyses of the systems without a formal
methodology, to qualitative analyses of themes across collections of systems.

The primary search began in Google Scholar (Google scholar) and PubMed
(PubMed), but subsequent searches included other relevant literature indices and
databases such as: Library Literature & Information Science, Library and Information
Science Abstracts (LISA), ISI web of Knowledge (Social Sciences Citation Index),
Association for Computing Machines (ACM) and the Institute for Electrical and
Electronics Engineers (IEEE). Published articles, books, conference proceedings, and
grey literature such as dissertations and websites were used. The initial keywords that
began the search were: collaboratory, collaboratories, and biomedical collaboration.
Additional literature was then found through citation and reverse citation searches and
through discussions with colleagues in the area of collaborative research. The review
was restricted only to science and engineering research collaborations. Although
collaborations exist in many fields, the challenges within these science disciplines were
felt to be more germane to the biomedical setting. Over 150 documents were screened
and close to 100 relevant documents were reviewed.

A qualitative approach was used to characterize and identify themes in each

article rather than a traditional literature review approach of serially reviewing the
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existing frameworks from a certain perspective (i.e. biomedical informatics). It was felt
that qualitatively categorizing the emergent and recurring themes would present a more
synthetic overall view of the existing literature. Due to the heterogeneous nature of
literature under study, the qualitative approach was better suited to identify critical
results that cross methodological approaches and disciplinary boundaries. The concepts
in the review were iteratively developed through careful reading of each selected piece
of literature. After the initial list of concepts was compiled, the individual concepts
were sorted and categorized into larger concepts.

Although The Theory of Remote Collaboration (TORC) described in Chapter 2
exists to guide a general study of collaboration. However, it is not context-specific
enough to guide the study of biomedical collaboration. For example, data security is
one of the most important factors to consider during biomedical collaboration due to
the nature of data involved. Yet TORC does not mention this concept at all. The
Preliminary Framework within the context of biomedical research was developed for to

better guide the field study.

3.2 Preliminary Framework of Biomedical Collaboration

This novel preliminary framework was developed through qualitative analysis
of published literature of studies associated with complex collaborations in the
biomedical context. The preliminary framework includes the following concepts: a)
general concepts that are necessary in any collaboration, b) specific concepts that are
desirable in biomedical collaboration, ¢) environmental factors that support
collaboration, and d) factors that support long-term collaboration. The framework
describes an ideal set of attributes that modern multi-institutional biomedical
collaboration should have. The general attributes that are necessary in any
collaboration include: communication, common workspace/coordination, and data
sharing and management. The attributes that are particularly desirable in biomedical

collaborations include: data integration/analysis, security, metadata/data provenance,
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and interoperability/data standards. The environmental factors that support
collaboration includes: administration/management, technical support, and funding.
The factors that aid long-term collaboration include: training and iterative evaluation.
Each of these groups of concepts can be used as a guide by the biomedical informatics
community to construct needed informatics infrastructure in support of biomedical
collaboration. A summary of these concepts and definitions are provided in Table 3.1.
The applicability of each concept in the framework to biomedical collaboration is

described in section 3.3 using a scenario.
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A summary of the preliminary framework of biomedical collaboration.

Collaboratory
Features

Definition

Concepts
General to
Many Domains
(Section 3.2.1)

Communication

Communication-
asynchronous

A method of communication that
enables researchers to communicate
non-simultaneously (e.g. e-mail,
discussion list, newsgroup)

Communication-
synchronous

A method of communication that
enables researchers to communicate
in real time (i.e. by phone,
videoconferencing, whiteboard, chat)

Awareness

Awareness is an understanding of the
activities of others, which provides a
context for your own activity

Common
workspace,
Coordination

Common workspace

A physical or a virtual space where
researchers can interact and work
together (i.e. web portals, wiki)

Coordination tools

Tools that help manage scheduling
and coordination of various tasks
involved in collaboration (i.e.
scheduler, calendar)

Data sharing
and
management

Data management

Technologies that effectively help
handle (i.e. retrieve, search, access)
data created during research

Data sharing

Any data produced during research
being shared as well as technologies
that are involved in sharing

Archive/Repository

A place where researchers can put
their data to store, retrieve, and
access data

Trust

Trust is a belief in the integrity and
abilities of others involved in the
collaboration, which helps
collaborators to work together

Willingness to share

Willingness is an inclination or
readiness to be a part of collaboration
and to work toward a common
research goal
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Concepts Data Data Integration A mechanism to integrate data that
Particularly Integration and are in multiple formats and located in
Relevant to Analysis different places
Biomedical Data analysis tools Tools that help analyze data in any
Research way (i.e. visualization, display,
(Section 3.2.2) statistics)
Security Security/Variable A measure to secure access to a
Access system or data, limiting access to
resources only to those authorized to
use them
Metadata, Data | Metadata Contextual information, descriptions
Provenance (Annotations) of datasets
Data tracking (Data Tools to help keep track of history of
provenance) a dataset (i.e. what changes are made
and who makes them)
Interoperability | Common A common set of defined terms or
Data Standards | vocabulary/Standards | defined formats for a data set
Interoperability All the technologies in a
collaboration interconnected and
integrated to work together and
interconnected
Environmental | Administration, | Management A body of people responsible for
Factors that Management structure managing the overall structure of a
Support collaboration and solving conflicts
Collaboration Technical Technology support | Personnel that helps with technology
Support (i.e. set up new hardware, software
(Section 3.2.3) support)
Funding Funding Funding for collaboration, incentives
to collaborate
Factors that Aid | Training Education/Training Any tools and activities related to
Long-term educating, mentoring, and training
Collaboration Iterative Iterative evaluation Continuous evaluation of needs and
(Section 3.2.4) Evaluation barriers throughout the collaborative

process (both technological and
social)

User-centered design

Designing tools with users in mind
(i.e. participatory design,
ethnographic study of workflow)

Understanding
workflow

Understanding the overall structure
of work involved in collaboration
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3.2.1 General Concepts that are Necessary in any Collaboration

During the development of the preliminary framework, three concepts that are
associated with any working collaboration effort were identified. These three concepts
are essential to any collaboration if it is to function successfully as a collaborative
effort, they: a) nature of remote communication and communication technology, b)
common workspace and coordination tools to bridge distances, and ¢) defined
approaches to data sharing and management. These categories of factors emerged from
literature across multiple fields and in a variety of collaborations. They are cross

cutting concepts without which collaborations cannot function.

The Nature of Remote Communication and Communication Technology

The importance of communication in collaboration is widely known.
Collaboration, by nature, involves people working together toward a certain goal and
working together is not possible without some form of communication. Researchers
involved in collaboration work together, discuss their research, jointly analyze data,
and share ideas. Throughout these processes, they communicate formally and
informally using various mediums such as email or phone. This formal and informal
communication fosters collaborative relationships by improving working relationships
and maintaining shared knowledge (Kraut 1998). The importance of informal
communication in collaboration, such as chance meetings in the hallways, is well
documented (Hollan 1992; Kraut 1998; Herbsleb 2000; LaCoursier 2004). It is
important to note that one reason remote collaborations often fail is partly due to the
lack of these informal face-to-face communications (Herbsleb 2000).

Because researchers involved in modern collaborations often work in different
institutions and are located geographically apart from one another, their
communication in modern collaborations is often aided by technology. Technology can
support both synchronous or asynchronous communication. Through synchronous tools

such as phones, videoconferencing, and chat systems, scientists can connect to each
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other in real time. Real time communication is important because it allows for
activities such as brainstorming that are otherwise not easily achieved. On the other
hand, asynchronous tools such as email or discussion lists allow researchers to
communicate outside of a set time; thus, these asynchronous communication
technologies enable researchers to work flexibly around their busy schedules. Through
a number of mechanisms, communication technologies facilitate both planned and
unplanned interactions that promote collaboration and increase awareness of research
(Dourish 1992; Hollan 1992; Kraut 1998; Hara 2003).

Minimal communication support for multi-institutional collaboration should
include at least one asynchronous communication tool, such as email and a
synchronous communication tool, such as communication by phone. Even this minimal
set of tools will enable basic communication necessary for collaboration. However,
more advanced tools such as videoconferencing will additionally benefit the

communication process in collaboration.

Common Workspace and Coordination Tools to Bridge Distance

Collaborations must have a common workspace, a “place” where researchers
can work together (Bannon 1997). It is needed for coordination, communication, and
information and knowledge transfer (Ackerman 2000). Historically, scientific research
was typically done in a single lab and within a single lab where having a common work
space was not an issue. However, with the advent of large complex collaborations
brought on by more complex scientific questions and related funding initiatives, having
common workspace for everyone involved in a research initiative is often no longer
possible (Cummings 2005). Large scientific collaboration frequently involves scientists
from multiple institutions that are geographically dispersed. Because collaborative
research cannot succeed without some type of a common place where researchers can

work together, information tools can be used to create a virtual common space.
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In order to alleviate the lack of shared physical space due to distance;
technologies have been developed to give researchers a simulated co-located space.
Such a virtual workspace constitutes a place where research information (e.g., data,
analysis results) can be collected and accessed by the researchers involved in
collaboration (Appelt 1999). Through these technologies, researchers can come
together, share data, analyze findings, and conduct research discussions. Some
examples of collaborative technologies designed to address this particular issue include
Basic Support for Cooperative Work (BSCW) (Hoffelner; Appelt 1999) (Figure 3.1),
Wikis (Wagner 2004) (Figure 3.2), and Microsoft Sharepoint (MS Sharepoint; Barga
2007) (Figure 3.3). BSCW is “a 'shared workspace' system which supports document
upload, event notification, group management and much more” (BSCW). A Wiki is “a
collaboratively created and iteratively improved set of web pages, together with the
software that manages the web pages” (Wagner 2004). Microsoft Sharepoint provides a
central platform to connect and share knowledge. It supports “intranet, extranet, and
web applications across an enterprise within one integrated platform” (MS Sharepoint).
These virtual workspace technologies are known to reduce negative impacts of remote
collaboration (Cummings 2005).

The minimal common workspace/coordination support for multi-institutional
collaboration should include a common repository of information such as a shared
server and a way to coordinate schedules. However, more advanced tools such as
Sharepoint or customized workspaces such as BSCW can provide better support for
collaboration. Furthermore, shared calendaring such as the Microsoft Exchange system

(MS Exchange) can also help coordinate schedules among collaborators.
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Figure 3.1
Basic Support for Cooperative Work (BSCW) Interface
(http://www.fit.fraunhofer.de/products/bscw_en.html)
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Figure 3.2
Wiki Interface (http://www.fit.fraunhofer.de/products/bscw_en.html)
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Figure 3.3 Sharepoint Interface
(http://'www.officeinfo.com.au/Products/Interwoven/WorkSite/WorkSiteforSharepoint.asp)

Approaches to Data Sharing and Data Management

Data sharing and management have to occur as a necessary part of any
scientific collaboration. Large amounts of data are generated throughout collaborative
research. Data can be the result of an experiment performed by a single lab or multiple
labs or the result of aggregated analyses of existing forms of data. Regardless of the
type of data generated, they are often shared and analyzed by all individuals involved
in collaboration. Hence, data sharing and data management go hand in hand. Data
sharing in science is important for several reasons: 1) a researcher’s findings can be
validated by peers, 2) new analyses can be performed on existing data, 3) data can

serve as the basis for new research, and 4) it can prevent unnecessary duplication of
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effort (Birnholtz 2003; Ball 2004). Furthermore, new knowledge and insight can
emerge from aggregated data that were not visible or obvious in individual sets of data.
For these reasons, funding agencies such as NIH have been increasingly requiring data
sharing as part of their funding initiatives (NIH data; NMEDCTS).

Data sharing in large collaboration often involves technologies that enable data
exchange. Data sharing tools can be as simple as spreadsheets sent over email or they
can be more complex systems like a common database or a repository to which
researchers can submit their data. However, even if there are mechanisms to share data,
sharing cannot occur without trust and willingness to share from participants. Although
data sharing is generally perceived as beneficial, researchers often find sharing difficult
due to the competitive nature of scientific research and the cultural tendency toward
not sharing (Campbell 2002). Researchers often do not trust others involved in
collaboration, thinking that a collaborator might steal their findings (Birnholtz 2003;
Olson 2005). Such mistrust often stems from the highly competitive nature of
biomedical research (Campbell 2002; Olson 2002; Birnholtz 2003). When designing
and implementing data sharing technology, such social barriers should be taken into
account.

Support for multi-institutional collaboration should include some tools that
enable management and sharing of data across institutions. Data management tools
could be as simple as a spreadsheet and as complicated as a large scale database. Data
transfer can be a spreadsheet sent as an email attachment or be as complex as a web-
based standardized transfer system that every institution in collaboration uses.
Although even simple tools can enable data sharing, more advanced tools are needed as

collaborations get larger and more complex.

3.2.2 Concepts Specifically Relevant to Biomedical Collaboration

During the development of the preliminary framework, four concepts were

identified as particularly relevant to collaborations in the biomedical field. These are
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concepts that might not be applicable to collaborations in other fields, but are essential
to biomedical collaboration. These concepts include: 1) approaches to data integration
and analysis, 2) security protocols, 3) tracking data through metadata and data

provenance, and 4) interoperability and data standards.

Approaches to Data Integration and Analysis

Even if data are managed and shared well, they cannot be fully taken advantage
of in collaborative research unless different types of data and analysis are integrated.
For example, an image generated by a microarray experiment is useless without
relevant statistical analysis to indicate what part of that image is significant (Allison
2000). In addition to accessing and reviewing individually analyzed data, such as the
microarray experiments and analyses described above, in collaborative research,
researchers often need to collectively analyze data. The collaborative analysis has been
described as “an interactive process of brainstorming where researchers share their
individual interpretations, understanding, and insights, which build upon one another to
form cogent findings and conclusions” (Chin 2004). Because in collaborative research
input is often needed from a number of researchers located remotely, the collaborative
analysis must occur through a technical medium.

Collaborative data analysis must often involve sophisticated statistical or
analytic tools as well as a mechanism for the researchers to tie the analysis processes
together (Chin 2004). Integrated analysis technologies enable scientists to view and
analyze data in one place, share tools during analysis, and capture notes, working ideas,
and interpretations. These technologies can enable the process of analysis to occur in
real time or asynchronously, depending on the type of analysis needed and researcher
preferences. Probably the most important function of integrated analysis technology in
biomedical research is data integration. Collaborative analysis of the data generated in
collaboration cannot happen without integrating data generated by different individuals

and institutions involved in the collaboration. The concept of data integration is widely
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recognized as an important issue and is actively being researched in biomedical
research due to the advent of data explosion challenges (Altman 2006; Louie 2007).
The minimal common data integration and analysis support for multi-
institutional collaboration should include tools that enable merging of various datasets
in one place and tools to access and analyze several datasets at once. In their review,
Louie et al. (Louie 2007) suggest various existing data integration approaches that
complex collaborations can take advantage of. Of the suggested approaches, database
federation and peer data management approaches best fit the multi-institutional
collaboration since these approaches deal with data at disparate locations. Data analysis
tools can also be as simple as a single spreadsheet, or a complex software package such
as Rosetta Bio-software (Rosetta). Although most labs are currently utilizing
spreadsheets (Anderson in Press), more advanced tools are needed for larger and more

complex collaborations.

Security Protocols

Modern biomedical research cannot begin without a well-developed security
protocol. Biomedical research often involves highly sensitive data such as private
medical records or individual genetic information. Personal health data are legally
protected by the Health Insurance Portability and Accountability Act (HIPAA). HIPAA
mandates personal health information to be constantly under tight security protection
(HIPAA). Funding agencies also require that any biomedical research project have a
carefully planned security structure (CTSA RFA). In addition to satisfying HIPAA and
funding mandates, it is possible that tight security constraints can alleviate the mistrust
among researchers not wanting to lose control of their data (Birnholtz 2005).

Although a general security structure is the first step toward fulfilling the
security requisites constraints of biomedical research, it alone is not enough. For
example, certain data in biomedical research are more sensitive than others. It is also

possible that some more sensitive data needs to be only available to a subset of
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researchers within a collaboration. To support all levels of constraints, a flexible
security structure needs to provide differential access to a common collaborative
system (Chin 2004). A minimal collaborative security structure should involve
authentication (minimum login/password) and authorization (variable access to
different parts of research data and workspace) as well as encryption of communication
and audit trails to allow review of record accesses. The security structure of a
collaborative research project must also be compliant with HIPAA and funding agency

mandates.

Tracing Data through Metadata and Data Provenance

Metadata and data provenance provide important information about data used
in the process of collaborative research. Before the era of large scale collaboration, the
data sets created in biomedical research were manageable in size and narrow in scope.
Modern collaborative biomedical research, however, generates large quantities of
highly diverse data (Ball 2004). Furthermore, collaborative biomedical research often
involves researchers from various fields with different set of knowledge and often from
multiple institutions. For example, a research collaboration might involve a bench
scientist sequencing genes at one end, while at another end involve a clinical researcher
performing clinical trials of a drug for cancer (Mankoff 2004). To facilitate sharing and
collaborative analysis, collaborative technologies must bridge the gap of diversity in
data and variability in researchers’ field of knowledge. Metadata and data provenance
can help bridge that gap (Simmhan 2005).

Metadata is a description of data, data about data (Buetow 2005). Since
collaborative research involves researchers with different backgrounds, some of them
can find it difficult to understand data without the context of how research was
conducted and how the data were analyzed (Allison 2000). For example, a biochemist
discovers a possible treatment for cancer and gives resulting data to a clinical

researcher. Without some explanation or description of the data, the clinical researcher
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would find the data impossible to decipher. Data provenance is related to metadata in a
sense that it is essentially concerned with the history of data (Simmhan 2005), the
importance being that it functions like a versioning mechanism. Without a detailed data
history, researchers have no way of determining whether data is outdated or still valid.
Not having data provenance in collaborative research could result in confusion where
some researchers access outdated or invalid data while others use the most updated
data. Data provenance enables scientists to keep track of large data sets generated by
collaborative research.

A minimal level of metadata and provenance is maintained by keeping careful
track of files and comments within the files since many biomedical researchers are still
using spreadsheets for data analysis and sharing (Anderson in Press). However, multi-
institutional interdisciplinary biomedical collaboration can benefit greatly from more
complex tools for managing metadata and provenance. Simmhan et al. (Simmhan
2005) reviews five tools that enable metadata and data provenance. Tools such as

Taverna (myGrid) (Zhao 2007) are gaining popularity in the biomedical field.

Interoperability and Data Standards

Interoperability is a concept that is assumed to exist in collaboration, but rarely
explicitly mentioned. Most literature on collaboration implies interoperability by
stating that technology involved in collaboration must be able to work together (Olson
2005)or saying common infrastructure support exist (Finholt 2003). Very few, however
explicitly discuss the importance of interoperability. Interoperability is a term used to
describe a common infrastructure that seamlessly integrates technologies from all
levels of research within a given collaboration. It includes not only technological
infrastructure, but also interoperability of data structures. Data standards enable
interoperability by creating a common frame of reference for data sharing.
Heterogeneous sets of data are able to converge through a common frame of reference

so that researchers can easily share and analyze data (Neches 1991).
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Although a necessity, interoperability is difficult to achieve in collaborative
biomedical research due to the heterogeneity of technologies and data formats used by
different collaborators (Maojo 2003). For example, often institutions involved in
collaboration use different operating systems. Some use Unix, some, Windows, and
others can use a completely different platform; hence, even reaching a basic level of
interoperability is often difficult. The difficulty escalates when the collaboration needs
to standardize heterogeneous data for sharing and analysis. For example, a genetic
sequence of a disease gene is significantly different from an x-ray image of a tumor;
yet both must be integrated into a common system to support collaboration.
Interoperability should provide a way to enable research processes such as data
analysis regardless of differences in system platforms or heterogeneity in data. A
minimal approach to interoperability can be a simple standard that connects various
pieces of data together. At its most complex, interoperability can be a complex central
system with various tools that span multiple institutions and enable sharing of complex
data (i.e. caBIG, BIRN) (BIRN; caBIG; Buetow 2005).

3.2.3 Environmental Factors that Support Collaboration

Large scale collaborations can be situated among several academic and non-
academic institutions. Since collaboration cannot exist in a vacuum, the policies and
politics of the institutions involved in collaboration can have positive or negative
effects on the collaboration. Although the surrounding environment is important to
address in collaboration research, very few studies have examined the environment
surrounding collaboration. The majority of previous studies have focused only on the
technical or the social issues within the collaborations, leaving out the factors that
might influence collaboration from the outside. Three critical environmental factors
that are important to collaboration are outlineded in this preliminary framework. They

are: 1) overseeing collaboration with administrative and management structures, 2)
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institutional support to relieve technical difficulties, and 3) available funding enabling

the formation of collaboration.

Overseeing Collaboration with Administrative and Management Structure

Having a good administrative and management structure in a multi-institutional
collaboration enables better collaboration. According to Olson et al. (Olson 2005), an
administrative and management structure is composed of individuals that oversee,
coordinate, resolve conflicts, and make decisions within a collaboration. Ideally, this
administrative body supports the overall collaborative process and functions as a
central reference point for those involved so that no one in a collaboration feels isolated
(Olson 2005). Furthermore, an administrative and management body also manages all
the legal issues that might arise related to collaboration (David 2003). In small
collaborations such as one that involves two small labs, one of the principal
investigators can essentially act as an administrative body that manages collaboration.
In large collaborations, however, the amount of work involved in managing
collaboration is too great for any one investigator; therefore, a designated

administrative body is often in charge of managing collaboration as whole.

Support to Relieve Technical Difficulties

Large collaborations often involve a wide range of technical tools. For example,
rather than walking a few doors down to talk to a collaborator, researchers often have
to rely on remote communication technologies such as email or phone. They also have
to use a variety of complex tools to remotely share and analyze data. Yet researchers
are not inclined to dedicate time and energy to learning these complex tools, they feel
that the primary objective of collaboration is to advance scientific knowledge, not to
learn how to use a set of tools. Such extra work that is required to learn technology
often deters researchers from continuing with the collaboration. For example, the

Worm Community System (WCS) was faced difficulties of acoption because
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researchers had to learn to install complex systems and use unfamiliar UNIX operating
system (Finholt 2003). The Upper Atmospheric Research Collaboratory (UARC)
researchers found frequent system downloads a huge challenge (Finholt 2003). Having
technical support personnel can alleviate such technical difficulties and benefit
collaboration by removing potential causes for failure (Olson 2005). At a minimum, a
MIBC should have a available technical support to help with difficulties of

collaborative infrastructure.

Available Funding to Enable the Formation of Collaborations

Large scale collaboration typically has a large financial overhead due to the
technical infrastructure necessary to support the processes of scientific research and
collaborative work among a large group of people. To alleviate financial difficulties of
large scale collaboration that can cuase both initial and continued adoption problems,
adequate funding structure should be available as part of the environment fostering
collaboration. Olson et al. have found that collaborations based on funding initiatives
are more likely to fail since a lasting collaboration cannot be based purely on financial
incentives (Olson 2005); however, without adequate funding, it would be difficult for
large collaborations to form. Funding agencies should recognize that MIBCs are
difficult to achieve and often require more resources to bridge the physical distance and

differences among its members. Providing extra resources might help facilitate more
MIBCs to form.

3.2.4 Factors that Support Long-term Collaboration

A number of research studies and technological developments have made
collaboratories possible. Developments in communication, data sharing and analysis
technologies have helped to alleviate the difficulties specific to collaboration at
distance. The social issues in collaboration such as willingness to share and trust have

been identified and researched in depth. Yet despite growing research in the area of
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collaboration, very little is known about how to sustain collaborations over a long
period of time. Many earlier large scale collaborations simply ended when their initial
funding period ran out. Others dissolved due to the overwhelming challenges they
faced during their first few years of existence. During the development of the
preliminary framework, two factors emerged as those that might help foster long-term
collaboration: a) collaborative process and technology training, and b) long-term

planning.

Collaborative Process and Technology and Training

Technology plays an important part in modern collaboration. It enables
everything from simple every-day communication between researchers, to sharing of
complex research data. However, since technology is often perceived as difficult to use,
such dependence upon it in collaboration can negatively affect the collaborative
process. The knowledge of the research process particular to each collaboration is also
important for the success of collaboration. Due to the variability in backgrounds, the
researchers involved in collaboration often focus only on their local research objectives
and overlook the larger goals of the collaborative effort. It is often overlooked fact that
it is important for all collaborators to have an understanding of the overall goal and the
high-level scientific processes of the entire collaboration. Technology training and
research process training can help foster a more successful collaborative environment
through a better understanding of the overall collaboration process and more effective
and easier use of technology (Olson 2005). Minimal training can include basic courses
on tools being used and holding open conferences to introduce various aspects of

collaboration.

Long-term Planning
Continued long-term planning of the infrastructure development, process, and

on-going objectives of the multi-institutional collaborative project, is key to fostering



51

long-term collaboration. Collaborations often form out of necessity, either due to a
need for additional expertise or in response to funding requirements. Therefore due to
this “on-the-spot™ formation, collaborations seldom begin with long-term plans. When
plans are made, they often do not extend beyond the initial funding period due to
uncertainty in funding, even when the complex problems the collaborations seek to
solve cannot be expected to be resolved within the first funding period. Yet, if
collaboration is to last, long-term planning of goals, infrastructure and the overall
collaborative process is needed from the beginning (Olson 2005). Lack of such
planning has contributed to the dissolution of collaborations before their aims were
achieved (Olson 2005). For long-term planning of collaboration, it should be
considered that collaboration is a dynamic process that changes constantly. Supporting
collaborative research through a continuous evaluation of needs and the identification
of gaps in current processes is imperative for the survival and success of a long-term
collaboration (Sonnenwald 2003; Kaplan 2004; LaCoursier 2004). MIBCs should
consider, at minimum, an annual evaluation to identify needs and gaps that arise within

the collaboration.

3.3 Applying the Framework to Biomedical Informatics

Section 3.2 described in detail the preliminary framework that combines
concepts from various collaboratory studies in the context of the biomedical setting.
This section illustrates how each dimension of this framework can be applied to
biomedical collaborations. A motivating scenario is used to demonstrate how each

dimension of the framework is important to make collaboration effective.

3.3.1 Scenario

Consider a hypothetical case: Several investigators at multiple institutions across

the United States are all interested in how a certain antibody might be used for
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treatment of human breast cancer. They wish to create a computer model of the
structure of the antibody and the receptor to which it binds as to permit simulation of a
variety of modifications to the antibody that might increase its binding and
effectiveness against the cancer. The investigators involved in this collaboration have
different resources to contribute and different areas of expertise. For example: a)
clinical investigators have expertise in the use of antibodies in the treatment of cancer
through clinical trials, b) computer scientists have expertise in simulation algorithms
and modeling, and c) translational researchers have developed a model of breast cancer
and preliminary data that in this model the antibody they are studying helps treat the
breast cancer. In order for these investigators to successfully conduct research together,
they will need to:
® Share data (i.e. clinical outcome measures, cancer model outcome measures,
simulation constants, and human body models)
» Communicate with all the investigators involved in the collaboration at both
local and affiliated institutions
» Integrate all the various pieces of heterogeneous data, information and
knowledge spread across different groups
» Work with local administration and institutional structures (i.e. IRBs) to approve

the study procedures

3.3.2 Applying the Framework to the Biomedical Research Scenario

General Concepts that are Necessary in any Collaboration:

The Nature of Remote Communication and Communication Technology, Common
Workspace and Coordination Tools to Bridge Distance, Approaches to Data Sharing
and Data Management

In the scenario above, the investigators are geographically distributed across
multiple institutions. Because most researchers are not co-located, frequent face-to-face

meetings to discuss research and share ideas are difficult to achieve. To facilitate
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remote communication, a technical medium needs to be employed since collaboration
is not likely to happen otherwise. As described in Section 3.2.1, systems to facilitate
communication among investigators may include tools as simple as phone or email or
more complex tools such as videoconferencing systems.

However, providing a means of communication is not enough to facilitate
collaborative research. When meetings occur in a co-located physical space,
investigators bring their research data and notes and discuss the research and how to
coordinate efforts. Such sharing and coordination are integral to collaborative research.
A virtual workspace for investigators in the scenario can enable such work. Using a
virtual workspace, the investigators can access data from a common location as well as
communicate through discussion forums and chat and coordinate their efforts through a
scheduler and common calendaring tools.

The investigators from the scenario describe above will need to share and
manage data during every phase of the study. At the design phase, plans will need to be
developed for data capture (e.g. who will capture data about the behavior of the
antibody in a human body), data management (e.g. where and how all the data
collected will be managed), and data sharing (e.g. what infrastructure will be used to
allow the computer scientists to access and integrate clinical and animal models).
During the execution phase, systems will need to be in place to enter, store, and
monitor the highly diverse and heterogeneous information from each subgroups (i.e.

multiple modelers, algorithms, simulations, and animal models).

Concepts Specifically Relevant to Biomedical Collaboration:

Approaches to Data Integration and Analysis, Security Protocols, Tracing Data
through Metadata and Data Provenance, Interoperability and Data Standards

The investigators in the scenario above need mechanisms to integrate
heterogeneous data (i.e. data from clinical research, computer models, animal models,

algorithms for simulation) from groups scattered across several institutions. The data
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will need to be well integrated so that a common set of tools can be used across the
data to uncover and distill relevant information. As mentioned in Section 3.2.2 data
integration is especially important for interdisciplinary collaborations because they
tend to work with highly heterogeneous data.

The issues of data privacy and security have become more prominent in recent
years in part due to regulatory pressures (HIPAA) and especially so in biomedical
research due to the recognition that it is very difficult to de-identify genomic data
(Altman 2002; Malin 2005). When supporting collaborative biomedical research, such
as the research described in the scenario, the biomedical informatics community should
consider regulatory issues not only at the individual institutional or laboratory level,
but also at a collaborative, cross- institutional level. Having a security structure as
described above in Section 3.2.2, is important to ensure that sensitive patient
information obtained from clinical investigations are safe and are protected within the
bounds of HIPAA and institutional regulations. Appropriate security measures will also
ensure that investigators can more comfortably share data with their collaborators,
knowing that the novel data and findings they share within the collaborative system
will not be accessed by unauthorized individuals, such as competing researchers.

Even if a mechanism for data integration and protecting data security exists, the
use of such data in the described scenario might be limited if no information exists
about the data. For example, in our biomedical collaboration scenario, a clinical
investigator who receives data from a computer scientist may not be able to interpret it
or even understand it without associated metadata explaining what the data represents.
A mechanism for versioning and keeping a historical record of data also needs to exist.
A translational researcher would not be able to trust data he receives from a clinical
investigator unless he can be sure he has the latest version and knows who has accessed
and modified the data.

Data flowing from computer scientists to clinical investigators to translational

researchers in the above mentioned collaborative scenario cannot be effectively used
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without an existing common infrastructure. A collection of interoperable systems using
a common interface will present to the investigators using the system a seemingly
common infrastructure where they can gather all the information they need in one place
instead of searching for information at various different sources across institutions.
Adoption of standards by the community is key to enabling different systems to

interoperate.

Environmental Factors that Support Collaboration:

Overseeing Collaboration with Administrative and Management Structure, Support to
Relieve Technical Difficulties, Available Funding to Enable the Formation of
Collaborations

Biomedical informatics support for biomedical collaboration is often thought to
end with the technology; however, the biomedical informatics community should
consider issues that extend beyond just the technical infrastructure. The organizational
and environmental issues surrounding collaboration can significantly affect the
technological and organizational implementation of a collaborative infrastructure.
Managerial structure, technical support, and adequate funding are factors crucial to the
survival of collaboration that are often overlooked. Biomedical informatics should take
part in the development of the collaboration to ensure a financially viable infrastructure
is set up and resources to provide needed technical support are included. For example,
the investigators in the above scenario will need a central resource to help set up a low-
cost collaborative infrastructure. During the research process, they will also need
technical support to learn to navigate the various data management and communication

systems.
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Factors that Support Long-term Collaboration:
Collaborative Process and Technology and Training, Long-term Planning

Most biomedical researchers are not familiar with the process or the
technologies involved in collaborative research. The investigators in the scenario
described above would benefit greatly from general training to inform them about the
common technical infrastructure that exist for the collaboration, tools such as virtual
workspace and discussion boards. Biomedical informatics community can also
contribute to long-term planning by performing continuous evaluations throughout the
collaborative process and making appropriate adjustments to the infrastructure to adapt

to the changing needs of collaboration.

3.4 Summary

In Chapter 3, a preliminary framework of biomedical collaboration (Table 3.1)
was qualitatively developed using existing literature on collaboration. The Nature of
Remote Communication and Communication Technology, Common Workspace and
Coordination Tools to Bridge Distance, Approaches to Data Sharing and Data
Management are general concepts in collaboration that are essential to all
collaborations. Approaches to Data Integration and Analysis, Security Protocols,
Tracing Data through Metadata and Data Provenance, Interoperability and Data
Standards are concepts specifically relevant to complex, multi-institutional biomedical
research. These are also key areas for biomedical informatics in terms of research and
development of applications to support collaboration. Also identified are critical
environmental factors that support collaboration (Overseeing Collaboration with
Administrative and Management Structure, Support to Relieve Technical Difficulties,
Available Funding to Enable the Formation of Collaborations) and factors that support
long-term collaboration (Collaborative Process and Technology and Training, Long-
term Planning). These factors are important to all aspects of biomedical research

collaboration.
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The preliminary framework of biomedical collaboration (Table 3.1) provides
insight into how biomedical collaboration can be supported by the biomedical
informatics community. It can guide planning and design of collaborative infrastructure
to better support interdisciplinary biomedical collaboration. In particular it has
implications for biomedical informatics researchers and developers who are working
on ways to support biomedical collaborations. However, the preliminary framework is
not yet complete in that it has never been verified in the field. This preliminary

framework will be used to guide the field study of MIBCs described in Chapter 4.
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Chapter 4: Theory and Method to Study Biomedical
Collaboration

A wide range of theories and methods to conduct in-depth contextual study
exist in fields such as Library and Information Science, Computer Science,
Communications and Organizational Studies. This is due to a recognition that a
thorough understanding of a complex setting resulting from contextual studies has been
an important step in better supporting users in that environment. Some of the
contextual studies have led to better system design and adoption while others have
provided different types of support for processes occurring within that environment
(Badker 1993; Muller 1993; Sumner 1997, Weng 2006). This study attempts to gain a
better understanding of Multi-institutional Interdisciplinary Biomedical Collaboration
(MIBC) to better support the overall collaborative process. In order to do so, a
contextual study of two MIBCs was conducted with the concepts in the preliminary
framework of biomedical collaboration developed in Chapter 3 as a guide. This chapter
briefly introduces in Section 4.1 and 4.2 the theories and methods that were used to
conduct the contextual study. Then in Section 4.3, the actual study steps are described

in detail.

4.1 Theory
Grounded Theory (Glaser 1967) is a systematic methodology that often uses

qualitative methods to generate theory from data through iterative categorization of
themes. Since its inception, Grounded Theory has diverged into two different schools
of thought due to the differences in opinion of the original creators, Glaser and Strauss.
Glaser maintains that grounded theory focuses on deriving theory based purely on data
gained from the study environment (Glaser 2001). In this school of thought, the
researcher goes into the field with no prior assumptions and without any bias from a

particular theoretical framework. On the other hand, Strauss interpreted Grounded
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Theory as one that uses theoretical frameworks to guide the fieldwork (Strauss 1998).
In this model, the research can enter a field with some prior sensitivity to existing
theory and thus is able to compare the theory in context.

Although the researchers’ mindset going into the field might be different, both
schools of Grounded Theory have remarkably similar approaches to research. They
both approach research with no formal hypothesis and try to generate explanatory
theories of certain human behavior through systematic data collection and analysis.
Data is often collected through the use of qualitative methods such as interviewing and
observation. Furthermore, data collection and analysis often occur simultaneously and
through constant comparison. The analysis process occurs through reading and re-
reading and reflecting on data where patterns in data and relationships between them
are identified. Grounded Theory is often used in the study of complex settings where
there is little prior knowledge of the setting (Bernard 1994; Morse 1995).

As stated in Chapter 2.2.1, there is a general lack of an all encompassing
theoretical framework that can be used to guide the study of collaboration. Although
the Theory of Remote Collaboration (TORC) partly fulfills the role of the all
encompassing collaboratory theory, the broad nature of the theory makes it difficult to
apply to a specific domain “as-is”. That is why, as described in Chapter 3, a
preliminary framework of collaboration that is more specific to the biomedical field
was developed through a literature review. Yet neither of these theories is complete by
itself and neither has been verified in the field. That is why this study uses the Strauss
interpreted Grounded Theory approach in an attempt to derive a framework based on
both TORC and the preliminary framework. The use of Grounded theory firmly bases

the emerging framework in real data, while extending existing theoretical knowledge.

4.2 Qualitative Methods

Studies guided by Grounded Theory often use qualitative methods since they

enable the researcher to gain in-depth understanding of individuals, groups and settings.
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Thus far, qualitative methods have been used in various fields. They help to understand
participants and their experiences, the particular context in which participants act,
identify unanticipated phenomenon, and the process by which events and actions take
place (Maxwell 1996). The representative common forms of qualitative methods are in-
depth interviewing, observational field research, and analysis of existing

documentation in the setting.

4.2.1 Common Data Collection Methods

Interviewing

According to Denzin and Lincoln, interviewing is one of the most “common
and powerful way to understand our fellow human beings” (Denzin 1994). This is due
in part to whatever thought process that is going on in individuals’ heads is not
otherwise accessible to others. There are three basic forms of qualitative interviewing:
a) unstructured, b) semi-structured, and c) structured (Crabtree 1999; Patton 2002). The
structured interviewing approach/form starts with a set of formalized questions and
pre-determined choices of answers; therefore, it is survey-like and has very little
variability in answers. In semi-structured interviewing, the researcher is guided by a set
of questions and topics, but has no pre-formed answers he seeks. The unstructured
interviewing is by far the loosest form of interviewing. During unstructured
interviewing, the researcher takes the interview to wherever the interviewee leads
within the confines of a general topic. Each of these three forms of interviewing have
strengths and weaknesses depending on the research and the question being answered.

The interviews are typically recorded, contents de-identified, and transcribed
for analysis. Although interviews are a powerful method of collecting otherwise
difficult data, there are several weaknesses to interviewing method which might result
in erroneous results. Sources of errors include: a) respondent giving socially desirable
response instead of truth, b) confusing wording of questions resulting in answers to

wrong questions, and/or c) interviewers with flawed questioning techniques leading the
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interviewee to answer questions in a certain way (Denzin 1994). The specific methods

used in this study will be described in section 4.3.4.

Observational Fieldwork

Direct observations in the field are a rich source of data. Observational field
notes often contain some or all of the following: a) space: information about a physical
place, b) actors: people involved, c) activity: set of related acts people do, d) object:
physical objects present, €) act: actions that people do, f) event: set of related activities
that people carry out, g) time: sequencing that takes place over time, h) goal: what
people are trying to accomplish, and i) feeling: emotions felt and expressed (Crabtree
1999). There are several different ranges of observational roles, from a role of full
participation in the setting to a complete spectator, and everything else in between. The
observational notes are often typed up and their contents are used as data in the
analysis (Patton 2002).

Observational fieldwork is a powerful tool in that it gives a more objective
account of what is occurring in the field. Unlike interview data, observational data are
not clouded by participants’ points of view. Nevertheless, observational field data also
have their weaknesses. One common weakness might be that those being observed
might behave differently than under normal circumstances. It is also possible the
observer might lose objectivity due to prolonged exposure to the setting (Patton 2002).

The specific methods used in this study will be described in section 4.3.5.

Artifact Examination

Complementing interviews and observations, documents and other artifacts
associated with the setting can shed a different light into the complex environment.
Artifacts can sometimes give information about the setting that is otherwise not
possible to obtain. For example, an overall history of the organizational structure or

processes unclouded by any one participant can be glimpsed at through document
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examination. The artifacts also provide snap shots of some of the processes that occur
in the setting (Patton 2002). However, due to the static nature of artifacts, they are used
more as supporting data than as central data. They may contain data that is out of date
or incomplete and might be inconsistent with the current setting. Furthermore, the
artifacts can be difficult obtain and once obtained, it can be hard to determine what is
of interest and what is not. The specific methods used in this study will be described in

section 4.3.6.

4.2.2 Triangulation

Triangulation means employing a combination of methods, investigators,
and/or theories that complement one another to study same phenomenon or process
(Denzin 1994). The word triangulation has roots in radio triangulation where the use of
directional antennas set up at two ends of a known baseline determines the point of
origin of a radio broadcast. In qualitative research, triangulation helps researchers to
guard against research bias by drawing on a variety of data, and to gain deeper and
clearer understanding of the setting and people being studied. There are three common
types of triangulation: a) data triangulation: using multiple sources of data to study a
single setting, b) investigator triangulation: having more than one investigator involved
in the study, and c) methodological triangulation: using multiple methods to study a

single setting. The specific methods used in this study will be described in section 4.3.7.

4.2.3 Analysis
There are four general steps to analysis in qualitative research guided by
grounded theory (Bernard 1994; Strauss 1998; Patton 2002):
1. Produce data (i.e. transcripts from interviews, observations, and/or artifact
examination).

2. Identify, name, categorize and describe themes (codes) in data
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3. As themes emerge, relate themes (categories and properties) to each other
according to how they fit into the subject under query
4. Develop a central framework that ties all categories together by identifying
a core category and relating all other categories to that core
Step two, commonly called “open coding” is done at the level of each line of
transcription. Open coding is a step where the researcher carefully reads produced data
and identifies any themes (codes) associated with the study question. Step three, also
called “axial coding” is an iterative process that categorizes, re-categorizes, condenses,
and identifies relationships among the generated codes. Step four, called “selective
coding” where the identified themes and relationships are formalized toward a theory
(Strauss 1998). The specific methods used in this study will be described in section
4.3.8.

4.2.4 Trustworthiness

Internal and external validity, reliability and objectivity that are often used to
measure the dependability of quantitative research are inapplicable to qualitative
studies. Instead, qualitative research uses a slightly different, but equivalent set of
criteria to show the legitimacy of study findings. Validity in qualitative research is
trustworthiness and has its own equivalents to quantitative validity (see Table 4.1)
(Lincoln 1985). The specific methods used in this study to maintain trustworthiness

will be described in section 4.3.10.

Table 4.1

Trustworthiness in qualitative research vs. validity in quantitative research. Equivalent terms.
Qualitative Term Equivalent Quantitative Term
Credibility Internal Validity
Transferability External Validity
Dependability Reliability
Confirmability Objectivity
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Credibility

There are five common activities that increase the credibility of findings: a)
prolonged engagement, b) persistent observation, ¢) triangulation, d) member checking,
and e) peer debriefing. Prolonged engagement involves engaging in a setting for a
sufficient amount of time to learn the culture, minimize distortions, and build trust. It
provides a more in-depth view of a setting. Persistent observation occurs when a
researcher identifies and assesses relevant factors and atypical findings. Persistent
observation provides depth to the study. Triangulation, as explained above refers to
using a variety of data, methods, and/or investigators in a study. In member checking,
data, analysis and interpretations, and conclusion are presented and tested by those
from whom the data were originally collected. In peer debriefing, the researcher shares
and discusses his research process with a disinterested peer in order to gain further

objectivity of his research (Lincoln 1985; Patton 2002).

Transferability

Transferability is the qualitative equivalent to external validity and can be
achieved through “thick description”. “Thick description” provides an in-depth
description of setting and methodology involved in the study so that it can be
meaningful to outsiders. It enables other researchers to understand whether the
conclusion of the research in question can be transferred to another study.
Transferability is very different from the conventional external validity in that it does
not claim that data can be generalized to apply to multiple settings (Lincoln 1985;
Patton 2002).

Dependability
Dependability informs about the consistency and reliability of the study. It is
able to inform whether the study, if replicated with same or similar participants in a

similar context, can give repeatable findings. In order to have dependability, the study
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must take into account any factors that might lead to change in study process or
findings. Dependability can be achieved through an “audit trail” which consists of
keeping meticulous field notes and constantly comparing a variety of data (Lincoln
1985; Patton 2002).

Confirmability

Confirmability informs about the objectivity of the study. Because by nature
qualitative studies cannot be completely objective, the researcher using qualitative
methods recognizes that objectivity as an illusion. That is why qualitative researchers
do not attempt to ensure their data are free from subjectivity of the researcher. Rather,
they trust in that data can be tracked to their sources and that the logic used for analysis
is coherent. Confirmability can be best achieved through an audit trail and reflexive
journaling, a diary in which the investigator, as needed, records a variety of

information about the study and methods (Lincoln 1985; Patton 2002).

4.2.5 Qualitative Methods in Collaboratory and Biomedical Settings
Applications of Qualitative Methods in Collaboratory Settings

As described in Chapter 2.3, many of the collaboratory studies have employed
Participatory Design (PD) (Badker 1993; Muller 1993; Sumner 1997; Weng 2006) and
User Centered Design (UCD) principles (Beyer 1998; Consolvo 2002). Collaboratory
designers used these design principles because they understood that the adoption of a
system is highly impacted by the complex environment that it is to be used in.
Qualitative methods are often employed during PD and UCD because these studies
occur in complex settings. For example, UARC development was based on a number
of field visits (Olson 1998). SPARC was developed after much time spent learning
users’ work practices through field studies (Olson 2005). The use of qualitative

methods has helped designers better identify specific needs of each complex setting
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and has resulted in better adoption of the system developed. Section 4.3 will describe

how this study used qualitative methods to study two complex settings.

Applications of Qualitative Methods in Biomedical Settings

The first well known case of using qualitative methods in a biomedical setting
is described in Latour’s 1979 study of researchers in a neuroendocrinology lab at the
Salk institute (Latour 1979). Latour’s work highlighted the complex scientific setting
and shed some light on the life of scientists at work. However, Diana Forsythe was the
one who conducted pioneering work on exploring socio-technical issues in the
biomedical field (Forsythe 1992; Forsythe 1996; Forsythe 1998) . Forsythe paved the
way for social scientists to apply qualitative methods to study the complex biomedical
setting. Following in the footsteps of Forsythe, other researchers have used qualitative
methods to study system implementations and the effects of systems in the medical
settings. For example, Ash et al studied socio-technical factors surrounding
Computerized Physician Order Entry (CPOE) systems using observational fieldwork
and interviews (Ash 2003; Ash 2005). Through the use of qualitative methods they
were able to gather factors that influence successful implementation of CPOE systems.
The use of qualitative methods in other biomedical settings was also able to inform
better design and implementation of systems as well as evaluations of systems (Bartlett
2002; Bartlett 2005; Shachak 2007 prepring; Anderson in Press). Section 4.3 will
describe how this study used qualitative methods to study two complex biomedical
settings. The results described in Chapter 5 and 6 will show how the use of qualitative
methods helped to develop a framework to better support multi-institutional biomedical

collaboration.
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4.3 Study Steps

The section 4.1 and 4.2 introduced the theories and methods that were used in
this study. In this section 4.3, the steps used to conduct the actual study described in
Chapters 5 and 6 are described in detail.

4.3.1 Human Subjects

All steps of this research, recruitment, observation, interviews, and artifact
examination were approved by the Human Subjects Committee of the University of
Washington Institutional Review Board (IRB) to safeguard the rights and welfare of

human subjects.

4.3.2 Sites

Two sites (referred to as GH and TH) were chosen as sample multi-institutional
interdisciplinary biomedical collaborations (MIBC) to study. The criteria for choosing
sites were that they involve two or more institutes remotely located collaborating
together in biomedical research and involve participants from at least three different
fields.

4.3.3 Recruitment

Recruitment emails (Appendix A) were first sent to a key participant at each
site who facilitated introductions. The rest of the participants were recruited through
“snowball” sampling (Patton 2002) where each recruited participant recommended
subsequent participants to participate in the study by forwarding the recruitment email.
Initial informational interviews were scheduled with those participants who agreed to
participate. Each interviewee was given a required consent form (Appendix B) and a
brief explanation of the study prior to the actual interview process. Observation

recruitment was also done through a key participant at each site who helped to obtain
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permission to sit in at various local and phone conference meetings. Before each
observation, a brief explanation of the study was given, but the IRB did not require the

consent of each individual present during the observation.

4.3.4 Interviews

At each site, two different sets of interviews were conducted: a) informational
interviews, and b) in-depth interviews. The informational interviews were conducted to
gather overall background information of the setting to focus and guide the in-depth
interviews and to build rapport with the participants at each site. The informational
interviews were on average 15-25 minutes in length and semi-structured in nature (see
Appendix C for questions structuring the interviews). The questions were guided by the
preliminary framework developed in Chapter 3 and were initially tested with the key
participant at each site.

Ten informational interviews were done at site GH and eight informational
interviews were done at site TH. A subset of informational interviewees was contacted
to participate in the second in-depth interview. The in-depth interviews probed deeper
into the nature of the collaboration and were informed by the results of the
informational interviews. Each in-depth interview was on average 40-60 minutes in
length and semi-structured in nature (see Appendix D for questions structuring the
interviews). The questions were guided by the analysis of informational interviews (see
section 4.3.8) and by the preliminary framework developed in Chapter 3. Ten in-depth
interviews were carried out at site GH and six in-depth interviews were carried out at
site TH. Both informational and in-depth interviews were recorded using a digital
recorder (iPod with microphone extension) and transcribed to be analyzed later. The
interviews reached a saturation point (i.e. majority of themes arising from each

interview that is similar in nature) after this point.
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4.3.5 Observations

Observations of activities relevant to MIBC were performed at each site. Five
observations were carried out at GH, each averaging 50-60 minutes in length. Four of
those observations were observations of multi-site conference call meeting and one was
of a local chapter meeting. Two observations of average 60-80 minute length phone
conference meetings were carried out at TH. At each observation, a set of questions
guided field notes (Appendix E). Each set of observation notes were taken as described
in section 4.2.1 and transcribed to be analyzed later. Note taking was guided by the
preliminary framework developed in Chapter 3.

4.3.6 Artifact Examination

At each site, existing documents associated collaborative activities were
examined for their content. A total of 46 different documents were studied at GH.
These documents included: a) 5 journal articles describing the structure and
infrastructure related to GH, b) 3 collaborative process guidelines, c) 8 sets of
presentation slides on collaboration at GH, d) 26 meeting minutes and agendas
associated with collaborative activities at GH, e) 2 internal gazettes associated with
collaboration at GH, and f) 3 documents describing collaborative infrastructure. At TH,
three sets of meeting minutes and agendas associated with collaborative activities were
examined. Careful notes were taken during the examination of each document as
described in section 4.2.1 to be used in content analysis later. The artifact note taking

was guided by the preliminary framework developed in Chapter 3.

4.3.7 Triangulation
To guard against research bias, data and methodological triangulation was used
in this study as described in section 4.2.2. Multiple sites (2 field sites, see section 4.3.2)

were used as well as multiple sources of data (i.e. documents, interview transcript).
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Multiple methods were also used to study each field sites (i.e. interviewing,
observation, artifact examination). These methods were described in detail in section
4.2.

4.3.8 Analysis

The analysis of this research generally followed the common qualitative
analysis steps described above in Section 4.2.3. The informational interviews from
both GH and TH were transcribed after the first round of interviews. The potential
themes (codes) related to MIBC were initially identified on paper transcripts with open
coding. The initial open coding was guided by the preliminary framework developed in
Chapter 3. Themes related to preliminary framework as well as new emerging themes
were identified through the open coding process. The transcripts were then gathered in
ATLAS.ti analysis software (Atlas Ti) (Figure 4.1) and initial codes were repeatedly
refined through multiple readings of each transcript. The generated codes were
iteratively grouped into categories which then were further grouped into higher
categories. These initial codes and categories were then used to guide the in-depth

interview questions.
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Figure 4.1

Screenshot of Atlas.T1 interface. It shows the transcript of an interview to the left and codes/themes
associated to the right.

The preliminary analysis of informational interviews to guide more in-depth
interviews revealed both procedural and social aspects of collaborations (Appendix F).
The procedural nature of collaboration was revealed by participants talking about
different processes related to collaboration such as initiation of collaboration vs. the
research phase of collaboration. Each process had associated factors that facilitated
(facilitators) and impeded (barriers) the process. Aside from processes, there were also
many social and socio-technical issues associated with the overall collaborative process.
These issues crossed procedural boundaries and affected the collaboration as whole.
Most of the factors that contributed positively or negatively to collaboration were

social in nature (Appendix F). Social factors such as trust, existing relationships, and
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similar interest and vision helped participants overcome some of the difficulties of
MIBCs and helped participants continue their collaborative research endeavor
(Appendix F.1). Social network was used primarily to find collaborators. Incentives
such as access to more resources and expertise led the participants to be involved in the
MIBC (Appendix F.2). The barriers to collaboration were associated with distance and
differences in context. The differences in local culture, institutional practices and
funding mandates led to contextual differences. The distance created difficulties for
participants to find other collaborators or resources with MIBCs. Most of the concepts
that emerged as factors that facilitated the various processes associated MIBCs were
technical in nature. MIBCs involved a large array of tools such as email, data
repository and online resources that helped bridge the distance among collaborating
institutions.

Guided by initial themes, the in-depth interview questions were formed to tease
out the process boundaries (Appendix D) and get a more in-depth view of social issues.
The process was roughly grouped as pre-, during, and post-collaboration. For each of
the processes, the participants were asked to describe both technical and non-technical
attributes that they found helpful and aspects of the process that hindered them. They
were also asked if they had any needs associated with the collaboration. The questions
about some of the social issues associated with collaboration such as trust were
interspersed throughout the interviews.

After all the data were collected, the transcriptions of all the interviews,
observational notes, and artifact notes were gathered and any themes relevant to MIBC
were initially identified on paper transcripts. Any concept that was related to
preliminary framework or to the processes of MIBCs was identified as a relevant theme.
The data transcripts were then gathered in ATLAS.ti analysis software and the
codes/themes arising from observational and artifact transcripts were iteratively refined.
Three different sources of data were used to determine whether a certain theme should

be included into a final code set. Themes that were mentioned in less than three
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separate sources of data were excluded from the final code set. Each interview
participant was counted as a separate source of data. The resulting codes/themes and
categories from all data sources were combined afterwards (Appendix G). These
themes are described in detail in Chapter 5 and Chapter 6.

The final codes (see individual codes in Appendix G) were loosely categorized
into different groups based on their naturally emerging similarities and preliminary
framework. For example, themes face-to-face meetings, phone, and email were
grouped into a communication process because most participants mentioned them
together as methods of communication during the interviews and preliminary
framework also contained communication as a collaborative process. Each group was
refined by iterative examination of raw data and preliminary framework.

After few iterations, an initial version of framework (Appendix H.1) was built
by classifying different groups of codes along the collaborative project timeline. The
social and socio-technical issues were shown to influence the entire collaborative
project cycle. In the initial framework, many processes were classified as pre- and
during collaboration and no processes were really classified into post-collaboration.
After several more iterations, the second version of the framework (Appendix H.2)
removed the post-project timeline and grouped all the process categories into pre and
during collaborative research with surrounding social and socio-technical issues.
Although the second version of the framework better characterized MIBCs, many of
the processes didn’t fit wholly into the process timeline (i.e. just into pre- or during
collaborative process). For example, the communication process happened most during
collaboration, but also had to happen pre- and post- collaborative project. After many
more iterations, the third version of the framework (Appendix H.3) discarded the idea
of a timeline, but grouped the processes into core processes that needed to occur
throughout the collaboration with surrounding social and socio-technical issues. The
significance of the biomedical nature of MIBCs was also highlighted as along with

external factors such as funding. The final framework was developed after more
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iterations and is described in detail in Chapter 5 Section 2 (general overview), Chapter

6 (in-depth description of core processes), and Chapter 7, Section 1.1 (framework).

4.3.9 Inter-coder Check
The resulting preliminary framework of MIBC (Appendix H.3), and associated

categories and codes (Appendix G) along with a random subset of transcribed
interviews were given to two graduate students with experience in qualitative analysis.
Each student received three transcripts from site GH and two from site TH. Only one
identical GH transcript was given to both students. During an initial meeting, the
preliminary framework, categories and codes were explained. Then the graduate
students were asked to code the transcripts using the given codes and categories and
note the following: a) any new emerging themes related to domain of multi-
institutional collaboration, b) unclear codes and categories, and ¢) any other issues of
note.

In subsequent meetings, the three coders met to discuss the codes. The GH
transcript coded by all three coders was first discussed in detail. Each code associated
with transcript passages was compared and discussed. When conflicts arose, they were
either resolved through group discussion or the code in question was refined. The rest
of the GH and TH transcripts were discussed individually with the coders and the same
method of resolving conflicts was applied. The overall analysis approach was refined
according to the discussions and led to the final results described in detail in Chapters 5
and 6.

4.3.10 Trustworthiness

This research rigorously followed the steps recommended by Lincoln and Guba
(Lincoln 1985) as described in Section 4.2.4 to ensure trustworthiness of the study. The
steps implemented were:

a. To ensure credibility:
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o All interview questions were pre-tested.

o Data were gathered through prolonged engagement in the field.

o The observer engaged in rigorous note taking.

o The research used triangulation of methods (observations, interviews,
artifact examination)

o The interviewer used member checking during interview process.

b. To ensure transferability:

o “Thick description” was provided of methods and theory used in the

research so that findings can be compared with other research
c. To ensure dependability:

o An “audit trail” was used. The “audit trail” consisted of the researcher
keeping scrupulous observation field notes and constantly comparing them
with other types of collected data for consistency. Furthermore, to ensure
accuracy of interview data, interviews were audio-recorded and inter-coder
checks of the analysis were conducted as described in Section 4.3.7.

d. To ensure confirmability:
o The researcher reflected throughout the research period on the research

process, method and data.

4.4, Summary

This chapter describes theories and methods used to approach the in-depth
study of MIBCs as well as the analysis steps and validity methods used to check the
obtained data. As described in Section 4.1 this study has theoretical base in grounded
theory and the preliminary framework described in Chapter 3. Qualitative methods
such as interviews, observations, and artifact examination were used to collect data. To
increase trustworthiness of the study, well known methods such as triangulation and
inter-coder analysis were used (for full list please see Section 4.3.8). This study is one

of the first studies to broadly use qualitative methods to characterize large complex



76

collaborative settings in the biomedical field. The field study described in this chapter
validates the Preliminary Framework developed in Chapter in the context. This is
different from TORC in that TORC is based on survey results while this study builds
theory from the field data. The result of this study illustrates that the use of qualitative
methods is a valid and practical approach to inform system design and development of
theory to describe a complex environment. Chapters 5 and 6 will give a detailed

account of the result of the study.
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Chapter 5: Characteristics of Biomedical Research
Collaborations

The first step to addressing the question posed in Chapter 1, “How can
biomedical informatics best support current multi-institutional, interdisciplinary
biomedical collaboration?” is to gain a thorough understanding of what Multi-
institutional Interdisciplinary Biomedical Collaboration (MIBC) is (see Chapter 1,
Section 3). It would be impossible to support something without knowing what is being
supported. As described in Chapters 2 and 3, collaboration in general has been studied
extensively. Yet little research exists that describes specifically biomedical
collaboration and still less research exists that describes MIBC and none that look at it
from a biomedical informatics perspective. The reason for this gap in research
(mentioned in Chapter 1 Section 2) is partly due to the fact that the large effort invested
in forming MIBCs has been a relatively recent event. The effort has been largely driven
by funding agencies that have recognized MIBCs as a solution to solving complex
research questions (NIH roadmap).

This study bridges the gap in knowledge of MIBCs by describing some of the
fundamental characteristics of MIBC that emerged from the contextual field study
described in Chapter 4. Chapter 5 starts with the descriptions of two MIBCs under
study and their members, and the similarities and differences between two sites are
described in Section 5.1. Then in Section 5.2.1, all the core activities and processes that
are associated with MIBCs are introduced. Although not part of the core collaborative
activities, social and technical issues that influence overall collaboration are discussed
in Section 5.2.2. The detailed description of methods (observations, interviews, and
artifact examination) that were used to conduct the contextual study of two MIBCs is
in Chapter 4 as well as the stages of development of the framework (see also Appendix
F, G, and H).
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5.1 Context
5.1.1 MIBC 1: GH
GH Structure

GH is a non-academic research institution that is a member of a large loosely
federated Research Network (Figure 1) of institutions where membership is voluntary.
An institution is the smallest unit within the Research Network that contains its own
separate IRB, a defined location, a single goal and vision, and a set of researchers
belonging to that unit. The Research Network has a governing board that only makes
membership decisions and has no formal funding mechanism or legal status tied to it;
however, the member institutions have a common unwritten code of conduct. The
Research Network was formed for the purpose of attaching a unified identity to
existing collaborative efforts and to gain a better competitive edge for funding. Even
before the formation of a formal Research Network, many multi-institutional
collaborative projects already existed among the member institutions of the Research
Network.

Various subsets of institutions within the Research Network are involved in a
number of multi-institutional collaborative projects funded by various funding
agencies; however, only one institution within each multi-institutional collaborative
project is the lead institution for that project. Multi-institutional collaborative projects
have goals and set agendas which are overseen by a committee composed of a subset of
investigators from member institutions. Each of the multi-institutional collaborative
projects also has multiple sub-collaborative projects associated with it. Some of the
multi-institutional collaborative projects work together closely while others do not.

Currently, GH is part of several multi-institutional collaborative projects with
other institutions within the Research Network and outside. These projects are all tied
to different funding mechanisms. Each of these multi-institutional collaborative
projects has a different research goals and infrastructure due to their separate funding.

Because an institution is a single contained unit within the Research Network,



researchers at GH must first get approval from GH before participating in any

collaborative project even within the Research Network.
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Figure 5.1
GH and the Research Network of institutions. Each of the dots represents an institution involved in the
Research Network that is collaborating together.

GH Participants

The participants at GH were comprised of investigators, researchers, project
managers, and IT specialists (see Table 5.1 for details). The majority, especially
investigators, had backgrounds in health-related fields or in medicine and had post-
graduate degrees. The majority of the participants have also worked at GH for many
years although not necessarily within the same collaborative projects. Many of the
participants identified themselves as health researchers and also identified with the
goals of GH. Most participants were involved in multiple collaborative projects

associated with the Research Network and had affiliated appointments outside GH.



Table 5.1

Descriptions of GH investigators whose interview data was used in this Chapter.

Investigator

Description

Gl

G1 is an investigator who’s been with GH for over 3 years. Because he is a
medical doctor, not a PhD, he believes brings different perspective to GH
research. He is involved in several collaborative projects at GH. One of his
primary research interests is in facilitating collaboration within the greater
GH network from the infrastructure stand point. He calls himself a
“facilitator”.

G2

G2 is an investigator who has been with GH for over 10 years. He became
involved with GH due to a research assistant position he had during his PhD.
He is involved in several collaborative projects at GH. His primary research
interest is in health economics.

G3

G3 is an investigator who has been with GH for over 6 years. He is a medical
doctor who has training in internal medicine and has a Master’s degree in
Public Health. He had been a faculty member and a researcher at a university
and has worked with GH for about 20 years. He is currently involved in
several collaborative projects at GH.

G4

G4 is an assistant scientific investigator who was a trained pharmacist for
over 8 years. After getting her Master’s and PhD, she came to work for GH.
She is involved in several collaborative projects and has primary interest in
pharmaco-based research at GH. She also teaches and mentors graduate
students part time.

G5

G5 has worked as a project manager for over 4 years and recently changed
her role to become a research scientist. She has a Master’s in Public Health
and works on several collaborative projects at GH. Due to her past role as a
project manager, liaison and coordinator, her current research interest is in
better facilitating multi-site research.

G6

G6 became involved with GH in the 90s and worked as a project manager
from 1997 until 2001. Afier a 2- year break, she came back to work as a
project manager for several multi-site collaborative projects.

G7

G7 is a project manager for several multi-site projects and has worked for GH
for over a year. She has a Master’s in Public Health and had managed clinical
research project after her graduate work. She believes that a position of
project manager for multi-site research needs a lot of experience in many
areas such as having prior experience in multi-site research and in aspects of
business management.

G8

G8 has woked at GH for over 11 years, first as an assistant investigator and
then an investigator. She has her doctoral training in breast cancer and works
in a similar field at GH. She plays various roles in several multi-site
collaborative projects at GH.

Gl1

G11 is a programmer who has been working at GH for over 20 years. He is
involved in many collaborative projects. He observes that over the years the
circle of what GH considered “in-group”, insider and therefore can be trusted,
has grown significantly to include other institutions and universities.

80
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5.1.2 MIBC 2: TH
TH Structure

TH is an academic collaboration that evolved from a single collaborative
project at an institution in Missouri. TH gradually became a multi-institutional
collaboration as the original members of the team moved to different locations. Now
the participants of TH are located at 4 different states and at an international site. TH

has several different collaborative projects that were initiated by different investigators
within TH.

Figure 5.2
Each of the dots represents an institution involved in TH (4 institutions located in the United States and 1
institution in England).
TH Participants
TH has total of 11 members composed of investigators, researchers, and

research assistants (See Table 5.2 for details). The participants at TH have various
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backgrounds: nursing, social work, informatics, and communications. Every participant
at TH is working on multiple projects, but within the same area of research and funding.

Each investigator has a different role depending on the project.

Table 5.2

Description of TH investigators whose interview data was directly quoted in this chapter.
Investigator Description
T1 T1 is an investigator and one of the founding members of the TH

collaboration which started in 2002. Since 2007, he has relocated to a
university in WA and works remotely from the main TH site. His field of
interest is in using information technology to support patient comfort. He is
involved in various collaborative projects within TH.

T2 T2 is a principal investigator and formerly a graduate student associate of TH.
She has a PhD in nursing and informatics and was brought into group by T1
through mentorship. T2 has recently moved to another university and works
remotely from the main group. She is involved in various collaborative
projects within TH.

T3 T3 is an investigator and has been involved with TH for over 3 years. Her
primary field of interest is in communication. She was brought into the group
by T4 due to her expertise. She has, from the beginning of the collaboration,
worked remotely from the main group.

T4 T4 is an investigator and one of the founding members of the TH
collaboration. She started collaborating with T1 because their work
complemented and they had similar research goals. For the last five years, she
and T1 have recruited many other members to the TH collaboration. She has
a PhD in sociology and is involved in various collaborative projects within
TH.

T6 T6 is a researcher who collaborates with TH outside the U.S. Initially she
became locally involved with the group due to her nursing background and
common research interest with T1 and T4. She has had to return to the UK,
but has maintained her role as part of the TH group. She is currently
involved in several collaborative projects at TH.

T7 T7 is a research assistant in TH. She has an undergraduate degree in biology
and a Master’s in Social Work. She claims to be a “social worker”. She was
in the social work field for 5 years before deciding to come back to school
and by chance, through T4, got involved with TH.

5.1.3 GH vs. TH: Similarities and Differences
One of the major differences between GH and TH is that TH is an academic
collaboration while GH is a non-academic collaboration. Being an academic

collaboration that originally started in a single institution, TH is much smaller in size,
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effectively only one collaborative team functioning as an umbrella over several
collaborative projects. On the other hand, GH is an institution involved in multiple
large collaborations with sub-collaborative projects that occur among other institutions.
Nevertheless, although GH and TH are different in size and in nature of collaboration,
there are also many similarities. Both GH and TH are multi-institutional
interdisciplinary collaborations, involving investigators from various fields. Even
though one is non-academic and the other academic, both GH and TH largely depended
on federal funding for their research. Furthermore, both conduct research in the
biomedical field. Due to similarities in funding and the common research area, a lot of

commonalities in terms of research practices were discovered.

5.2 Internal Characteristics of MIBC

Many activities, processes, and issues that are integral to multi-institutional
interdisciplinary biomedical collaborations (MIBCs) emerged from the analysis of
contextual field data. In this section, these characteristics are categorized into two large
groups: a) core collaborative activities and processes: factors that are integral to daily
operation and maintenance of collaboration and its projects, and b) social and socio-
technical issues surrounding overall collaboration: factors that influence overall
collaboration although are not daily processes required to keep collaborative projects

going (Figure 5.3).
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Figure 5.3

The characteristics of multi-institutional interdisciplinary biomedical collaboration. The yellow squares
represent top most categories (internal and external factors). The blue square represents social and socio-
technical factors that affect overall collaboration. The pink square represents the core collaborative
processes and activities with each process represented by a red oval.

5.2.1 Core Collaborative Processes and Activities

Core collaborative processes and activities are those that are integral from the
beginning to the end of the lifecycle of collaboration. These activities and processes
can be broken down into 5 large groups: a) data, b) regulatory, ¢) communication, d)
administrative, and e) resources/collaborator location (see Figure 3, inside pink
rectangle). The factors related to data and regulatory processes are of particular
importance to biomedical collaborations due to the unique nature of biomedical
research having to deal with sensitive data. These processes have not previously been
stressed as of great importance in collaborative studies done in other fields. Biomedical

collaborations nevertheless have characteristics that are similar to other collaborations
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that have been studied extensively. Despite differences in focus and the nature of
research, biomedical collaborations are still all collaborations among researchers in the
pursuit of knowledge. Hence, many common characteristics of collaboration exist
across research fields. The activities and processes introduced in this section will be

further broken down and discussed in detail in Chapter 6.

5.2.1.1 Characteristics Particularly Important to Biomedical Collaboration

Among these categories of core collaborative processes and activities, data and
regulatory-related activities are of particular importance to biomedical collaborations.
These two activities are tightly coupled together since biomedical collaborations often
deal with health-related data that is highly regulated. Due to their sensitive nature, the
health-related data are highly regulated at every level. Both MIBCs were keenly aware
of this and had processes in place to ensure data protection. Since data are highly
important to biomedical collaboration and essential to being able to answer research
questions, there is no collaborative project that does not have some need to share data.
The importance of data processes to biomedical collaboration was noted in the
preliminary framework described in Chapter 3, Section 2 and Table 3.1. Although not
specifically mentioned, regulatory processes are also related to security structures
(described in Chapter 3, Section 2 as a factor also particularly important to biomedical
collaboration) since they both deal with the protection of sensitive data. These themes
that emerged during the development of the preliminary framework emerged again
during the field study described in Chapter 4, Section 3.

The data-related and regulatory-related processes presented in this section were
not mentioned in TORC, the general theory of collaboration. Since data important to
biomedical research, the context-specific Preliminary Framework developed in Chapter
3 included data-related processes as a part of the framework. However, field study not
only discovered data-related processes, but regulatory-related processes as an important

part of biomedical collaboration.
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Data-related Processes

The data-related processes and activities occur before, during, and after a
collaborative project. Before starting a new collaborative project, researchers often
have to analyze preliminary data to better formulate research questions. Throughout the
collaborative project, data are generated, analyzed, and shared among collaborators.
Even after a project is completed, data are often revisited for further analysis or used
for follow up project ideas. When asked to describe some of the daily collaborative
activities, the participants at both MIBCs mentioned several data related processes.

One of the most notable data-related processes was related to security. The
participants at both TH and GH were well aware of the importance of keeping data
private and secure. Investigator T1 at TH mentioned that even during private phone
conferences, his group has a policy never to discuss any research subject by name,
thereby protecting the anonymity of their subjects:

“We have policy anyway not to discuss patient by their names. So you

make hear things like subject number blah blah blah, but we don’t use

patient identifying info during these calls...”

Investigator G2 readily described security protocols they have at GH to protect data
during transfer. Even though data was already de-identified, GH took further care to
transfer them securely:
“And then when the data is transferred, what we re transferring is the
de-identified, anonymized data through secure web transfers so...”

When asked to describe tools that are used during data-related process,
investigator G1 described a custom-built data warehouse technology that exists at GH
to facilitate data sharing:

“So if we get the grant, which is likely, will use combination of virtual
data warehouse, develop some of our own variables and we will ship
those through, back and forth, de-identified, through secure file transfer

protocols and...that’s it.”
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Although investigators at TH did not have a sophisticated technology such as a custom-
built data warehouse, they still had a tool to store data. Investigator T4 at TH
mentioned an off-the-shelf technology, Sharepoint that they utilize as a data storage
tool:

“Uh, we consistently use, a joint website where we store data, a

sharepoint website, so we can all have access to that very different

documents, data, etc.”

During observations of both local GH and national GH meetings, data-related
processes such as data sharing and tools that aid the process such as warehouses, were
often mentioned (see examples of observation notes in Figure 5.4). The artifacts
examined also revealed many data processes that exist within GH such as data
collection, data definition, and data aggregation (see examples of artifacts in Figure

5.5).
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Sample observation notes showing data related processes.
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Figure 5.5
Sample artifacts displaying data related processes.

The field study revealed many data related processes such as data security
protocols and data sharing. Also associated with the processes were tools that facilitate
the processes such as data warehouses and data transfer tools. The data-related process
is one of the five main processes that occur during MIBC and will be further analyzed

and described in detail in Chapter 6 Section 1.

Regulatory-related Processes

The regulatory process must be in place at every level of collaborative research
to meet federal and institutional standards. Before any project begins, an institutional
regulatory board must ensure that the research about to be conducted is done properly.
Through the research process, the process approved by the institutional review board
(IRB) must be closely monitored and followed. Although not specifically asked about,
the most frequently mentioned processes that exist within MIBC are regulatory-related

processes, especially those that involve institutional review boards (IRBs).
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In regards to regulatory process, investigator G3 at GH described the IRB

process and the security consciousness that exist within GH:
“We have IRBs and the...just very high level of security consciousness

here.”
The investigator T1 at TH also similarly described the regulatory process at TH in
association with IRB :

“...we never could control who come in and out of the room. IRB is

signed, but we will not be using identifying information so...”
Although they are members of two separate collaborations, the importance of the IRB
process to each collaboration can easily be understood from their descriptions.

Regulatory-related processes, such as IRB, were also frequently mentioned
during observation sessions (see sample observation notes in Figure 5.6). Since the
institutional review board is involved in every step of the research process, it is not
surprising that each observation session of a meeting had at least one mention of the
IRB process. The artifacts examined also revealed a similar trend in regards to
references to IRB processes (see sample artifacts in Figure 5.7). Examined artifacts of
various kinds (i.e. meeting notes, agendas, guidelines) describe various aspects of the

IRB process.
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Sample observation notes with references to regulatory processes.
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The results of the field study indicate the importance of regulatory processes to
the collaborative research process. As one of the five main processes occurring in
MIBC, regulatory process must be studied and supported. The regulatory process will
be further analyzed and described in detail in Chapter 6 Section 2.

5.2.1.2 Characteristics Important to Any Collaboration

Of all the core collaborative activities and processes that emerged from the field
data, several categories can be seen as important to any collaborative effort. They are:
a) finding collaborators/resources, b) communication, and ¢) administrative processes
that support the collaborative project. These categories of processes have been studied
extensively in fields ourside biomedicine (Finholt 2003; Olson 2005), but not
specifically by the biomedical informatics community. The preliminary framework in
Chapter 3, Section 2.1 described general concepts associated with any collaboration.
Although organized and grouped differently, these themes were established and
confirmed during the field study described in Chapter 4, Section 3. The field study
revealed that communication (described as the nature of remote communication and
communication technology in the preliminary framework) and administrative processes
(described as common workspace and coordination tools to bridge distances) occur
regularly in both MIBCs. The field study, however, revealed that data processes are
tightly connected and are best grouped as one entity, instead of separate pieces as
described in the preliminary framework (i.e. in section 5.2.1.1. described the following
data processes: data sharing and management, data integration and analysis, data

standards, and data provenance).

Communication
Communication occurs throughout the lifecycle of collaborative projects.
Communication can include anything from discussing initial project ideas to regular

discussions of research progress during the project period. Essentially, without
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communication, no collaborative project can start or proceed. Many mechanisms of
communication exist throughout collaboration. The participants of both of MIBCs
mentioned three general categories of communication mechanisms: a) asynchronous
communication such as email, b) synchronous communication via technology such as
phone, and c) synchronous communication without medium such as face-to-face
meetings.

When asked what are some mechanisms used to communicate during
collaboration, investigator G1 at GH said the two most frequently used methods were
email and phone:

“We have telephone, cell phone, word documents and emails...”
Investigator T2 at TH had a similar response to that same question:

“...we do really low tech things like telephone, um, for conference

calls...”

Although phone and email are used most frequently, communication without tools such
as face-to-face meetings is also often mentioned. Investigator G4 at GH described
frequent face-to-face meetings that occur at GH:

“The research network meets once a year, and we often have group

meetings, we do have group meetings...”’

Researcher T4 at TH describes the frequency of face-to-face meetings at TH:

“...we meet at least four times a year face to face, um...at conferences

or at one site or the other.”

The existence of email and phone communication were also seen during
observations (see sample observation notes in Figure 5.8) and in artifacts examined

(see sample artifacts in Figure 5.9).
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Sample observation notes displaying references to phone communications.
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Sample artifacts displaying references to email communications.
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The results of the field study reveal many communication related technologies

such as electronic mail and phone. As one of the five main processes occurring in

MIBC, the communication processes must be studied and the technology necessary to
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facilitate communication must be supported. Data processes will be further analyzed

and described in detail in Chapter 6, Section 3.

Administrative

Administrative processes, like communication processes, affect the entire
lifecycle of the collaborative process. Essentially, these are day to day activities that
really tie the entire collaborative project together and keep it moving. Administrative
activities involve anything from coordinating schedules to disseminating information.
Most commonly mentioned administrative processes are schedule coordination and
agenda setting.

Project manager G7 at GH mentioned that GH has numerous meetings
involving various committees and they all have regular set schedules to accommodate
investigators’ schedule:

“...we have set schedules for all these committee meetings and they all
interrelate, um...”
Researcher T4 at TH mentioned regularly scheduled meetings at TH:

“Regular scheduled meeting times, um, with a scheduled agenda.”

This participant also mentioned that at each meeting there was a set agendas associated
with appropriate project milestones:
“He’ll make an agenda and I will make an agenda and we’ll go over

both persons’ agenda.”

Less frequently mentioned administrative activities include information
distribution and the standardization of processes. Throughout the lifecycle of a
collaborative project, a great deal of information regarding the project needs to be
distributed among the investigators. Project manager G7 at GH mentioned how such
information is often distributed through online technologies:

“I have a general list, I have a distribution list of people of committee

members, site Pls, and I've asked those site Pls have over the time to
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include people that want to know about opportunities, general
opportunities...” |
Some of the processes involved in collaborative projects are repetitive and needs to be
performed often. Project manager G6 at GH mentioned that there are some
standardized guidelines in place for such processes:
“...trying to come up with best practice...a lot of this is best practices,

guidelines...they re not standard operating procedures, so they have to

be...”

Various administrative processes that exist in collaboration were also seen
during observations (see sample observation notes in Figure 5.10). The meetings
always started with agenda and at a set time. The artifacts also show that the use of

agendas, meetings, and calendar schedules are prevalent throughout the collaborative

process (see sample artifacts in Figure 5.11).
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Sample observation notes with references to agendas.
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Sample artifacts illustrating agendas and scheduling.

The field study brings to our attention many administrative processes such as
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schedule coordination and information distribution. As one of the five main processes

occurring in MIBCs, administrative processes must be recognized as important,

supported as part of collaboration and studied in depth. Administrative processes will

be further analyzed and described in detail in Chapter 6, Section 4.

Finding Resources and Collaborators

Usually collaborative projects begin with either an interested and idea of a

investigator or a funding initiative. However, before any collaborative project can start

investigators first need to find resources for the project and other collaborators. The
resources are usually data that needs to be obtained for preliminary analysis. Other

collaborators are investigators from various fields that need to be contacted to form a

collaboration.
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When asked what is involved in starting a collaborative project, investigator G2

at GH mentioned the importance of existing relationships in finding collaborators:
“So people who are doing research in these...we all know each other.

So if you have an interesting question, you call up somebody and say,

hey Tom, you want to work on this thing.”

Investigator T4 at TH mentioned that when looking for collaborators he often first
asked researchers he knew and trusted:

“I just send email out to everybody and say hey anybody know anybody

or ask around at your place to see if we can gather a name...”

Often, investigators began collaborative projects in collaboration with researchers they
already knew. If they could not find appropriate investigators they already knew to
work with, they then sought referrals.

Existing relationships, however, were not the only means of finding
collaborators. Researcher G5 at GH mentioned that online resources are also used to
find collaborators:

“He is on our website. He is the contact person, so that’s the point of

entry.”

Investigators also used online resources to find out more about the collaborators they
might work with. Research assistant T7 at TH thought it was important to find out
more about compatibility of future collaborators. She often did so through online
resources:

“...they have their CVs online and their interest and so certainly find

out more about the people that I want to collaborate with, um...”

The results of the field study show finding collaborators and resources as one
of the main processes of MIBC. Thus, biomedical informatics, in order to facilitate
collaboration must find ways to facilitate finding collaborators and resources. Chapter

6, Section 5 discusses this process further.
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5.2.2 Socio-technical Factors Surrounding Collaborations

The preliminary framework of collaboration in Chapter 3 introduced some of
the social factors that are associated with various collaborative processes. In the
preliminary framework, the social factors were interspersed across various
collaborative categories. The field study data also supports this trend. Unlike many of
the concepts that were in some way directly related to a specific collaborative process,
the concepts in this section are overarching to the whole collaboration and not
associated with any specific activities or processes. These social and socio-technical
factors affect all aspects of collaboration and were thus grouped together.

These social and socio-technical factors are discussed here to give a complete
description of all the factors associated with biomedical collaboration that emerged
from the study. These factors however, will not be discussed in further detail because
they are not factors that the biomedical informatics community in general can tackle
and alleviate due to their social nature. Yet the biomedical informatics community
must still be aware of these factors if they are to build technology to help alleviate

some of the difficulties associated with collaboration.

Developed Relationships, Trust

The investigators in both MIBCs expressed that developed relationships and
trust are an integral part of collaboration. When asked for some of the important
aspects of collaboration, many participants spoke of how close relationships among
researchers are important in maintaining collaboration and forming new collaborative
projects. Relationships build trust, understanding, and respect for one another, all of
which are also important for success in collaboration.

Investigator G1 at GH mentioned that without shared interests and relationships,
collaboration cannot exist:

“Um...s0, that, in personal kind of collaboration, is critical. We talk to

people in the network, why do people collaborate? It’s because um,
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because of shared interest and relationship, in a nutshell. If you don’t
have that, you don'’t collaborate, or ways to support that.”
Investigator G2 at GH also voiced a similar opinion. Trust that has been developed in
a long-term existing relationships enables researchers to embark on collaboration
without fear:
“...but in my opinion, it’s the strength of individual relationship...the
sense of trust ad long term commitment...so we did over time...”
Project manager G6 at GH described that the investigators she sees being involved in
collaborative projects often have pre-existing relationships:
“People who ’re into do this kind of research are really developed
relationship with people in other institutions who are doing the same
type of research.”
Existing working relationships were also important to the investigators at TH.
Investigator T3 at TH described that the reason their collaboration was able to continue
as long as it had was due to good working relationships:
“...for me, technology supplements, what it already a good working
relationship. Because I've had other collaborative projects where that
was it. That was it. We did one project and no more. And that was
because...and that wasn’t because technology failed us. It was because
of the personal dynamics.”
Researcher T4 at TH expressed that in addition to formal working relationships, the
informal personal relationships with collaborators were also important:
“we just have a lot of fun and I think all of us would say that we are
friends on top of everything else and the other thing that I think is very

much the key is that we all pretty much have same work ethic.”
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Common Ground

The expression “common ground” can have many meanings. It can refer to all
of the following: having a common goal or vision, like-mindedness, shared interest,
common work style, and/or matching personality. Common ground fosters
collaborative spirit among researchers by becoming the connection between people
who often have disparate backgrounds. When asked what enables the continuation of
collaboration, the most frequently mentioned factor was various aspects of common
ground and how they fosters collaboration and enable it to continue.

Investigator G1 at GH mentioned that common research goals and a like-
minded spirit helps people to collaborate:

“Maybe the nature of research that we do helps us collaborate. We

definitely have lot of like minded spirit...”
Investigator G2 at GH spoke of a common vision:

“I think in 10, 15 years, people are saying...we all work together, we

have a common vision of how we should do work and we also work in

these environments by choice...So they have a collective common

vision.”
Researcher G5 at GH directly mentioned common ground and its relationship to trust:

“I think the first thing is finding common ground and trust out of

gate...”
The TH participants also expressed similar opinions in regards to a common vision.
Investigator T1 at TH spoke of work styles and work ethic as a key to working well
together as well as a desire for interdisciplinary research holding collaborators
together:

“...key factor is the, we have the similar objectives and similar work

style and similar work ethic so we, all the team members, want to grow,

and we want to, um, you know, first of all we all want to do
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interdisciplinary approach so none of us wants to work just with our

own discipline and we have working style match...”
Common ground is an important cornerstone on which participants build to develop
relationships which lead to trust and collaborative spirit, both of which are important to

collaboration.

Contextual Differences

Collaboration connects various investigators and institutions together. However,
the institutions and investigators involved all have differences and that makes
successful collaboration more difficult. The institutions have organizational and
cultural differences. The investigators have differences in their backgrounds and
research interests. Such contextual differences were one of the most frequently
mentioned barriers or difficulties that participants faced during collaboration.

Researcher G5 at GH spoke of the institutional differences within GH and how
they posed barriers to collaboration:

“...some of them are very large and have a very well developed

research programs and some of them are newer, their research

programs are less mature, their investigator pool is smaller so there’s a

capacity difference across the sites that really plays into how we

collaborate, I think.”
Project manager G6 at GH mentioned that the biggest challenge is institutional
differences:

“...University, medical centers, technology, like M, primary care, and

others Cooperative, stand alone, but everybody’s different, that’s the

biggest challenge...everybody’s different.”
Investigator T3 at TH described the difficulties she faced when she moved from one

institution to another due to the institutional differences in technology:
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“...one problem I come across in this university is that they would not

allow me to have that on my desktop, and that was the way this group

communicated so I had to very quickly figure out a way around that...”
Contextual differences can result in strained relationships among institutions and/or
researchers due to differences in work practices and opinions; therefore, it can be a
serious threat to collaboration. Although a difficult task, contextual differences must be

reconciled if any meaningful collaboration is to occur.

Incentives for Collaboration

Collaborative projects are often motivated by incentives such as having a better
competitive edge for funding as a result of pooling resources, or having access to better
data or expertise through collaboration. Without some incentive, it is much harder to
overcome the difficulties of collaboration such as contextual differences. When asked
what some facilitators of collaboration are, the participants mentioned many different
kinds of incentives and how lack of incentives can sometimes prevent collaborative
projects from forming.

Some of the incentives mentioned were: better idea generation through multiple
perspectives, varied expertise, and synergy. Investigator G1 at GH described one
institution within GH that rarely participated in collaborative projects because it had
little incentive to do so:

“Some studies don’t have to have multi site studies since those are huge

sites, KPSC has millions people and they don’t need multi studies for a

lot of their work...often, organizational structure and efficiency for

doing multi site studies with smaller, those folks...they don’t have much

incentive. That's my impression anyway.”

Project manager G6 at GH described intellectual synergy as one of the incentives and

discussed how many investigators valued it:
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“...some people are really bought into collegiality and kind of

intellectual energy that can happen when you get a whole bunch of

really smart people in a room together and people that really

understand the values of that. Great...when you have that.”
According to a research assistant T7 at TH, an opportunity to have different ideas was
mentioned as one of the incentives collaboration provided:

“So collaborating has really given us opportunity to have different ideas,

but also kind of brought, I don’t want to say credibility, but recognition

of other profession.”
Without some of the incentives mentioned, formation of collaborations would suffer
since researchers would find very little reason to collaborate. The advantages of

collaboration must outweigh the difficulties associated with it.

Willingness to Collaborate
Often those involved in collaboration, whether they are individual investigators
or institutions, are protective of their own work and resources such as data. This
protective nature often makes them unwilling to collaborate and share. Many
participants acknowledged that unwillingness to collaborate was one of the difficulties
they faced during collaboration.
Investigator G3 at GH described that people often are not willing to share and
collaborate:
“People tend to be very tribal you know...my way or the highway. And
to create shared systems, a lot of ours is collaborative you have to share
rights and responsibilities with people from other...”
According to a programmer G11 at GH, people often resisted sharing because they felt
threatened:
“We put this together and yet there is a lot of resistance on part of

investigators because it allows people at other sites to see data at their



104

site even though it is just summary data. That’s the whole turfissue

again...Our problem is getting the users to not be afraid of sharing and

turf stuff.”

Investigator T6 at TH thought willingness to be open to collaboration was
important for starting and maintaining collaborative projects. He felt that collaboration
is not something that can be forced and it is a concept that needs to be in the minds of
researchers before having to be part of it:

“I don’t think you can force people, that you must

collaborate...somehow the collaborative must form naturally and

something has to hold them together.”

Willingness to collaborate is one of the key ingredients in collaboration.
Without willingness, no researcher will work with another and collaboration cannot
form. Yet it is important to note that unwillingness can occur even when collaboration
has already formed. Being able to manage unwillingness within collaboration is an

important activity.

Time Consuming, A Lot of Work

MIBCs are often time consuming and require a lot of effort and work compared
to non-collaborative research or collaborations within a single institution. The more
institutions and/or researchers are involved, the more time consuming the project
becomes because it has to reconcile institutional-specific processes or researcher-
specific practices and differences in backgrounds.

When asked what some of the difficult aspects of collaboration are, investigator
G1 at GH mentioned timelines and the amount of work involved in collaborative
projects:

“...all of them have different forms, timeline, different consent forms,

and you end up...if you want to please everybody, you end up with a
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different project, different sites and then you don’t have a multi site

study ...makes your timeline difficult.”
Project manager G6 at GH described that often investigators do not wish to be involved
in collaborative projects due to all hassle they have to go through:

“...collaborative research is some people don’t want to do because of

the hassle, so much more difficult to do even a two site study than one

site study. You know, I mean really. Some people it’s just not worth the

hassle for them...”

Having to put in extra time and effort is a big disincentive for researchers who
might otherwise be willing to participate in collaboration. Ways to reduce the
additional effort and time required for collaborative research should be researched.

Chapter 7, Section 4.2 briefly describes one way to help researchers save time.

Unnecessary Technology

Technology without need and technology that does not support the actual
process of collaboration was not only unused, but sometimes made collaborative
processes more difficult. Unnecessary technology was mentioned as one of the barriers
to collaboration especially because it often wasted already limited resources.
Investigator G2 at GH described a situation where much time and resources were
wasted on technology that was not useful:

“... fundamentally a bad approach to a whole thing. It was under
resourced, you had a group of people that had a vision that they didn’t
allow to be informed by needs that changed over time and we spent, my
Seeling is that, all the money spent on that website was
wasted...however many thousands of dollars wasted.”

Investigator G3 at GH described how tools that were not useful were seldom used:

“...we built a whole bunch of website and they tend not to be used very

much...”
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The participants also mentioned that in collaborative projects, there is often
“reinventing of wheels” where instead of reusing existing technology or an existing
process, yet another technology is created, thus wasting resources by doing so.
Investigator G2 at GH described a specific example of how existing technology could
be used better:
“Maybe Google’s done for us already or...you know something else. 1

think people tend to sort of automatically rush to your own when it may

not be worth the effort.”
Investigator G3 at GH discussed that it is wasteful to building something that might
already exist:

“...why would we want to have cost of building a website, why wouldn’t

we just want to give people instructions for how to find most

information on people who would be on the website and use Google or

some other device that’s already out there that does that.”
Ultimately, investigator G2 at GH mentioned that although technology might enable
collaboration, it is not a solution to difficulties existing in collaborative projects unless
it is designed support actual collaborative processes:

“...it was never about the technology...you know, it was about the

process and people and technology could solve problems only if they

were addressing appropriate problems. And appropriate problems were

always personal problems...it was always about the people.”
Although technology is a necessity in MIBCs, the collective opinion is that technology
is not what makes or breaks a collaborative effort. Therefore, biomedical informatics

think beyond technology in the effort to support collaboration.

Involvement, Contribution
The feeling of making a contribution or of being involved in collaboration on

an individual level is important for the information or continuation of a collaborative
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effort. When asked what some of the difficulties collaborations face are, investigator
G4 at GH mentioned that when a researcher or institute feel as though they are only
providing data or are involved in name only, there is no incentive enough for them to
continue with the collaboration:

“...sometimes we feel like we don’t have as much intellectual

input...Um, so, sometimes when youre not leading a project, you feel

like you're just a data warehouse for someone else’s project, but that’s

fine every once in a while but if you have too many things like that, it

can be frustrating, um, so that sometimes feels like it’s not always worth

it..”
The importance of feeling involved should be noted and steps should be taken to make

everyone involved in collaboration feel that they are contributing.

Inside vs. Outsider

The concept of insider vs. outsider exists both within an organization and
between organizations and groups. Participants explained that individuals within an
institution set themselves apart from those they consider “outsiders”. They often used
“we” in reference to “insiders” within the institution and spoke of differences between
insiders and outsiders. The “insiders” often felt it was difficult to work with outsiders
because of their lack of contextual sensitivity and differences in perspective. This
perspective made collaboration more difficult by setting groups or individuals apart
from each other.

Investigator G2 at GH explained that such views exist within GH:

“...but when you live in this environment and do most of your work in

this environment, you develop a view of the world and view of how

research is conducted that is different from the university based

investigator. And you want to work with people who you don’t have to



108

spend weeks and months getting to the point of your common

understanding.”’
Programmer G11 at GH explained how the concepts of insider and outsider are
constantly changing:

“...when I first started at the center almost 25 years ago, there was the

in-group, people at the cooperative, and those outside, you know, the

people outside were docs and coops, those that are trying to get our

data. And then, that changed to where the in-group was anyone in the

coop and outsiders were the university or FH, then that changed to

where the in-group is now includes a bunch of investigators at the

university, a bunch people at FH”
The insider vs. outsider frame of mind can cause insiders not to collaborate with those
who they consider to be outsiders. To promote collaboration, efforts need to be made to
promote social connections among researchers that would help them feel allied with

others and consider more researchers to be inside their sphere.

5.3 Federal, Institutional Processes External to MIBC

MIBCs cannot occur in isolation from external forces. Many federal and
institutional processes influence collaboration. Although these external processes are
not factors that can be controlled from within collaboration, they affect each step of the
collaborative lifecycle. Therefore, biomedical informatics must be aware of these
factors if they are to support MIBC. The two most often mentioned outside influences

are funding and regulatory-related processes.

Regulator- related Processes
Regulatory-related processes are not only those internal to collaboration as
discussed in Section 2.1.1, but can also be external since every institution’s internal

review board that reviews biomedical research is guided by federal regulation. The
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effects of federal regulatory acts on MIBCs however, occur through internal regulatory
processes that are guided by external regulatory acts. Thus, the regulatory process was

discussed in detail in Chapter 2, Section 2.1.1, under factors internal to MIBC.

Funding related

Source of funding can influence the overall lifecycle of collaboration. Each
collaborative project, regardless of institution or investigators involved, is associated
with a different funding mechanism or agency. These funding agencies often have
different goals and requirements that each project must follow throughout the research
process. These differences often create difficulties in collaboration. Investigator G1 at
GH explained that each collaborative project with different funding source has a
different structure they must follow due to their funders:

“...and their relationships with their funders...like CDC and Vaccine

Research have very different data management structure then Cancer

Research...”
Investigator G8 at GH explained various structures that exist within GH due to
different funding sources:

“It’s very different...well, it’s funding mechanisms are different.

They ’re both cooperative agreements. They are both cooperative

agreements, but Breast research, all of us have our own grants, while

Cancer research is one grant that has bunch of subcontracts. So, it’s

very different structure to the way the money flows and administrative

burden at one site vs. others.”
The participants also frequently mentioned the difficulties of limited funding. Because
funding is almost always limited in collaborative research, only the most crucial
collaborative processes are supported. Some of the negative effects of limited funding
are: not being able to involve all those who wish to participate in a project, not being

able to have more a comprehensive infrastructure, difficulties funding preliminary
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stages of research before funding, and having to work beyond work hours to finish end
of funding deliverables.
Investigator G1 at GH explained that limited funding makes it impossible to
build a proper infrastructure:
“There is no budget to develop user centered design and then to...build,
create infrastructure to create user centered design and I think the
budget, the budget we have had, had not been kind of scoped for
allowance for that.”
Investigator G3 at GH described the difficulties collaboration face due to limited
funding:
“...issues with funding and always, how do you pay for the work that
needs to be done. Um...or there is a technical solution and you know,
but how do you buy the equipment, but you don’t have money... "
Investigator T2 at TH spoke of how they often have to find compromises and lower-
cost options due to funding limitations:
“...but for the longest time I don’t think we would have had money to
do that, that’s probably why we went more cheap route...”
The differences among funding agencies combined with the lack of funding can create
major difficulties for MIBCs. Some of these difficulties might be alleviated if there are
flexibilities in funding structure to allow collaborative projects funded by various

funding agencies to work together and to possibly pool resources.

5.4 Summary

In Chapter 5, the overall characteristics of MIBCs that emerged from the
contextual field study (described in Chapter 4) were discussed in depth. Included in
this chapter are not only descriptions of the different settings themselves (GH, TH) and
their similarities and differences, but also core activities and processes that happen

throughout the collaborative cycle: a) data, b) regulatory, ¢) communication, d)
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administrative, and e) finding resources/collaborators. Also described are some of the
social and socio-technical factors that impact overall collaboration (i.e. developed
relationships, common ground, contextual differences) and external forces that
influence collaboration such as funding.

As a first step to addressing, “How can biomedical informatics best support
current multi-institutional, interdisciplinary biomedical collaboration?” the research
question posed in Chapter 1, this chapter contributes by first providing an in-depth look
into two MIBC settings (see Aim 1 in Chapter 1). It introduces how biomedical
informatics can better support biomedical collaboration by shedding insight into some
of the unique characteristics of MIBCs (i.e. data and regulatory processes). Some of the
contextual data also reveal similarities of MIBCs to other collaborative settings to
support which there already exists a large body of research in other fields that
biomedical informatics can learn from (see Chapter 2). Furthermore, this chapter
illustrates some of the overall social, socio-technical, and external issues associated
with the overall process of collaboration which those in support of MIBCs should be
aware of. Chapter 6 will delve deeper into the core collaborative activities and
processes that biomedical informatics should focus on in support of MIBCs. Chapter 7
will synthesize Chapters 5 and 6 to develop a framework of Multi-institutional
Interdisciplinary Biomedical Collaboration (fMIBC) which extends and validates the
Preliminary Framework developed in Chapter 3.
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Chapter 6: Opportunities for Biomedical Informatics:
Collaborative Barriers, Facilitators, and Needs

In Chapter 5, all the factors that influence multi-institutional interdisciplinary
biomedical collaboration (MIBC) were illustrated; however, the external and social
issues are not aspects of collaboration that can be fully addressed by the biomedical
informatics community. Therefore, this chapter delves deeper into only the core
collaborative processes and activities, a subset of the factors that can potentially be
addressed by biomedical informatics in support of MIBCs.

Better supporting users through assessing their “needs” and reducing “barriers”
to system adoption is a well known concept in fields such as Computer Science (CS),
Computer Supported Cooperative Work (CSCW), and Information Science (IS)
(Lindgaard G). It has long been recognized that systems don’t exist apart from their
social context. In order to be adopted and used, a system has to fit the needs of the
users. Faced with difficulties of too many systems that have been met with user
resistance, the concept of needs and barriers has become increasingly important to the
biomedical informatics community (Lorenzi 2004; Korjonen-Close 2005; Tang 2006;
Tanner 2006; Anderson in Press). This concept of needs and barriers was expanded in
this study during the analysis phase and used to group codes generated during the open
coding phase.

After the axial coding phase, three distinct groups of codes intuitively emerged
within each main category of collaborative processes: a) facilitators, b) barriers, and ¢)
needs. The facilitators are those processes that current participants consider to work
well and aid in collaborative efforts. These are the factors that biomedical informatics
community should keep in mind and continue to support if already in existence or
provide support for if no such facilitator exists. The barriers are factors that currently
hinder collaboration from working smoothly or from forming. These are the factors

that biomedical informatics can study further and find ways to alleviate these
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difficulties involved in the process of collaboration. The needs are factors that often
arise from the barriers. They are the factors that those involved in collaboration thought
could help with the barriers they face during collaborative research. In sections 6.1 to
6.5 of this chapter, each of the core collaborative processes and activities with its

facilitators, barriers, and needs are discussed in depth (Table 6.1).



Table 6.1

Core activities and processes of two multi-institutional interdisciplinary biomedical collaborations
(MIBCs). Core activities and processes are broken down into those factors mentioned as facilitators,

barriers, and needs.
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6.1 Data

As described in Chapter 5.2.1.1, data-related processes occur throughout the
lifecycle of collaborative projects. Due to the importance of data in biomedical
collaboration, each of MIBC had at least some data-related technologies and processes

in place. Some of these greatly aided researchers while others did not.

6.1.1 Facilitators

Data Warehouse, Repository

Data warehouse or data repository is a technology that facilitates storage of
research data. During each step of collaborative biomedical research, a large amount of
data is generated. The data then generally needs to be stored in some fashion so that
they can later be analyzed and shared. Without storage of data, none of the subsequent
steps after data generation can occur. Participants from both MIBCs mentioned the
helpfulness of such technology.

When asked to describe some of the technologies used during collaborative
activities, investigator G1 at GH immediately mentioned data warehouses. For him,
data warehousing was a technology of primary importance and “valuable” during the
collaborative process:

“So that’s huge distributed data warehouse. 1 think we 've talked about

that last time. I think that’s pretty valuable. That’s a valuable

technology...”

When asked the same question, investigator T3 at TH mentioned a common web-based
technology that TH uses to store data. He mentioned how “nice” it is to be able to store
data at a central location. He felt that being able to access project data at any time made
it easier and more convenient for him to participate in the collaboration:

“And we also have a sharepoint website, where we keep all of our

shared data...and that’s real nice because I feel like I'm always
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attached to the project...within an hour of something I'm working on. It

works out really well.”

The evidence of the importance of data repositories was also seen in the
artifacts examined (see Figure 6.1 for a sample artifact). This and other infrastructure
documents describe in detail the custom-made virtual data storage tool built by GH.
Participants also often discussed the data warehouse during local and national
conference meetings (see Figure 6.2 for a sample observational note). Because many of
the collaborative projects within GH involved the warehouse, it was almost always a
part of the agenda during any meeting.

A data warehouse or repository might not be a necessity in small collaborations
where small datasets can be stored in spreadsheets or a local file system. However, in
large complex collaborations such as MIBCs, it is almost impossible to manage data
otherwise. Technologies such as data warehousing make it possible to store and
manage data at a central place and doing so, makes collaborative sharing and analysis

possible.
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C.d.a. The Virtual Data Warehouse (VDW)

Q;@ag@;;ii;@gi data resources that would facilitate more efficient aggregation and use of
automated data.

The VDW is 1) a series of computerized data sets stored behind separate security
firewalls at participating sites that include variables with identical names, formats,
and specifications and identical variable definitions, labels, coding, and definitions; 2) a
set of informatics tools—hardware and software—that facilitates storage, retrieval,
processing, and managing YDW datasets; 3) a set of access policies and procedures
governing use of VDWW resources; and 4) documentation of all elements of the VDWW,

Figure 1. Schematic of the Virtual Data Warehouse
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Figure 6.1
A sample artifact at GH describing its data warehouse.



5/22/07 - May 22 Noon PT
Called in
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Data Waﬁuse Implementation issues at new 1240 — 12:50
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Automating the use of the da@ouse
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Figure 6.2

Sample observation notes of a collaborative meeting at GH. The red circles indicate where data
warehousing technology is mentioned.

File, Data Transfer
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Throughout the lifecycle of research, data is often shared and analyzed among

various institutions and/or researchers. In order to do so, some secure mechanism for

transferring data between locations and/or researchers is needed. Research participants

from GH often mentioned data transfer technology as a helpful technology that enables

them to transfer data between researchers and institutions, enabling shared analysis and

collaboration.

When asked to describe some of the technologies used during collaborative

activities, investigator G2 at GH said that the researchers at GH used a web interface to

securely transfer data. He felt that it was a good tool that facilitates data sharing during

research:
“...they developed this web-based interface for secure transfer that’s

been doing...essentially creating a secure common folder that allows us
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to transfer data back and forth, that satisfies all the HIPAA, all the IRB
requirements, so it’s been really nice tool...”
Although the participants at TH also mentioned that they frequently share data, they
had no specific file transfer technology for doing so:

The evidence of existing file transfer technology enabling data transfer was
also seen in the artifacts examined. The proposal for GH infrastructure describe in
detail the data aggregation and transfer tool (see Figure 6.3). These MIBCs involve
large sets of data that often cannot be transferred over simple tools such as email. A
secure file or data transfer technology enables exchange of large data sets among
researchers located remotely. To facilitate collaborative research in MIBCs, file or data

transfer technology is important.

Aim.2h Automate Multi-site VOW Data Aggreqation.

The current version of the VDW requires independent manual execution of each data processing step at
each site. Thus, the number of sites participating in a particular study multiplies the amount of programming
labor and the time required for data aggregation. Significant savings in time and programmer labor could
realized if only one programmer was needed to perform all the data processing for all the sites usi

automated processes. WWe propose to develop an automated VDWW using secure Web links that er{able transfer
and remote execution of programs at participating sites with appropriate authentications. Thus, a group of.—"
collaborating scientists from several sites would develop a well-defined data analysis plan for an
approved research project. The lead programmer would write the programs required to retrieve data, create
the analysis file, run error checks, perform descriptive statistical analyses, and run inferential hypothesis tests.
The programs should execute successfully at all other VOW sites. Under an automated VDWW, local
programmer responsibilities should be limited to troubleshooting.

Figure 6.3
A sample artifact at GH describing its file transfer technology.

DataSstandards

Sharing data often involves aggregating data across various institutions and/or
projects. This aggregation process, however, cannot occur without some data
standardization since data at various institutions are collected in different format and
stored in various locations. The GH participants noted that having a standardized,

agreed-upon format is essential to successfully aggregating data across multiple

locations.
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Investigator G4 at GH explained the data sharing process that exists within GH.
She said that standardization of variables (data) were helpful in making research more
effective both in cost and efficiency:

“Those standardizing of variables have been extremely helpful in both

making these types of studies more cost effective. What else’s been

helpful ...this isn’t really technology thing...the biggest thing that’s

helpful now is virtual data warehouse, because it has standardized data

elements, so you know, blood pressure is coded the same way, there’s,

data is clean before it’s essentially put in there so...”

The evidence of existing data standardization was also seen in the artifacts
examined (see Figure 6.4). The infrastructure documents that describe the data
warehouse also discuss the standardization that exists to enable aggregation. Since
collaborative research cannot occur without shared data and analyses, data
standardization facilitates collaboration by making aggregation of data located at

multiple places and in different formats possible.

INFRASTRUCTURE

Cd.a. The Virtual Data Warehouse (VDW)
Lack of consensus and the rapid start-up of the core projects slowed progress toward dat standardization in
I s<c Appendix E). ¥ The proposal for CRN2 made clear our commitment to creatig standardized da
resources that would facilitate more efficient aggregation and use of automated data. The biliby for this

Figure 6.4
A sample artifact at GH describing its data standardization approach.

6.1.2 Barriers

Data Security Protocol
Although sharing data is a necessity in collaboration, extra steps are needed to

protect the data in biomedical research due to the sensitive nature of the data involved.
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Rigorous adherence to data security protocols and data de-identification processes is a
norm in biomedical research. Therefore, both MIBCs had multiple protocols in place to
protect data and all the participants were aware of the necessity of doing so.
Nevertheless, the complex data security protocol in place was yet another hurdle
participants felt they had to cross. During collaborative projects, the data security
protocol often caused extra concern and slowed down the overall research process.
Research assistant T7 at TH remarked that although a necessity, the effort required to
follow complex data security protocols imposed extra difficulties during data sharing:

“And I think just in terms of all of the, not ridiculous things, they are

necessary, but all of the kind of ridiculous steps you have to take to de-

identify information, and also about e-mailing it ...”

Information about data security protocols was also seen in the artifacts
examined and during observational sessions. The infrastructure documents described
security protocols associated with the data warehouse (see Figure 6.5). During the
local and national meetings researchers often spoke of security protocols and how
important they are to the overall research practice (see Figure 6.6 for a sample
observational note). Although the difficulties associated with following data security
protocols cannot be removed completely from MIBCs because the protocols are
required by federal regulations, there are ways to reduce some of the burden on users.
For example, building in functionality that follows security protocols into the data
sharing and management tools themselves might shield users from having to deal with

them directly
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meet these multiple needs and named it the Vi Warehouse (VDW). The VDW is 1) a series
Jterized data sets stored behind separate sgcurity firewalls at participating sites that include

: with identical names, formats, and specifsigaqw ntical variable definitions, labels, coding, and
s, 2) a set of informatics tools—hardware and softwares—that facilitates storage, retrieval, processing,
aging VDW datasets; 3) a set of access policies and procedures governing use of VDW resources;
acumentation of all elements of the VDV, The VDV serves as the source of standardized data from a

FAS

Figure 6.5
A sample artifact at GH describing its data security protocol.
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Figure 6.6

A sample observation note of a collaborative meeting at GH. The red circle indicates discussion of data
security among participants.

Project Specific Data, Various Data Purposes

Although data are shared as part of any collaborative project, each collaborative
project involving multiple institutions and even each individual institution can have its
own specific way of managing data. The variability in handling data is due to
institutional differences, different data needs, and funding related differences. The
participants mentioned some difficulty and tension associated with aggregating data
across such variable environments.

When asked about sharing data in general, project manager G6 at GH described

the various data sources that exist within GH. She mentioned that there are multiple
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data sources created by multiple projects and multiple institutions. In order to work on
a collaborative project together, data must be aggregated across all these entities with
their different formats and processes incorporated. She felt that such variability in data
made data aggregation difficult and time consuming:

“Totally different data sources and people write code to talk to all of

those... formatting is different, everything’s different.”

Even within a single organization, the purpose of data creation can be different
from how they were being used later. Often, the data were initially collected for
managerial or business purposes, and was later repurposed to be utilized for research
purposes. Because they were not intended for research, data were generally difficult to
use and did not live up to scientific research standards and researchers’ expectations.

Project manager G6 at GH discussed an instance where existing institutional
data that researchers were trying to utilize were not created for research purposes. She
felt that due to having an origin that is not geared toward research, the data that were
collected for business purposes, although a rich source of information, were difficult to
use:

“And you know, all of this data were really created for business

purposes and not for research and in some cases, not for all there’s

home grown codes and stuff. It’s a challenge, and he can tell you more

about that, but that undoubtedly is big area of collaboration.”

Differences in institutional and/or funding practices can also make it difficult for
researchers to share data across institutions and projects. Planning prior to the actual
collaborative endeavor to build in flexible use agreements among institutions and
projects and flexible funding policies can greatly aid current and long-term use of
MIBC data.

6.1.3 Needs

Needs related to data process were not explicitly expressed by any participant.
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6.1.4 Summary

Section 6.1 described the facilitators, barriers and needs associated with data-
related processes. The facilitators that aided data activities included technologies such
as data warehouses and data transfer tools and associated data standards. These tools
facilitated collaborative research by enabling data sharing and analysis. The barriers
included organizational issues such as security protocols and data purposes. Although
the difficulties of data security and differences in institutional and funding agency
requirements cannot be removed completely, steps can be taken to ease some of the
burdens that falls on the researchers. There were no specific needs associated with data

process that emerged from the analysis.

6.2 Regulatory

As described in Chapter 5, Section 2.1.1, there are regulatory processes that
must be in place for biomedical research to take place. Hence, both MIBCs dealt
regularly with federal and institutional regulatory processes. Although the participants
understood the necessity for having such regulatory processes in place, the difficulties
associated with the processes often hindered or stopped collaborative projects

altogether.

6.2.1 Facilitators

There were no facilitators related to regulatory process expressed by any
participant. In general, regulatory processes posed major frustrations for the
participants in their day to day research activities; therefore, none of the existing

regulatory elements were thought to greatly aid MIBC.

6.2.2 Barriers

Federal Regulations, Institutional Review Boards
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Federal regulations implemented and controlled by an institutional review
board (IRB) were one of the primary concerns participants had when being involved in
multi-site collaborative projects. The IRB process is time consuming and difficult
enough even for investigators involved in a single biomedical research project. The
investigators involved in MIBCs had to go through multiple separate IRBs, usually one
for each institutions involved, and each of them as difficult and time consuming as the
others.

An aspect of multi-site collaboration that was mentioned as a barrier most
frequently was the IRB process. Investigator G1 at GH mentioned that IRB is one of
the biggest rate limiting and difficult steps. The frustration of having to go through
multiple IRBs, each one a time consuming process, and having to reconcile the
differences among these IRBs often deterred participants from initiating collaborative
projects:

“People get hung up on IRB. Yes...multi site projects, IRBs can’t even

agree on what’s wrong...all of them have different forms, timeline,

different consent forms, and you end up...if you want to please

everybody, you end up with a different project, different sites and then

you don’t have a multi site study...makes your timeline difficult.”

Investigator G2 at GH described in detail the difficulties of multiple IRB processes
investigators in collaborative projects must go through:
“So there’s an example of where the barriers to...I was involved in one
network study where there were 7 sites involved in study, and every IRB

had to approve and then every IRB had modifications which had to go

back to every other IRB and IRBs are by definition, conservative bodies.

But SG is leading the effort to actually say, can we have basic trust that

if we know in advance the concerns IRB have, you are going to give

them...and they may accept the...northwest group...it will be people

like...people who will be receptive.”
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The evidence differences in IRBs was also seen in the artifacts examined (see
Figure 6.7) and during observational sessions (see Figure 6.8 for a sample
observational note). An artifact at GH describing the result of a survey regarding IRB
processes illustrates differences that exist among various institutional IRBs. During
meeting observations, IRBs were frequently mentioned in association with any type of
research. In general, the regulatory processes required by the institutional review board
were considered to be rate limiting and frustrating by most participants. It would
greatly aid MIBC if there was a way to relieve some of the difficulties of the regulatory

process and make it less time consuming.

Through the auspices of the . @ survey
of IRB policies and practices was conducted in 2000 to asmst |nvestngators in
plannlng IRB reviews. The survey underscores the Wld g

in how modifications and amendments are handled.
their mesting frequency (10-24 times per year), and the elaps&d-#
submission and notification of committee deliberations (3-8 weeks). The CR}
inventory of IRB procedures will be expanded and updated as part of these
deliverables.

Figure 6.7
A sample artifact at GH describing the differences in IRB processes.
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Figure 6.8

Sample observation notes taken during a meeting at GH. The red circle indicates where participants
talked about IRB processes.
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6.2.3 Needs

Common Regulatory Process

The participants involved in MIBC were keenly aware of the difficulties of
multiple IRBs when doing multi-site collaborative projects. Multiple IRBs were often
the primary roadblock to multi-institutional collaboration and many participants felt
that difficulties can be alleviated by having a common IRB process. When asked what
could help make collaboration easier, investigator G4 at GH mentioned a common IRB
process as a primary need:

“...if there was one IRB, it would a lot less man power, and also take a

lot less time.”

Knowing how difficult it would be to arrange for a single common IRB process,
project manager G7 at GH suggested that even having a common IRB template that is
acceptable to all institutions would help reduce the IRB time:

“...having things, standards at each organization so that we would

accept each other’s IRB and for the programmers, it would be if we all

had same systems, um...if we all...probably 90% of us do, if we had

same standards where we code, probably together...um...same template,

if we just had Cancer research

office that could help organization be more efficient along

collaboration...”

Evidence of the need for a common IRB process was also seen in the artifacts
examined (see Figure 6.9). Recognizing the need, GH has been actively pursuing a way
to implement a common IRB process. The common IRB process was often discussed
during meetings (see Figure 6.10 for a sample observational note). A common IRB was
thought to be one of the main ways to relieve difficulties of multiple IRB processes
associated with MIBCs. The participants also felt that a common IRB process would
save great deal of time. A possible way to facilitate common regulatory processes is

described in Chapter 7, Section 4.2.
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3. Deliverable updates

o The closeout and survey training guides will be posted on website in the next
few days.

o The IRB meeting in San Francisco in October is coming together nicely. Tt will
include a presentation by creating a centralized
IRB. IRB administrators and/or scientists from all but one T strewittatren
Follow-up meetings ate planned at the December 06 Roadmap Steering Committee
meeting and the March 2007 meeting. It was suggested that a follow-up
discussion also occur at the November 2006 meeting. Sarah
announced a possible upcoming opportunity for the to participate in an JOM
study on the impact of HIPA A onresearch.

Figure 6.9
A sample of an artifact at GH describing a plan for centralized IRB.

Qs?

Work mostly done?
- wah (all around agreement)
- deliverables on track

- |[RB had ambiticus gold but, Eaving one IRE for at least few common 3fudies

- Notion of common IRB will be incremental |

- HNCa: Changing local one will have regional implication, will let university know
as Iread it, isn’t it getting more difficult?

- HNCa U should know this, local context
-  SG: okay, thanks

Figure 6.10

A sample observation note taken during a meeting at GH. The red circle indicates where participants
talked about common IRB.

6.2.4 Summary

Section 6.2 described the facilitators, barriers and needs associated with
regulatory processes. No facilitators associated with regulatory processes were
mentioned since the entire regulatory process was burdensome to the researchers.
Therefore, none of the existing regulatory elements were thought to facilitate
collaborative processes. The whole IRB process itself was most often discussed as a
barriers, especially since multi-institutional collaboration involves multiple IRBs.

Because multiple IRBs processes were time consuming and frustrating for participants,
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their primary need was a common IRB process that is acceptable across multiple
institutions. The participants felt that a common IRB process would save time and help
remove some of the difficulties of having to deal with not only single, but multiple
IRBs associated with MIBCs.

6.3 Communication

As described in Chapter 5, Section 2.1.2, communication is an essential process
during collaborative efforts. Both MIBCs used many different methods of
communication. Most existing communication methods facilitated collaboration;
however, some technical aspects of the communication process were still burdensome

to the researchers.

6.3.1 Facilitators

Face-to-Face Meetings: Local, Conferences

MIBCs involve a lot of face-to-face meetings. The researchers involved in
MIBCs thought that face-to-face meetings were helpful and essential throughout the
collaborative processes from the formation of ideas to the continuation of existing
relationships. These meetings brought a “personal aspect” to the otherwise formal
collaborative process; thus, face-to-face meetings were thought to facilitate stronger
relationships among participants and to strengthen collaboration.

Investigator G1 at GH mentioned that face-to-face meetings were one of the
most important communication strategies in collaboration. Although many mechanisms
for communication exist, he thought that face-to-face meetings were essential to
building personal relationships and fostering collaboration:

“..sit down and chat, it’s really hard to do collaboration without that

personal aspect, um...”
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Investigator T3 at TH explained that the face-to-face meeting is also important to
generat ideas for forming new collaborative projects. He felt that other ways of
communication were not as effective in this area:

“...there’s nothing better than sitting down in person and generating

ideas that way too.”

The evidence of face-to-to face meetings was also seen in the artifacts
examined (see Figure 6.11). More than a quarter of artifacts were based on the local
meetings and many more described regular national meetings that occur among
investigators at GH. Although distance makes face-to-face meetings difficult, a
majority of participants at both MIBCs felt collaboration could occur without some

face-to-face meetings.

ARIEETL L BARILLEAS BALAWY EAled % ef ARl LAl ACPLC AHL ALEST DL LTLILeass. 1iaes wrl
generating new collaborative relationships and propos-
The topics have expanded to include obesity, end-of-life care,

ity of cancer care, the den pment of Morepositories, and
1l disparities. Interest grgups meeet regul:

by conference
anual meetinss”

NS rea ME s e

Figure 6.11
A sample artifact at GH describing the regularity of face-to-face meeting.

Email: Asynchronous Communication

Email was a technology often used to exchange information, and relay
introductions, and project announcements. Participants at both MIBCs spoke a great
deal about email communication that occurs throughout the collaborative project.
Email was perceived to be an essential technology that collaborative projects cannot do
without. It was frequently mentioned by participants when asked about some of
technologies used to communicate during collaboration. Project manager G6 at GH
described how important email is to her. She felt she could not do her job of managing

collaborative projects without email:
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“Email...that’s the thing. My kind of job is email so...technology.

Seriously, my life evolves around email. I'm sort of the point person

who sort of connects all the pieces and you know, got a few people

here...almost everybody I interact with is somewhere else in the country

and I almost never talk on the phone with anyone. Everything I do is

sort of through email. Without email, without technology...I'm going to

be lost. So, even just technology we take for granted these days is

absolute essential.”

The evidence of email usage was also seen during observation sessions (see
Figure 6.12). Whenever any type of follow up to an action item was needed,
participants spoke of doing so over email. In MIBCs, communication occurs primarily
through a technical medium. Email was one of the primary technologies participants
used for this purpose. Without this communication technology, participants felt they

could not do any of their routine collaborative activities.

L: MNice 1idea but instantanecus feedback might be good

Figure 6.12

A sample observation note taken during a meeting at GH. The red circle indicates talk of email usage.

Phone, Conference Calls: Synchronous Communication

Although much communication can be done over email, this medium has a
limitation of not being able to support a real-time conversation. Hence, the participants
at both MIBCs felt that real-time synchronous communication methods such as phone
or conference calls were also important to the overall collaborative process. It was
generally accepted that phone and email complement each other. Phone

communication enabled real time communication which was sometimes necessary,



132

while email enabled a different type of exchange. When asked about some of the ways
she communicated as part of collaboration, investigator T3 at TH mentioned the phone
as a primary tool:

“...followed by the phone, and that includes cell phones too because all my

collaborators have my cell phone number as well as my office number. It’s not

uncommon for them to call me at my cell phone number while I'm out doing

things.”

Evidence of phone usage was also seen in the artifacts examined (see Figure
6.13). Artifacts describing collaborative meeting sessions often described conference
calls. Usage of the phone was also often observed during meetings (see Figure 6.14).
Due to the distance separating institutions, most of the non-local meetings were done
through phone conferencing. Without both email and phone technologies or equivalent

technologies, MIBCs would not be able to function.

‘site” I at sackh healtln systexnx, the Pls of the
pr»qjects (1f ot A site PIX, and the TNCOT project offfic
operates by consensias aitscl raa
e steering Cco1Imnuities 1aaee
Person Iwice a yoear.
mrittee receiwves ads-ice fron

Figure 6.13
A sample artifact at GH describing phone usage.
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Introduction
[Everyone logging onto ¢

Agenda
R: Someone sent data but data not coming back

Maybe data not distributed formally
L: Which group?
E.: Sent due to request, haven't heard from investigator here
P3: Haven’'t hear

T hT ] E

Figure 6.14

A sample observation note taken during a meeting at GH. The red circle indicates where participants
used conference calling to conduct a meeting.

6.3.2 Barriers

Limitations of Communication Technology

Many participants at TH spoke of the difficulties they had using a video-
conferencing technology. Due to budget limitations, the video-conferencing technology
available to them was limited in capacity. Although video-conferencing was desired
because it simulated face-to-face interaction, TH participants found the difficulty of use
and limitations of the technology frustrating and soon abandoned its use. Investigator
T1 at TH considered video-conferencing to be one of the main difficulties he faced
during collaboration. He found it frustrating because it was limited in capacity and did
not provide the type of features needed to support collaborative meeting:

“We had videoconferencing when we were using video phones where it

was a big group, but the camera was focusing on only two members,

and for me, it was somewhat frustrating because you hear voices and

you wouldn’t know where it was coming from. It was no way to zoom in

or move the camera. So those are kind of cases where we make note and

say next time let’s not do that. But we haven’t had any technology, in a

sense the technology was frustration.”
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Evidence of difficulties caused by poor communication technologies was also
seen during observational sessions (see Figure 6.15). During one conference call
meeting, problems with the phone delayed the meeting by over 20 minutes. Although
technology is essential to communication in remote collaboration, limitations of
technology were often seen to frustrate the participants. Although more powerful and
complex communication technologies such as video conferencing were desired, they

were often abandoned if they did not appropriately meet the needs of the researchers.

o Great at recording
o Document who's doing why

11 am. 1°t Mondaws of month do another meeting (*Request transcript)
WA not alw, une, always little early or late

Speaker pfione problem? ally newver use for chat session so little diffi
[Whe' s goi 15t? (going¥ight to the business))
RrR21

Figure 6.15
A sample observation note taken during phone meeting at TH. The red circle indicates an example of
difficulties with communication technology.

6.3.3 Needs
More Face-to-Face Meetings

MIBC by nature requires researchers to work with each other remotely.
Although communication technologies such as email or phone help bridge the distance,
the participants at both MIBCs felt that the face-to-face communication could not be
replaced by any technology. The participants felt that even more opportunities for face-
to-face time would greatly improve the collaborative research process.

When asked what would make collaboration easier are, investigator G2 at GH
mentioned face-to-face meetings:

“I mean, I'm trying to think of...again I think what will make easier is

the ability to be together more often...that’s not technology.”

Due to budget constraints and the need to work remotely, participants were not able to

meet as often as they would have liked. They felt having more face-to-face meetings
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strengthened relationships and helped generate more ideas; thus, strengthening the
collaboration:

“...Idon’t know how, but if we could meet face to face and more talk, in

more cost effective way so that we don’t have to charge our grants for

all these meetings as well as time scheduling and so forth, that would be

great...”
Although the importance of face-to-face meetings was an acknowledged fact, the
limitations of time and funding made it difficult for participants to regularly meet face-
to-face. Participants felt that allowing more funding for travel thereby allowing more

face-to-face meetings, would greatly aid collaborative research.

Technology Enabling Face-to-Face Meetings: Video Conferencing

Although face-to-face meetings are essential to collaborative projects, it is
difficult to have a lot of face-to face interaction in MIBC due to distance and financial
constraints. If face-to face meetings were not possible, participants of both MIBCs felt
that the next best solution would be a technology that can enable face-to-face like
meetings. Participants wanted some way to experience an actual human-to-human
interaction such as being able to see the other person and their facial expressions as
part of the interaction. Investigator G1 at GH mentioned video-conferencing
technology as one of the wish list items he wanted to make collaboration easier:

“...super easy, in my office, video connection. So, if I had a big white

board there and I had a big screen there, and live video connection to

TP and his office, or wherever TP was on his cell phone or wherever he

was, TP and I could actually walk through the same thing that we try to

do here with blackboard...I could look at TP and hear what he has to

say and he has white board in his room and he can talk to me about that,

there’s something about the video feed, something about having a

presence of a person there, talking to him, or like this, you're kind of
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talking and doing that. It ’s just something about that that you can do,

that you can’t do over the phone.”
Investigator T4 at TH mentioned that video-conferencing would probably be one of the
most useful things to have during collaboration:

“We certainly wish we had videoconferencing that would work for

everybody. Um, that would probably be single biggest thing that would

be helpful.”
If more time and funding to enable face-to-face interaction area not possible,
participants felt that any technology that would simulate face-to-face interaction such

as videoconferencing would be the next best thing.

6.3.4 Summary

Section 6.3 described the facilitators, barriers and needs associated with
communication processes. The facilitators associated with communication were face-
to-face meetings, and communication technologies such as email and phone. Although
face-to-face meetings are essential, in remote collaboration, distance often makes them
difficult to conduct. Participants felt that collaboration could occur without
communication technology to compensate for the lack of face-to-face communication
and to enable face-to-face like communication. The biggest barrier associated with
communication was in the limitations of low-cost communication technology. When
technologies that were supposed to enable communication did not meet communication
needs, participants felt no incentive to continue to use them and soon abandoned their
use. Although participants felt that technology could help facilitate remote
collaboration, they consistently indicated that face-to-face meetings were still an
integral part of collaboration and as much face-to-face interaction was desired. If face-
to-face meetings were not possible, the next best choice was thought to be technology

like videoconferencing that simulated such interaction.
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6.4 Administrative

In Chapter 5.2.1.1, the administrative processes were introduced as processes
that apply to and affect every part of the lifecycle of collaboration. Administrative
processes include all day-to-day collaborative activities aside from communication.
Many of these processes existed within both MIBCs and most were vitally important to
maintaining collaboration. For that reason, members of both MIBCs spoke of many

facilitators, barriers, and needs associated with administrative processes.

6.4.1 Facilitators

Collaborative Technology, Infrastructure

Participants at both MIBCs felt that tools and infrastructure that supported
collaborative processes in general made collaboration easier. These technologies
facilitated collaboration by enabling communication, data sharing and coordination.
Essentially collaborative technologies helped to virtually bridge the distance between
remotely located researchers.

Investigator G2 at GH readily admitted that the technical infrastructure the
technical tools that support collaboration are useful and are used daily as part of
collaboration:

“I think people using technology, web based communications, 1 think

they 're useful ... Technology has made a lot easier...secure web transfers,

FTP, alot easier than shipping tapes.”

According to G2, technology facilitates collaboration:

“...technology can facilitate how we social network...”

Investigator T3 at TH thought that technology helped sustain relationships among
collaborators:

“..but I think the technology helps to sustain that relationship...”

Evidence of the importance of collaborative technology was seen in the artifacts

examined (see Figure 6.16). The infrastructure documents examined described
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technological infrastructure as the thing that makes collaboration possible. Most
participants felt that without technology, remote collaboration would not be possible.
Due to the distance separating researchers, most interaction among researchers has to
be done through a technical medium. Any technology that helped to easily facilitate

remote collaborative interaction was considered valuable.

The extraordinary opportunities for research in these settings
{7} ted to refunding and expansion of the throuwgh 2007.
This monograph is more than simply a set of papers arising
from a multisite research program. It addresses substantive and
methodologic isswes on screening, disparities, translation of re-
search into practice, cancer care, risk reduction, and health
services, as well as the expanding _infrastruciure that makes it
possible to examine key research quUESTIODs across Imulitiple

Figure 6.16
A sample artifact at GH describing the importance of technical infrastructure.

Support Personnel Assistance

All administrative processes associated with collaboration of any size are
difficult and they become especially difficult when the collaboration spans multiple
institutions. Participants indicated that when a collaborative project does not have
sufficient support personnel to help with administrative processes, the research part of
collaboration suffers. When support personnel do exist, they ease the burden of time
consuming administrative processes and enable the research part of a collaboration to
happen. Without them, collaboration becomes much more difficult to maintain. During
the interview, investigator G8 at GH described how integral administrative support is
to collaboration:

“I think having somebody who is keeping track of minutes, agendas, and

conference calls is unbelievably important. We are trying to start up a

new project within cancer research and the amount of time it takes in

these sort of task is pretty vast... Having adequate administrative
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support to keep track of minutes and agendas, be the point person of

communication about availability is really important”

Evidence of the importance of support personnel to help with administrative
tasks was seen during observational sessions (see Figure 6.17). Often, administrative
support was in charge of coordinating meetings and was called upon to keep track of
open agenda items. MIBCs involve many administrative processes such as scheduling
and documentation that are necessary for the daily operation of collaboration.
Administrative support can manage administrative processes so that the researchers can

devote their time to research and not be bogged down by administrative tasks.

investigators - go to websitel !l
ecruiting members.. ]

communications and collaboration committee

breanizi /ﬂ/@ in DC
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lot efbusiness- mattér of fact discussion
anncouncerments and news. ..

Figure 6.17

A sample observation note taken during a meeting at GH. The red circle indicates an example of the
importance of support personnel.

6.4.2 Barriers

Information Distribution, Websites, Online Technology

Aside from research data, much administrative information needs to be
distributed within a collaborative project. Participants mentioned that websites and
other online technologies were often used to disseminate such information and felt they
were appropriate mediums. However, they had mixed opinions regarding the
effectiveness of such technologies since they often were not built to support the

processes. The lack of support for the process made them not very helpful, if not,

useless.
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Project manager G7 at GH mentioned that a website that was supposed to help
her do much of her work tasks was not appropriate for her and not helpful:

“...a lot of extra work that goes through me as admin specialist,

are...when is this meeting, what time is it, what is call information,

agenda, and it would be, we 're working on a website that should be very

user friendly to...The current one you can’t really do this...”
Project manager G6 at GH mentioned that a website that was supposed to be used to
help disseminate information was often ineffective:

“And you know...that’s an issue too...another good point is, you can

make all this stuff, create all these resources, but you know, to help your

collaboration along, but if you don’t know how to disseminate them, and

how to actually put them in the hands of people who need them...”
Participants felt that existing technology for disseminating information did not fit their
needs; thus, it was not helpful. And because the technology that was often not helpful it

was not used.

6.4.3 Needs
Schedule Coordination

Busy schedules and distance make coordinating schedules within MIBCs much
more difficult than within a co-located collaboration. Participants from both MIBCs
mentioned the difficulties of schedule coordination. They felt that having a common
calendar system might alleviate such difficulties. Project manager G7 at GH felt a
common scheduling system across multiple institutions would greatly help the
collaborative process by helping to schedule activities and coordinate schedules more
effectively:

“...yah, and new website will also be able to connect through people’s

outlook emails if they have outlook calendars so, it will be helpful in

reminding.”’
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Investigator G8 at GH mentioned that her institutional calendaring system greatly
helped with schedule coordination and wished for network-wide implementation of the
tool:
“...what we have internally, uh, would be available for collaborators,

would really move things, more rapid, but that hasn’t been implemented

outside here, but that does help collaborative projects

internally...common used calendar searching function across people, so

we have that internally, where people’s calendar’s are all supposed to

be up to date and online, so somebody setting up a meeting can see

when people are free...”
Although many technologies for schedule coordination such as exchange servers exist,
institutions involved in MIBCs often do not have a common intra-institutional platform
and cannot apply their existing coordination systems to cross-institutional

collaboration.

Access to Information

Participants often mentioned that they would like to have an easier access to the
information associated with the collaboration. Information they needed was often
spread out over multiple sites and could only be accessed from certain designated
locations. Participants felt that not having to track down information from various
places and being able to readily locate what they needed would help collaborative
research.

Investigator G5 at GH mentioned that one of the most needed items on her wish
list was an easier any time access to files she needed:

“I guess, the first thing that comes to mind would be a super easy
mobile accessible anywhere of accessing any of the files any time I want,
whether it’s on my cell phone...”

Project manager G6 at GH wished for a common administrative information resource:
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“...having a place where people could just go...get their resources,

download helpful information, resources and always know where

theyre going is most up to date information. Right now, that would be

great.”
Regardless of the type of information that needed to be accessed, the participants
voiced a need for some way to easily access information at a common location. It did
not matter to them what type of interface (i.e. web, central file system) they were given

to the common information access technology.

Collaborative Writing Technology

A huge part of collaborative research involves collaborative writing. In MIBCs,
collaborative writing involves researchers located at various institutions. Although a
number of collaborative writing tools exist, participants felt that there were no
satisfactory tools to facilitate the collaborative writing process. Participants at both of
MIBCs voiced a wish for a good tool to help with the writing process. Project manager
G7 at GH mentioned that she has heard of a tool that might be helpful, but GH did not
currently have:

“I noticed some people are using google doc which is free sofiware to

do collaborative writing. And that’s doing collaborative

brainstorming...putting ideas down and other people can edit...”
Investigator T3 at TH felt her current method of collaborative writing was
dysfunctional:

“...when we have one document that I’ve worked on and she’s worked

on at the same time. So now we have no idea who’s changes are what.

Or what’s changed or what isn’t and that can be frustrating so one way

we try to get around that is use track changes or which we did

originally is track changes. Now what we do is, it’s yours and I’'m not

going to do anything to it until I get it back from you. Because we have
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simultaneously worked on same document at the same time and that’s
horrible.”
Although there are already a number of existing collaborative writing tools, they are
often either too expensive or not satisfactory. For example, using Microsoft Word
documents with tracked changes often resulted in losses of edits by others. The
coordination among multiple researchers using this tool to work on the same document
was impossible. Participants voiced a wish for a better technology to assist

collaborative writing.

6.4.4 Summary

Section 6.4 described the facilitators, barriers and needs associated with
administrative processes in collaboration. The facilitators expressed were a
collaborative infrastructure and support personnel. Most participants felt that remote
collaboration could not happen without technology because due to the distance
separating researchers most interactions had to be done through a technical medium.
Administrative support was seen as a valuable asset to MIBC since support personnel
removed the burden of unnecessary administrative tasks researchers had to perform.
The barriers associated with administrative processes were information distribution
through websites and schedule coordination. Participants felt that although
technologies existed to support these two processes, they were either inadequate or not
implemented properly due to institutional differences. The needs mentioned by
participants included a common access to information and better collaborative writing

technologies.

6.5 Finding Resources, Collaborators
As mentioned in Chapter 5.2.1.1, finding resources and collaborators is the first
step to starting a collaborative project. Although it seems to be a simple task, due to the

distance between researchers and the size of the organizations involved, finding
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collaborators and resources has an extra layer of complexity in MIBC:s. It is, therefore,
very important to support the processes that facilitate finding resources and

collaborators.

6.5.1 Facilitators

Social Connections, Existing Relationships
Many collaborative projects start through existing relationships and affiliations.

Participants at both MIBCs said that when a project idea forms, they often look for

potential collaborators among their known network and affiliations first. They felt that

they could trust and depend on their existing relationships. Therefore, participants felt
that existing relationships were very important in finding collaborators and resources.

Investigator G4 at GH mentioned how much easier it was to work with researchers she

already had relationships with:

“...you know there should be a better betting process where everyone
here has an opportunity, but the reality is you often call people who are
your friends or you've worked together before or someone says, hey you
should call so and so because she has an expertise in that area.”

Investigator T2 at TH thought social networking is what enabled collaboration to work:
“Uh, so you know it’s one of those things really comes down to social
network...I think...I mean how are you going to tell somebody oh he’s a
senior colleague, he’s got lots of grant, he’s got lots of publication, but
he’s not going to do any work for you, he’s just going to stick his name
on your stuff.”

Evidence of the importance of existing relationships was seen during
observation sessions (see Figure 6.18). One of the participants of the observation
session mentioned that he needed to rely on personal relationships to recruit

investigators to use certain tools they have developed. Participants often turned to
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people they already knew and trusted to find collaborators and resources. They often

did not want to take the risk of seeking out unknown researchers or resources.

PF: data warehouse project need pressure DB

Problem is once funding gone, no more interest, now need to rely on personal
relationships |

BG: unsuccessful search for cancer researcher, posting <laugh>

......................................

RR: some organizational changes of research director, maybe some separation of groups?

FT: realivr nead ana data warerhance deliverahla

Figure 6.18

A sample observation note of a meeting at GH. The red circle indicates where participants talked of the
importance of personal relationship.

Social Connectors, Matchmakers

Even if a researchers relies on existing connections, finding collaborators and
resources can still be a difficult process. Many participants felt that the difficulty of
finding collaborators can be alleviated by having a social connector, a “matchmaker”
who can connect researchers together. These “matchmakers” have knowledge of the
context (i.e. organizational structure, researchers and their backgrounds) and are well-
known and trusted. They are thus able to help form collaborative projects by
connecting researchers together as well as pointing them to appropriate resources.

Project manager G7 at GH mentioned that matchmakers are often needed to
facilitate the initial stages of collaborative projects:

“...every week or so, someone will come up with concept of a proposal

and I'm the liaison between all the investigators to do....I call

researcher match.com...”
Research assistant T7 at TH used an agency that helped her to find right resources

“...they kind of have a national collaboration of hospice agencies that

are interested in research. So that was very helpful because I was able


http://match.com
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fo e-mail and get in touch with them and see if they 'd be willing to give

me some contact people and they ’ve been amazingly helpful...”
Researchers often faced difficulties of not knowing who among institutions to choose
to start a new collaborative project or where to go to find proper resources. They felt a
person or an agency that can help with these tasks would tremendously help

researchers wishing to start a collaborative project.

Researcher Recruitment, Promotion

Collaborative research was sometimes limited by the lack of experts working in
certain research areas within MIBC. Promoting the institutions within the MIBCs and
recruiting researchers through more publications, lectures, and conferences were some
of the ways that helped MIBCs to find new expertise. Researcher G5 at GH had to
actively recruit researchers so that she could find appropriate expertise for her project.
Without such recruitment some collaborative projects fail to happen:

“So there’s a lot of...to call it, dog and pony show, just going out there

being visible to the partners of community. D, my colleague down the

hall might give a lecture at FH and do that as a way to, drum up interest

and let people know we 're out here and we have data resources, and

essential numbers of cancer cases and then hopefully from there, ideas

will flow. Hopefully...”

Evidence of the importance of recruitment and promotion was seen during
observational sessions (see Figure 6.19). One of the participants in the meeting
mentioned that there are several job postings for GH that have yet to be filled. It was
often necessary to reach out to the community and actively recruit in order to find
missing expertise within the collaboration. Participants felt that active recruitment was
a way to alleviate the difficulties of finding the right expertise among a limited pool of

researchers within the an organization.
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relationships |

BG: unsuccessful s or cancer researcher, podting <laugh>
g TTYestiggtors |

Other site having someproblemsretammmg rvestiggtors |
RR: some organizational changes of research director, maybe some sepa
ET: really need one data warehouse deliverable

<gllagree> |
Need feedback on my doc

Evervone: date? "Will do

ET: admin stuff haw to do thineos is what neonle want

Figure 6.19

A sample observation note of a meeting at GH. The red circle indicates where participants talked about
researcher recruitment.

6.5.2 Barriers
Distance, Size of Collaboration

Due to the remote nature and large size of the MIBC, it was difficult for
researchers to keep track of new opportunities, collaborators or resources available
within the MIBC. Several participants mentioned that they often had no idea what
types of resources were available to them or who they could connect with when
looking to collaborate. linvestigator G2 at GH felt that not knowing what is going in a
large collaboration was a primary difficulty investigators faced when trying to find
collaborators or resources:

“...the question was how do you know if there’s, you say I want to work
with someone at place X, and I'm going to go find somebody there at
place X, but the real problem is, I don’t know that this might be a good
opportunity because this might be somebody who thinks exactly as I am

and they re a good place to work with...how do I know those kinds of
things...”

Investigator G4 at GH felt that investigators were often not well informed of
opportunities and were unaware of other researchers in other institutions within the

MIBC due to the distance separating them:
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“I think there’s a lot of work out there that you don’t know what could

potentially be used for preliminary studies for grant, um, and you just

don’t know data exist, you don’t know what areas people worked in,

that kind of thing.”
This lack of information was often due to the distance and size of the collaboration.
Because MIBCs are composed of multiple large institutions located far apart,
accidental or chance meetings among researchers were minimal. Thus, social
interactions were limited between only those investigators who had developed
relationships. Such limited social interactions made discovery of new collaborators and

resources difficult.

6.5.3 Needs

Online Directory, Information Resource

In Section 6.5.2, the difficulties MIBCs faced due to the distance and size of the
collaboration were described. Participants at both MIBCs felt an online directory of
researchers or online information on resources and opportunities might help alleviate
some of these difficulties. Investigator G4 at GH mentioned that an online document
that was frequently updated that she could use to find out about opportunities within
the network would greatly help her in her collaborative efforts:

“....it’s really hard to keep track of what everyone’s doing, multiply that

by 135 sites, not that everyone’s as big as us and it’s really hard to know

who’s working on what area and who has what expertise so having a

big web document that would easily be updated would be wonderful, but

you know, trying to organize that and stuff is not a small task.”

Evidence of the need for an online directory was often seen in the artifacts
examined (see Figure 6.20 for a sample artifact). One of the action items during several
meetings was the creation of an online directory. Although it was felt not to be

effective within GH, there is a directory of information that was mentione during the
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observation sessions (see Figure 6.21). Although information about collaborators and
resources exists, it is often scattered across many institutions’ websites and is difficult
to locate. Participants thought that a frequently updated single source of information

about opportunities and collaborators would help them when initiating collaborative

projects.
e LWL “f L/ OL1a 4 Al LT asl STLLLTLAL AL aD LA PIaLS .
Action items
e Please keep up-to-date about new collaborations/opportunities,
especiall to the Roadmap RFA
4 Biogedtistician directory

We reviewed the'sarriple from . We will use the ACTION directory as
the basi_gﬂfgxfefifpan ng the sample to include all sites.

Action items

- ) . to discuss logistics/budget for putting this on
website

Figure 6.20

A sample artifact at GH discussing a directory of researchers.

[Local web service migration —>» Research Network web service calls and stuff figure out
best way t6 do this strategy. integration with coordinated studiesand cancer research on
new website

Just cancer research {funding issues)
Twraft Af cnirwatr ranart acl far thic

Figure 6.21

A sample observation note taken during a meeting at GH. The red circle indicates participants discussing
an online directory of researcher information.

6.5.4 Summary

Section 6.5 described the facilitators, barriers and needs associated with the
processes of finding collaborators and locating resources. The facilitators included
existing social connections, social connectors such as matchmakers between

researchers, and researcher recruitment and promotion. Participants often turned to
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trusted sources such a current collaborators or institutional agencies to help them find
reliable collaborators and resources. Institutions often needed to actively recruit outside
researchers to have an available pool of researchers. The barriers that were most often
discussed were the distance and size of MIBCs. Although a necessity, the remote
nature of the collaboration contributed to the segregation of the institutions involved in
MIBC. Information regarding existing collaborators and resources was also scattered
across multiple institutions. The need mentioned by participants to address the distance
barrier to locating collaborators and resources was an online directory and information

resource that they could go to, to readily find the information they needed.

6.6 Summary

In Chapter 6, the core collaborative activities and processes (data, regulatory,
communication, administrative, and finding collaborators and resources) that emerged
from the field study were discussed in further detail. For each of these processes,
associated facilitators, barriers, and needs were discussed (see Table 6.1). Unlike
Chapter 5, where the overall characteristics of MIBCs were listed, this chapter focused
only on those factors that are core to MIBCs that the biomedical informatics
community can potentially address.

As a second step to addressing the question of “How can biomedical
informatics best support current multi-institutional, interdisciplinary biomedical
collaboration?” posed in Chapter 1, Section 2, this chapter contributes by providing an
in-depth look at core activities and processes that are integral to every MIBC (see
Chapter 1, Section 3, Aim 2). The facilitators are those factors that biomedical
informatics should continue to support in current MIBCs if they are already in place, or
should initiate, if not. The biomedical informatics community should study the barriers
further and look for ways to alleviate them. As first step in research, they should turn to
other fields such as Computer Supported Cooperative Work (CSCW) that have already

studied collaborations in great detail. The needs mentioned by the participants of
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MIBCs are the first items that biomedical informatics can tackle first to remove or
alleviate some of the existing barriers. Chapter 7 will discuss future directions that

biomedical informatics can take in support of MIBCs.
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Chapter 7: Contributions, Future Work, and Conclusions

In this chapter, contributions this study has made to the field of biomedical
informatics and to theory and methods in collaboration research are discussed in
Section 7.1. Section 7.2 discusses possible future directions the study can take to
further support collaborative efforts in biomedical research. Section 7.3 closes chapter

with concluding remarks.

7.1 Contributions

7.1.1 Contributions to the Biomedical Informatics Field

Characterization of Multi-institutional Interdisciplinary Biomedical Collaboration
To date, very little has been known about multi-institutional interdisciplinary
biomedical collaboration. The research question posed in Chapter 1 was, “How can
biomedical informatics best support current multi-institutional interdisciplinary
biomedical collaboration?” As a first step to addressing the question, this research
identifies general characteristics of Multi-institutional Interdisciplinary Biomedical
Collaboration (MIBC) through a contextual field study. Chapter 5 describes these
characteristics in detail. As described, MIBCs are composed of core activities and
processes that happen throughout the life-cycle of collaboration, social and socio-
technical factors that impact the overall collaboration and external forces that also
influence collaboration but cannot be controlled from within (See Chapter 5, Figure 1
and Table 1 below). Some of these characteristics are similar for both MIBCs and other
collaborative settings, in support of which there already exists a large body of research
in other fields (Finholt 2003; Olson 2005). However, some of the processes related to
data and regulatory elements of collaboration are unique to MIBCs. The biomedical
informatics community should pay particular attention to these processes. In addition
to core activities and processes, there are also many social and socio-technical issues

associated with MIBCs. Although the biomedical informatics community alone might
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not be able to address themcompletely, these are factors that must be taken into account
as they try to support Multi-institutional Interdisciplinary Biomedical Collaboration
(MIBC).

Identification of Facilitators, Barriers, and Needs

As a second step to addressing the research question, this research takes a more
in-depth look at the core activities and processes that are integral to MIBCs. The core
collaborative activities and processes include: a) data, b) regulatory, ¢) communication,
d) administrative, and ¢) finding collaborators, and resources. Chapter 6 describes them
in detail with associated facilitators, barriers, and needs. These core activities and
processes are those that the biomedical informatics community can potentially address
to support MIBCs. The facilitators are factors that currently support or help in the
collaborative process. Biomedical informatics should continue to support facilitators in
current MIBCs if they are already in place, or should look for ways to implement them,
if not already in place. The barriers are factors that negatively influence collaboration.
These must be studied further and ways to alleviate these difficulties should be found.
The needs are the first items that the biomedical informatics can focus on in order to
remove some of the existing barriers. Ways to alleviate difficulties in complex
collaborative research can be looked for from both within and outside the field of
biomedical informatics. As described in Chapters 2 and 3, a large body of knowledge
about collaboration already exists in fields such as Computer Science (CS) and
Information Science (IS) and in the sub area of Computer Supported Cooperative Work
(CSCW). The biomedical informatics community should leverage some of the existing

research in collaboration.
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The Framework for Multi-institutional Interdisciplinary Biomedical Collaboration
(fMIBC)

Although general collaborative frameworks such as TORC already existed, no
biomedical context-specific framework existed to support MIBCs. Therefore, a
framework for multi-institutional interdisciplinary biomedical collaboration (fMIBC)
was developed through the contextual study described in Chapter 4 (to address Aim 3
in Chapter 1, Section 3). The fMIBC is represented graphically (see Figure 7.1) and the
factors internal to MIBCs are looked at in further detailed in Table 7.1. It lists all the
factors that exist within fMIBC and adds to Table 6.1. The fMIBC is grounded on the
contextual field research that was guided by the preliminary framework built upon
existing research on collaboration.

In this framework, federal and institutional factors external to collaboration
were grayed out because they are not issues that the biomedical informatics community
can readily influence. The factors internal to collaboration are composed of social and
socio-technical issues, and core collaborative activities and processes. Social and socio-
technical issues are factors that affect overall collaboration. Data, regulatory,
administrative, communication, and location of resources and collaborators are

identified as core collaborative activities and processes.
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A graphical representation of framework of Multi-institutional Interdisciplinary Biomedical

Collaboration (fMIBC).

155



156

Table 7.1
Tabular and categorical representation of the fMIBC corresponding to the graphical representation above.
Category Description
Ext, Int | | Federal regulations, Institutional review board
Ext, Int Common regulatory process
Int | Data warehouse, repository
| Int | File, data transfer
Int . | Data standards
Int Data security protocol
Int Project specific data, various data purposes
Int | Face-to-face meetings: local, conference
| Int | Email: asynchronous communication
Int | Phone, conference calls: synchronous communication
Int Communication technology limitation
| Int Technology enabling face-to-face: video conferencing
Int Collaborative technology, infrastructure
Int /.| Support personnel help
Int | Information distribution: websites, online technology
Int Schedule coordination
Int Access to information
Int Collaborative writing technology
| Int Social connections, existing relationships
| Int Social connectors
Int ) Researcher recruitment, Promotion
Int Distance, size of collaboration
Int Online directory, information resource
Int Developed relationship, trust
Int Common Ground
Int Contextual differences
Int Incentive for collaboration
Int Willingness
Int Time consuming, lot of work
Int Un-needed technology
Int Involvement, contribution
Int Insider vs. outsider
Legend
Ext - Factors external to collaboration
Int - Factors Internal to collaboration
Core - Core collaborative activities/processes
SSt - Social and Socio-technical issues
COM - Communication
ADM - Administrative
DAT -Data
FRC - Resource, collaborator location
REG - Regulatory
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A Checklist for the Evaluation of MIBC Infrastructure

The fMIBC can be used to inform the design and evaluation of informatics
infrastructure to better support MIBC. For example, the components of core processes
and activities in fMIBC can be readily turned into an evaluation checklist. One
example of such a checklist might be a list of the minimal set of infrastructure
requirements for MIBC (see Table 7.2 and Table 7.3 for sample evaluation checklists).
The evaluation checklist below is composed of the minimal set of infrastructure
requirements that MIBC needs to satisfy at the level of individual institutions (Table
7.2) and at the level of the MIBC as a whole (Table 7.3). The “must have” items in the
checklist need to be present in order for a MIBC to form and function successfully.
Factors in the desirables column are those that might not be essential for collaboration
to form and continue, but might help save a great deal of time and effort if they are

present. This is a directly useful tool that can guide the evaluation of any MIBC.

Table 7.2

A sample infrastructure checklist for multi-institutional interdisciplinary biomedical collaboration
infrastructure for individual institutions

Asynchronous Electronic mail, discussion or

communication | message board

Researchers must be able to
continue to communicate
regardless of the availability of a
person on the other end at any
particular time. Especially in
remote collaboration, the ability
to asynchronously communicate
is important due to time zone
differences and distance
separating researchers.




Table 7.2 (continued)
Synchronous Phone, cell phone, online chat, Videophone, videochat
communication | messenger
Researchers at remote locations Although synchronous
are often unable to conduct communication can be
meetings in person. Synchronous accomplished with voice or
communication tools enable text-only tools, having the
researchers to discuss research ability to see each other can
with each other in real time. greatly enhance the
communication experience.
Non-verbal cues can only be
obtained through mediums
such as video.
Face-to-face meetings
Face-to-face meetings are
indispensible even though much
of the communication in remote
collaboration occurs via
communication technology
Data Databases, file servers, Customized data management
management spreadsheets tools

Biomedical research generates a
large amount of data. Tools to
effectively manage data should
be provided.

Although basic spreadsheets
and databases can
minimally meet needs of the
researchers, having a data
management system that is
customized for the need can
benefit researchers.

Data security

De-identification protocols

Before data use, there must be at
minimum a data de-
identification protocol that
complies with federal
regulations.

Encryption, firewall,
authentication
Having more
comprehensive encryption
and authentication protocols
can add an additional level
of data security.

Schedule
coordination

Personal calendar (paper or
electronic)
Having a personal calendar,
paper or electronic enables
researchers to coordinate their
schedules.

Microsoft exchange, other

common calendaring tools
Having a common
calendaring system better
facilitates schedule
coordination (i.e. project
managers can set meetings
without having to ask every
individual for their
availability).

158
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Table 7.2 (continued)
Support Project managers Technical support
personnel Project managers ensure that the Remote collaborations
overall collaboration is running require researchers to use
smoothly and removes some of many technical tools.
the administrative burden from Technical support can aid
researchers. researchers through this
process.
Regulatory Local IRB approval
structure By federal regulation, any
biomedical research involving
human subjects must be
reviewed by an institutional
review board.
Table 7.3

A sample infrastructure checklist for multi-institutional interdisciplinary biomedical collaboration
infrastructure for the MIBC as a whole

Synchronous
communication
tools

Phone conferencing, online chat
Phone conference enables
meetings among collaborators
located remotely.

Video conference
Although remote meetings can be
accomplished with voice or text-only
tools, having the ability to see eah
other can greatly enhance the user
experience. Non-verbal cues can only
be obtained through a medium such as
video.

Annual conferences, meetings
Face-to-face meetings are
indispensible. Regular face-to-
face meetings and/or annual
conferences help researchers get
more face-to-face time.

Data storage

Data repositories, data warehouses
Biomedical research generates a
large amount of data. Tools to
effectively manage and store data
should be provided.




Table 7.3 (continued)
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Data sharing

Data standards across institutions
Institutions involved in
collaboration often have an
institution-specific way of storing
data. In order for data sharing to
occur, at least some portion data
must meet standards so that data
across multiple institutions can be
aggregated and shared.

Standardized data across institution
At minimal, data sharing can occur
by standardizing portions of already
existing data; however, having a
standardized format across all
institution facilitates more ubiquitous
sharing.

Data transfer

Electronic mail, postal mail
Since data is de-identified at the
institutional level, sending data
through electronic or postal mail
can be a way to minimally support

Secure data transfer tools
Even though data is de-identified at
the institutional level, securely
transferring data between institutions
through technology can greatly aid

data transfer. collaborative research.
Information Listserv Website resource
distribution Much information (i.e. A well-designed and easy to use
administrative, news, etc.) need to website with resources and
be distributed as a part of information can better facilitate
collaboration. Listserv can help information dissemination across
distribute information across multiple institutions.
multiple institutions.
Schedule Calendaring tools Common calendaring system across
coordination institutions
Calendaring tools can minimally A common calendaring system
help researchers schedule across institutions can help make
meetings. schedule coordination faster and
easier.
Collaborative Word documents Collaborative writing tools
writing A minimal level of collaborative Collaborative writing technologies
writing can be supported through that enables tracking changes and
tracking changes in Microsoft support simultaneous edits can
Word documents. greatly benefit the collaborative
writing process.
Regulatory IRBs working together Common inter-institutional IRB
Structure Multi-institutional collaboration

involves approval from multiple
IRBs. IRBs must work to get a
collaborative project approved.

Whether IRBs work together or not,
multiple IRB is time consuming and
difficult. Finding a way to have a
common inter-institutional IRB
would greatly aid collaborative
research
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Table 7.3 (continued)
Collaborator Web resource of researchers, Social connectors
and resource opportunities across collaboration
locator Web resource of researchers and Although a web-based information
opportunities help researchers source can minimally help
locate potential collaborators and researchers connect with
opportunities collaborators and find resources,
researchers often prefer and
knowledgeable social connectors to
get information.

7.1.2 Contribution to Theory

Verification of the Theory of Remote Collaboration (TORC)

The Theory of Remote Collaboration (TORC) described in detail in Chapter
2.2.1 is based on an evaluation of prior collaboratory studies and a survey about remote
collaboration (Olson 2005). The TORC was developed as a theoretical framework to
guide general research about collaboration; however, it has yet to be verified in a real
collaborative setting. This research began with a comprehensive literature review,
described in Chapter 3, which developed into a preliminary framework that extends the
TORC into the context of the biomedical setting. Through the contextual field research,
the preliminary framework was refined and verified as a framework for multi-
institutional interdisciplinary biomedical collaboration (fMBIC) (see Section 7.1.1,
Figure 7.1, and Table 7.1). Because this preliminary framework extended TORC, some
of the concepts in TORC were also verified (see Table 7.2, detailed description
available in Chapter 6).

The TORC and fMIBC align well in many areas. Although each collaboration
is unique, there are some underlying qualities that can be generalized across many
collaborations. Table 7.2 maps fMIBC concepts to TORC concepts. There are fMIBC
concepts that map directly to TORC and fMIBC concepts that are implied in TORC.
The concepts that map directly to concepts in TORC are more general and social in

nature (sce Table 7.2 under fMIBC Concepts That Map Directly to TORC). These are



collaborative concepts such as trust, common ground, and support for collaborative

processes that are generally applicable to all collaborations. The fMIBC concepts that

are implied in TORC are more specific and technical in nature (see Table 7.2 under

column fMIBC Concepts That are Implied in TORC). These are specific technologies

such as communication and data sharing tools that support collaboration.

Table 7.4
Verification of TORC by mapping with fMIBC developed through field data.
TORC Concepts fMIBC Concepts That fMIBC Concepts That are
Map Directly to TORC Implied in TORC
Nature of the | - Understanding of | FRC | Distance, size of SOC | Insider vs. Outsider
Work work collaboration
- Tightly vs.
loosely-coupled
work
Common - Mutual knowledge | SOC | Developed SOC | Insider vs. Outsider
Ground - Common relationship, trust
vocabulary
- gagt r_elatlonshlps SOC | Common ground
i oﬁgng common | goc | Contextual
& differences
- Common work
style
Collaboration | - Motivation: SOC | Common ground | SOC | Willingness
Readiness monetary, skill SOC Incentive for
- Benefit for all collaboration
participants SOC | Developed
- Trust or relationship, trust
contractual
agreement FRC | Social
- Goal alignment connections
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Table 7.4 (continued)
Management, | - Time and commitment | SOC | Time consuming, | COM | Asynchronous
Planning, - Face-to-face time a lot of work communication
Decision - Sense of contribution | coM | Face-to-face COM | Synchronous
Making -f{]rmcal mass at each meetings communication
site .
- Project management SOC Involyem'ent, ADM Ir}for_mat.lon
- Being informed contribution distribution
- Communication plan technology
- Oversight, advisory ADM | Support ADM | Schedule
committee personnel help coordination
- Policy compromises ADM | Access to
- Data management information
plan
- Fair decision making
Technology - Adoption of tools SOC | Un-needed COM | Asynchronous
Readiness - Appropriate technology communication
technology DAT | Data standards COM | Synchronous
- Beneficial technology L
o communication
- Interoperability . .
- Technical support ADM | Support COM | Video conferencing
- Data standards personnel help
ADM | Information
distribution
technology
ADM | Collaborative
writing technology
DAT | Data warehouse,
repository
DAT | File, data transfer
FRC | Online resource

Extension of the Theory of Remote Collaboration (TORC)

The concepts in Table 7.3 (detailed descriptions are available in Chapter 6) are

those that were not included in TORC that extend the TORC in the context of the

biomedical field. The majority of concepts in Table 7.3 are regulatory in nature. As

described in Chapter 3, Section 2.2, unlike collaborations in other fields, biomedical

research collaborations are highly controlled by federally mandated regulations (i.e.
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HIPAA). Although not a direct regulatory element, data security protocols are also
related to the regulatory process (as described in Chapter 5 Section 2.1). Since the
regulatory aspect is pervasive in all biomedical collaborations, these collaborative
elements are novel extension to the TORC in the context of the biomedical field.
Social connectors (described in Chapter 6, Section 5.2) is a concept especially
important in MIBCs since as mentioned in Chapter 1, Section 1, biomedical
researchers are highly competitive and MIBCs involve researchers from very different
backgrounds. Many researchers do not know who in other fields to connect with, even
if they have desire and reason to collaborate with another researcher with different
expertise. This competitiveness also hinders biomedical researchers from readily
seeking out new collaborators. Rather, they would be much more likely to collaborate

if they had a trusted social connector who referred them to the other researcher.

Table 7.5
fMIBC concepts that extend the TORC to the context of the biomedical domain

fMIBC Concepts Not in TORC (fMIBC REG | Institutional review board

Extension to TORC) REG | Common regulatory process
DAT | Data security protocol
FRC | Social connectors

7.1.3 Contribution to Methodology

Use of Qualitative Methods in Studying the Collaborative Biomedical Setting

More and more researchers have been using qualitative methods in the
biomedical setting since Diana Forsythe’s foundational works using qualitative
methods in this field (Forsythe 1992; Forsythe 1996; Forsythe 1998). Yet the use of
qualitative methods in biomedical research has been very narrow in scope. Thus far,
the qualitative methods in biomedical field have mostly been used to study
implementation of a single system or a tool (Ash 2003; Ash 2005; Anderson in Press),
or to develop a single protocol for a system design (Bartlett 2002; Bartlett 2005). This
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study was one of the first studies to broadly use qualitative methods to characterize a
large complex collaborative settings in the biomedical field. The framework resulting
from this study was able to extend an existing theory and aid in the design and
development of an informatics infrastructure. The result of this study illustrates that the
use of qualitative methods is a valid and practical approach to inform system design

and development of theory to describe a complex biomedical environment.

7.2 Limitations

This study has limitations that are inherent to any qualitative study. Field
studies are best used to capture complex settings; however, the broad nature of MIBCs
made it difficult for this study to gain more than a localized and constrained view of
MIBCs. Nevertheless, as described in Chapter 4.3.8, this study undertook steps to
minimize the limitations by closely following the methodological steps in Chapter
4.2.2 and 4.2.4. Multiple sources of data (interviews, observations, artifacts) were used
to triangulate and get a better understanding of the settings. Multiple sites were studied
to obtain results that are applicable to a broader range of settings.

A single researcher also lacks resources and time required to properly study the
multi-institutional setting. Due to the limited time in the field, this study does not
attempt to answer the questions of how relationships among themes make a given
MIBC better. Although the framework developed through this study is able to show
relationships among concepts related to MIBCs, only a longitudinal study that
examines a full set of MIBCs are able to establish what factors make MIBCs more or

less effective. Such longitudinal study is beyond the scope of this research.
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7.3 Future work

7.3.1 Refinement of the Framework for Multi-institutional
Interdisciplinary Biomedical Collaboration (fMIBC)

The fMIBC is based on a pool of existing research on collaboration and through
this research was refined and verified in a real context. However, MIBCs are also
complex social settings. No single MIBC is exactly like another and MIBCs like the
studies they are involved in are constantly changing. In order to support such a diverse
and changing setting, the fMIBC should be constantly refined through re-evaluations in
real settings. One of the future extensions to this study is to continuously gather and
evaluate needs and barriers of various existing MIBCs and refine fMIBC as MIBCs
evolve. Although generalizing such diverse and changing settings into a single
framework might be difficult, through continuous study and refinement, commonalities
can be gathered into a single framework that will guide the how biomedical
informatics’ supports MIBCs. The resulting framework will not only help evaluate the

existing MIBCs, but also assist initial formation and continuation of MIBCs.

7.3.2 Ways to Facilitate Inter-institutional Processes
Inter-institutional Processes

Inter-institutional processes occur when institutions engage in a collaborative
project where each institution has its own institutional processes that need to be
reconciled across multiple institutions. For example, every institution involved in
MIBC has its own regulatory practice as described in Chapter 6 Section 2. Federal
regulations (i.e. HIPAA) require that an institutional review board (IRB) reviews,
approves and monitors any biomedical research involving humans (HIPAA). To
comply with federal regulations, each institution has its own IRB that monitors this

regulatory process.
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One of the main barriers in MIBCs is in the difficulty of reconciling differences
in institutional practices to better facilitate inter-institutional processes. For example,
due to each institution having its own IRB, multi-institutional collaborative projects
need approval from multiple IRBs. As described in Chapter 6 Section 2.2, in order to
proceed with a multi-site collaborative project, a separate approval has to be received
from each IRB. Getting a research project approved by even a single IRB is not a small
task. Facing multiple IRBs, each with its own interpretation of federal regulations,
poses a great a difficulty for the researchers involved in MIBCs.

Yet every institutional IRB is regulated by common federal regulation. The
National Institutes of Health (NIH)’s information on IRB and HIPAA privacy rule
(NIH HIPAA) states that “an IRB must determine that specified criteria have been
satisfied”. Thus, although interpreted slightly differently by each, each IRB must
follow common HIPAA regulations and standards (HIPAA). The HIPAA regulations
and standards explicitly states the privacy rule, HIPAA statute, security rule, and
standards that each institutional IRB must follow. Thus, the IRB process for MIBCs is
composed of multiple individual IRBs all operating under common regulatory

guidelines, but with each IRB having its own institutional specific differences.

Dynamic Workflow System

Workflow research initially started with the problem of office automation,
attempting to model the flow of work through an organization to support collaborative
activity (Nutt 1996). However, first workflow systems were criticized for their rigidity
and lack of ability to tolerate changes and exceptions associated with the actual work
processes (Grudin 1994). Abandoning the rigid workflow model completely, the
Computer Supported Cooperative Work (CSCW) placed emphasis on the importance
of real life practices. CSCW research led to numerous groupware (i.e. video
conferencing, collaborative desktops) to support real-life, often unstructured

collaborative activities. However, due to the ad hoc nature of these tools, modeling,
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identifying exceptions and managing evolution of the processes became impossible
(Kammer). Later workflow research, influenced by the concepts from both views,
resulted in the concept of dynamic workflow. Dynamic workflow systems encapsulate
processes within an organization where each encapsulated process is composed of a set
of sub-processes with explicit exceptions to the main processs (Nutt 1996). Unlike
traditional workflow systems, dynamic workflow systems are flexible and are able to
support changes and unexpected occurrences within the processes they model

(Kammer).

Encapsulating Inter-institutional Process as Dynamic Workflow System

As described in Chapter 6, Section 2, one of the main difficulties MIBCs face is
the difficult IRB process that is composed of multiple institutional IRBs. Many
participants desired a common system that incorporates multiple institutional IRBs into
one IRB system. One of the ways to combine multiple institutional IRB into a single
IRB system is to develop a dynamic workflow system for the inter-institutional IRB
process. The IRB process in MIBC is composed of a large common set of rules
determined by federal regulation that must be followed by institutions along with
institution-specific differences in interpretation. The inter-institutional IRB therefore,
lends itself well to being encapsulated into a dynamic workflow system. The large
common set of rules that each institutional IRB must follow can be modeled into main
workflow processes and the institutional specific practices can be modeled as
exceptions to the main workflow. One of the future research directions stemming from
this study is to identify the main steps of the inter-institutional IRB processes (rules)
that are common across all individual institutional IRBs and also to identify differences
(exceptions). The common rules and exceptions can then be used to design a dynamic
workflow system (a common inter-institutional IRB system across multiple

institutions) that can automate an inter-institutional IRB process for MIBC. Such
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system can help save a large amount of time and effort and financial resources for
those involved in MIBCs.

7.4 Concluding Remarks

The results of this research do not provide solutions for all the difficulties that
exist in MIBCs nor do they provide a single magical formula for how to create a
successful MIBC. This study is only the first few steps towards answering the question,
“how can biomedical informatics better support the multi-institutional interdisciplinary
biomedical collaboration?” In order to alleviate the difficulties of the MIBC, the
biomedical informatics community must continue to study and improve upon new and
existing research. Furthermore, biomedical informatics should get involved early in the
process of MIBC formation and continue to be involved at every step. During the
initial planning and implementation, biomedical informatics should set up a
collaborative infrastructure that fits the characteristics of the collaboration. Throughout
the collaborative process, biomedical informatics should continuously support,
evaluate, and make appropriate adjustments to the ever-changing needs and
technologies of the MIBC. Only through these efforts can the biomedical informatics
community help alleviate the difficulties current MIBCs face and help these and new
collaborations to discover answers to the extremely important and extremely complex

research questions they strive to answer.
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Appendix A. Recruitment Email

Dear

b

I am a doctoral student in Biomedical Health Informatics at University of
Washington conducting field research for my dissertation, which focuses on
interdisciplinary collaborative researchers in biomedicine. I am seeking to recruit
individuals who are involved in collaborations who will allow me to observe and
interview them regarding their collaborative research practices.

Modern biomedical research has become increasingly interdisciplinary and
collaborative. To improve support of research collaboration, I am seeking to
understand complexities of the collaborative biomedical research setting. The purpose
of this research is to better enable and support interdisciplinary collaborative
biomedical research.

What I need from you:

Your participation can include any part of following:

+ Observations:
I would like to observe you involved in daily group activities such as group
meetings or group work within the institution, as well as meetings that occur with
groups external to the institution. During this process, field notes will be taken that
characterize the group collaborative processes (i.e. communication tools being used
during collaborative process, types of meetings). I will not record your identity
during the observation.

o Document examination:

I would be interested in examples of documents directly related to research
collaboration. Notes will be taken while examining documents involved in the
collaboration (i.e. text of research proposal (without budget information) for

mention of any informatics infrastructure, text of any collaborative activities that
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you are willing to share or catalog of any collaborative informatics infrastructure

involved in the project.
« Interviews:

I may ask to interview you regarding your perspective and involvement on

collaborative research processes. You might be involved in either a short interview

(lasting 15-20 min.) or a longer interview (lasting 40-45 min.) or both. I would like

to audio-record the interviews. I will provide a consent form for you to sign if you

agree to being interviewed.

I will schedule all appointments in advance at your convenience. Your participation
is completely voluntary and you can choose to stop at any time. Information about you
is confidential.

If you are interested in participating in the study or have any questions about the

study, please contact:

Eunjung Sally Lee, Ph.D. student (sallylee@u.washington.edu)
Thank you,
E. Sally Lee

Biomedical Health Informatics

University of Washington

*Please note, we cannot ensure the confidentiality of information sent via e-mail.
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Appendix B. Consent Form

UNIVERSITY OF WASHINGTON CONSENT FORM
Developing a framework for collaborative biomedical informatics infrastructure

to facilitate interdisciplinary biomedical research

Investigator:
Name: Academic Affiliation: UW College of : Medicine
Eunjung Sally Lee | University of Biomedical Informatics
Washington
Telephone: 206- E-mail:* sallylee@u.washington.edu
579-6570

*Please note, we cannot ensure the confidentiality of information sent via e-mail.

INVESTIGATOR’S STATEMENT

I am asking you to be in a research study. The purpose of this consent form is to give
you the information you will need to help you decide whether or not to be in the study.
Please read the form carefully. You may ask questions about the purpose of the
research, what I would ask you to do, the possible risks and benefits, your rights as a
volunteer, and anything else about the research or this form that is not clear. When all
your questions have been answered, you can decide if you want to be in the study or

not. This process is called ‘informed consent.’

PURPOSE OF THE STUDY

I want to better enable and support interdisciplinary collaborative biomedical research
through developing a framework for design and evaluation of informatics infrastructure
supporting collaboration. I would like to interview researchers involved in biomedical

collaborations about their experiences of collaboration and collaborative infrastructure.


mailto:sallylee@u.washington.edu
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STUDY PROCEDURES

If you choose to be in this study, I would like to interview you about your perspectives
and involvement on collaborative research processes. The interview will last about 1
hour and will focus on collaboration. For example, I will ask you, “What do you think
you would need to make collaboration easier or better?” “Please describe some
experiences you have had with technologies used in the collaboration process?” and
“What type of communication tools or methods do you use?” You do not have to
answer every question.

I would like to audio record your interview so that I can have an accurate record. I will
keep the audio recordings in a password protected computer. I will transcribe your
interview tape within 8 weeks of your interview, assign a study code to the transcript,

and destroy the recording.

RISKS, STRESS, OR DISCOMFORT
Some people feel that providing information for research is an invasion of privacy. I
have addressed concerns for your privacy in the section below. Some people feel self-

conscious when they are audio-taped.

ALTERNATIVES TO TAKING PART IN THIS STUDY

If you do not choose to be in this study, I will not interview you.

BENEFITS OF THE STUDY
I hope the results of this study will help us better enable biomedical collaboration and

thereby solving complex biomedical research questions to help broader community.

You may not directly benefit from taking part in this research study.
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OTHER INFORMATION

Taking part in this study is voluntary. You can stop at any time. Information about you
is confidential. I will code the study information. I will keep the link between your
name and the code in a separate, secured location until September, 2008. Then I will
destroy the link. If the results of this study are published or presented, I will not use
your name unless you have given us permission to do so.

Although I will make every effort to keep your information confidential, no system for
protecting your confidentiality can be completely secure. It is possible that
unauthorized persons might discover that you are in this study, or might obtain
information about you. Government or university staff sometimes review studies such
as this one to make sure they are being done safely and legally. If a review of this study
takes place, your records may be examined. The reviewers will protect your privacy.
The study records will not be used to put you at legal risk of harm.

I may want to re-contact you to clarify information from your interview. In that case, I
will telephone you and ask you for a convenient time to ask you additional questions
closely related to your interview. Please indicate below whether or not you give your
permission for me to re-contact you for that purpose. Giving your permission for me to

re-contact you does not obligate you in any way.

Eunjung Sally Lee

Signature of investigator Printed Name Date

Subject’s statement

This study has been explained to me. I volunteer to take part in this research. I have

had a chance to ask questions. If I have questions later on about the research I can ask
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one of the investigators listed above. If I have questions about my rights as a research
subject, I can call the University of Washington Human Subjects Division at (206)
543-0098. I give my permission for the researchers to audiorecord my interview as

described above in this consent form. I will receive a copy of this consent form.

I give my permission for the researcher to re-contact me to clarify information.

Yes No

Signature of subject Printed name Date
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Appendix C. Informational Interview Guiding Questions

1. Could you briefly tell me about the collaboration?
2. Could you tell me your reasons for being part of the collaboration?
a. How did you get involved?
3. Could you describe a general management or leadership structure of the
collaboration as well as any existing oversight committees or advisory board?
a. Could you tell me how institutions relate to this structure?
b. Could you tell me about any known long term plans for this collaboration? (i.e.
data produced, infrastructure)
4. Could you describe some of the members of the collaboration you closely work
with (i.e. Roles, Backgrounds) and how?
a. Where and how do you usually meet with your collaborators?
b. How important do you think trust is to maintaining the collaboration? (maybe)
5. Could you describe some of the communication, data or other collaborative
systems or tools you use?
a. Could you describe me how these systems work together?
b. Could you tell me about some systems that help collaboration?
c. Could you tell me about some systems that hinder collaborative activities?
d. Do you have any technical support for these systems?
e. Could you describe me any standards associated with these systems? (maybe)
6. Could you describe some examples of what you wish you had in terms of tools and
support for the collaboration?

7. Could you describe anything that comes to your mind that makes your day to day

collaborative activity easier or more difficult? (Focus on tools/systems/support)
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Appendix D. In-Depth Interview Guiding Questions

. Could you describe some of the technologies that you use during collaborative
activities?
(if not mentioned)

a. Could you tell me how information is shared?

b. How do you coordinate sharing and activities? (maybe not)

c. Standards??

d. Can you tell me anything about security issues associated with

collaboration?

. Could you describe me some of experiences where technologies were really helpful
during any collaborative activities?
. Could you tell me about experiences where you were either frustrated with
technology or felt they were inadequate?

a. Could you tell me if any type of support was available? (maybe)
. Thinking of during initial stages of collaboration, could you tell me your
experience using some technologies that helped during initial stages or
collaboration?

a. What would be helpful?

b. Frustration?
. Could you tell me about any known long term plans for this collaboration?
(i.e. data produced, infrastructure)

a. What comes to your mind when you think trust and collaboration?

. Could you describe some examples of what you wish you had in terms of tools and
support for the collaboration?

a. During initial stages?
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7. Could you describe anything that comes to your mind that makes your

collaborative activity easier? (maybe not)
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Appendix E. Observation Guide Sheet

Location description:

Number of people present:

Description of different types of roles people present play:

Collaboration tools descriptions (meeting medium, communication systems, etc.):

Any mention of management structure associated with collaboration?

Any mention of common collaboration goal?

Any mention of mechanism for sharing data or analyzing data?

Any specific good or bad experiences related to collaboration technology?

Any mention of technical support or lack there of, related to collaboration?
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Below are roughly analyzed themes emerged from 1% interviews that guided ond

interview questions.

F.1 Factors contributing to the continuation of collaboration

Some of the concepts emerged from the interviews as factors that contribute positively

to the continuation of collaboration. These are factors that give participants a sense of

focus for the collaboration they are part of, or a sense of belonging and understanding

for the other researchers in collaboration they are part of.

Code Description Setting
Project group Participants often identified himself/herself with certain projects (i.e. | GH
identity Cancer research, Breast research), separating themselves apart from

other projects within the Cooperative or Network structure.

Participants often would use “we” for their own project as supposed

to “they” when they were referring to others they might be

marginally involved in, but not feel part of.
Institution and Participants often identified themselves with the Institution GH
Network identity (Cooperative) or Network. They often used “we” in both referring to

Institution (Cooperative) and Network since their relationships with

others existed both within and outside Cooperative itself (which

could have been another layer of Identity).
Research area Participants also identified themselves specifically to the type of GH
identity research area they are involved in. This identity did not have the

boundary of project group or network/cooperative identity. The

researchers in same research area interest often collaborated

together.
Identity for There was also an idea of how identity could improve a way forthe | GH
competitive edge researchers to work together and make them more competitive.
Common vision, Participants talked of having some sort of common vision, GH,
Understanding, understanding or like-mindedness within Network/Cooperative. This | TH
Like-mindedness is related to team spirit and collaborative spirit. This concept

associated with identity in a sense that they feel they belong through

certain collective identity.
Trust, commitment | Participants spoke of trust and commitment as something that is part | GH,

of collaboration. TH
Existing The participants often spoke of how there are many existing GH,
relationships relationships among researchers in their field and within network. TH
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Many of their collaborative projects start through existing
relationships and affiliations. Whether it is participant initiated or
initiated by others, the collaboration starts due to participant
knowing that person. When the project idea forms, participant often
looks for those among his/her known network and affiliations to
choose to participate with since they know the other researcher and
can depend on existing relationship.

Communication
importance

Participants acknowledge that communication is very important in
collaboration, for solving problems or just keeping the collaboration
alive.

GH

Face to face
meeting

Face to face meetings were thought to be a nice addition to any type
of e-mail or phone conversation.

GH,
TH

Close relationships

The participants often spoke of how close relationships among
researchers are important in maintaining collaboration. Both formal
and informal relationships among members of collaboration were
thought to be important. Close relationships build trust,
understanding, respect for one another, and honesty, all of which are
important for collaborative effort.

TH

Importance of a
team

A good team, especially of interdisciplinary in nature, is thought to
be important for individual researchers. Team structure helps to see
new perspectives, generate new ideas, connect to other researchers,
create opportunities, and support researchers in their research.

TH

Willingness

Willingness to be open to collaboration is important in starting and
maintaining collaborative projects. It is thought that collaboration is
not something that can be forced and it is a concept that needs to be
in the minds of researchers before having to be part of it.

TH

Importance of
focus

Having a focus and related agenda was key to maintaining tight
collaboration.

TH

Mentorship

For junior investigators, it was important to have a good
mentorship/leadership to support them through research process.

TH

F.2 Factors contributing to start of collaboration

Some of the concepts emerged from the interviews as factors that contribute positively

to starting collaboration. These are resources that help participants to connect to other

researchers to collaborate, and reasons for doing so.

Code Description Setting
Outside network The participants often collaborated with academic institutions and GH
collaboration outside community researchers.
Connecting through | The participants often became involved in collaborative projects GH
mentors through their mentors.
Existing The participants often spoke of how there are many existing GH,
relationships relationships among researchers in their field and within network. TH
Many of their collaborative projects start through existing
relationships and affiliations. Whether it is participant initiated or
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initiated by others, the collaboration starts due to participant
knowing that person. When the project idea forms, participant often
looks for those among his/her known network and affiliations to
choose to participate with since they know the other researcher and
can depend on existing relationship.

Promoting network | There were lot of promotions of network and collaborative projects, | GH
giving visibility via publication, lectures, and being part of the
community.

Reason for One of the main reasons for collaborating with other network GH

collaboration; Data | researchers was the need for extra or different set of data.

Reason for One of the reasons for collaborating with other network researchers | GH

collaboration: was the need for an expertise in certain area.

Expertise

Reason for One of the reasons for collaborating with other network researchers | GH,

collaboration: was the need for funding. TH

Funding

Finding When there aren’t already established relationships existing within | GH,

collaborators: cold | network researchers or affiliates, outsiders connect through online TH

call, online resources such as websites or through funding resources. There

resources resources need to be set up properly if collaborations are to happen.

Connecting through | The participants often became involved in collaborative projects TH

mentors through their mentors.

Institutional support | Having support of certain institutional or department for TH
collaboration was helpful in creating collaborative opportunities,
both in terms of funding and connecting people.

F.3 Barrier to collaboration: both initiating and continuing

Some of the concepts emerged from the interviews as factors that might be possible

barriers to either initiating or continuing collaborative research. These are factors that

often promote isolation among researchers, such as local, institutional, and funding

differences, and difficulty in finding collaborators.

Code

Description

Setting

Institution/Network
vs. Outsider

Participants often set themselves apart from outsiders (i.e.
university) with this identity of Cooperative/Network. They often
spoke of “we”, referring to within network. They alluded to how
they are separate from outside network researchers. This concept of
“outsider” often posed difficulty of network researchers working
with outsiders because of the lack of contextual sensitivity and
differences in perspective of outsiders to insider.

GH

Project/Grant based
funding

The funding was associated with the large projects within each
network, where each large project was often funded by a different
funding agency. This created a different project having different
relationship with its funding agency as well as having to manage
project in different way due to funding.

GH
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Site and project Each institute has its own site-specific data and way of managing. GH
specific data This is due to institutional differences, different data needs as well
as project funding related differences. Some of the data across these
institutions are aggregated for different projects. Each of these
projects also has their own specific way of managing data due to
their different data needs.
Institutional and Even though research network is formed, institutions and projects GH
project differences all have their differences, structurally, size and funding-wise. This
creates variability in terms of their capacity to unify their
infrastructure for collaboration as well as their capacity to
participate in various projects. This might result in strained
relationship between institutions and projects.
Unwillingness Participants acknowledged the existence of unwillingness to GH
collaborate due to feeling threatened or due to simple lack of desire
to work together. Not all researchers had collaborative spirit.
Insularity Projects are often insular in that they do not look at other projects GH
who are dealing with same issues
Difficulty of passing | It is difficult for a new person to learn the context quickly. GH
on contextual
knowledge
Purpose of data The purpose of why data was created is different from how they are | GH
used later. The data is often created for administrative/business
purposes and later, thought to utilize it for research purpose. Maybe
because of this, data might be more difficult to use or not live up to
their expectations.
Difficulty of It is difficult to disseminate project resources, because it is not easy | GH
disseminating to know who these resources need to reach among vast project
information groups.
Difficulty of change | Change of any kind is difficult, especially within large GH
collaboration.
Lack of experts in Research collaboration activities are limited in the network due to GH
certain research area | lack of experts in certain research area. Because collaborative
projects require researchers within network to be interested in those
projects, without the necessary experts in various areas to be
interested in projects, the projects have no chance of starting.
Difficulty of finding | Participants spoke of how finding collaborator is difficult due to GH,
collaborator lack of knowledge in how to and difficulty of obtaining information | TH
due to size of network.
Difficulty of Recruiting new researchers into certain environment is sometimes GH
recruiting new difficult.
researchers
Difficulties and Participants spoke of some of the difficulties they had using TH
Limitations of technology to communicate and meet. Because technology is an
Technology important part of being able to communicate during remote
collaborations, some of the frustrations voiced could have affect on
overall collaboration. Various methods were employed by
individuals to alleviate some of these technical difficulties.
Difficulties of Aside from technical difficulties, some difficulties of remote TH
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remote collaboration

collaboration were mentioned, from coordinating time to keeping
up with others’ work and awareness of the project as whole.

F.4 Facilitating the process of collaboration

Some of these concepts emerged as the factors that facilitate the process of

collaboration. These are factors important to day-to-day operation of collaboration and

keeping collaborative projects on track to do what they were intended to do.

Code

Description

Setting

Data standardization

In order to aggregate data across different sites and/or projects,
standards are used. There are some variables common to all
studies, but other ones are usually added. Each site has to keep
their data in this agreed standard format.

GH

Data sharing, resource
protection

Because data are being aggregated and shared, there has to be
some sort of data sharing protocol in place (also known as data
use agreement). This is for resource protection as well as for
institutional review process. Each project/collaboration has to
have this in place in order to proceed.

GH,
TH

Communications by
phone

Collaboration involves a lot of phone communications, both one
on one and conference calls.

GH,
TH

Communication by
email

Collaboration involves a lot of email communication for contact,
introductions, project announcements, etc.

GH,
TH

Meetings

Collaborations also involve a lot of meetings, both face to face
and conference-based scheduled regularly and with set agendas.
These meetings are often for updates, to keep agenda on track and
are important for collaborative activities.

GH,
TH

Committees

Collaborations have lots of committees for set agendas and goals.
These committees are in charge of specific goals and are
important for collaborative activities.

GH

IRB

IRB was one of the primary concerns for all participants in
regards to multi-site collaborative efforts. Due to differences in
IRB for all sites, the researchers were burdened with having to go
through multiple IRBs to form multi-site collaborative projects.
Such difficulty will impact researchers’ desire to do collaborative
projects.

GH,
TH

Collaborative
research support

Collaboration is a difficult process and especially one that spans
multi-site. Participants indicated that the process of collaboration
needed a lot of support. When support or champion for the
collaborative process exists, it fosters collaboration while those
without are not as involved with collaborative process.

GH

Infrastructure

Participants had mixed opinions about technical infrastructure.
There were specific components of infrastructure that was
working well for people while others, not so much. The
infrastructure didn’t seem to be all working well together and due
to variability in funding mechanisms and institutional differences,

GH
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finding a common infrastructure scheme was a challenge.
However, technical infrastructure was not something voiced as
being a big problem for the collaborations.

No good infrastructure exists

Infrastructure doesn’t all work together

Infrastructure working fine

Infrastructure variability due to management and project
differences

e Technology is really not barrier

e Building on previous infrastructure

e Infrastructure challenge: Adaptability, flexibility

Infrastructure: data
warehouse

One of the most frequently mentioned infrastructure was data
warehouse. The data warehouse and online data wiki accessing
data warehouse were actively in use by various projects. Although
slowness was the problem, the accessibility, flexibility, and
frequent updates were noted as good points.

e Data warehouse

Data warehouse is working well

Data warehouse being used by multiple projects

Data warehouse slow

Data wiki: Accessible, flexible, frequently updated

GH

Infrastructure: online
resources

Online resources such as websites, wiki, and repositories were
also mentioned by participants as being use. However, websites
still lacked desired capabilities, and were thought by some
participants as not very useful.

Websites

Repositories

Wiki

Collaborative writing

Website not so useful

e  Ease of use needed

GH

Infrastructure: Online
directory

Participants mentioned online directory as possible solution to
being able to find collaborators better. However, online directory
for some projects didn’t exist possibly due to reluctance of
researchers and lack of ease of use.

e Need for online directory

e  Lack of online directory

e  Reluctance for online directory

GH

Coordination and
facilitation

Due to multiple projects and agendas associated with the team,
someone has to coordinate and facilitate each to make sure all are
heard equally.

TH

Archiving

Archiving was important to the collaborative group. One of the
primary reason why certain technology was selected to be used
was the archiving feature.

TH
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F.S Long-term collaborative issues
Often, collaborative projects do not think beyond the funding period. For long-term
collaboration, thinking beyond the funding period is important.

Code Description Setting
End of funding | There was a problem of what to do once the funding ends. The GH
issue resources that existed during funding might not be available afterwards,

so unless there was some planning of what will happen to infrastructure
that existed during funding, after funding, it might be lost.




Appendix G. Preliminary Codes and Categories

G.1 Codes and categories emerging from GH site

Category 1: Collaborative Process Related

Finding collaborators/resources

Timeline: Pre-project
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active recruitment via publications, lectures, conferences and
being part of the community. Such active promotion and
recruitment might alleviate problem of lack of experts in
certain area.

Code Description Data | Effects
Online directory, | Online directory of researchers or information on resources LAO| +w
information and opportunities were mentioned as a
resource technology/infrastructure that might help alleviate the

difficulty of finding resources/collaborators due to size and

distance.
Distance and size | Due to remote nature and large size of collaboration, it is hard I -
of collaboration | for researchers to keep track of all the new opportunities,

collaborators or resources available.
Existing social Many of their collaborative projects start through existing I +
connections relationships and affiliations. Whether it is participant

initiated or initiated by others, the collaboration starts due to

participant knowing that person. When the project idea forms,

participant often looks for those among his/her known

network and affiliations to choose to participate with since

they know the other researcher and can depend on existing

relationship. The participants also became involved in

collaborative projects through their mentors.
Administrative Difficulty of finding collaborators can be alleviated by having 1 +
personnel/Match | administrative personnel who can connect researchers
makers together. These “matchmakers” have knowledge of the

context (i.e. organizational structure, researchers and their

backgrounds) and are well-known and trusted. They are thus

able to help form collaborative projects by connecting

researchers together.
Researcher Research collaboration activities are limited in the network LAO +
recruitment, due to lack of experts in certain research area. There were
Promotion mentions network and collaborative project promotions and




Information, Data sharing

Timeline: Pre/During/Post project
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Code Description Data | Effects
Data security Due to security concerns, extra steps need to be taken to LAO -
protocol, de- protect data through de-identification and careful protocol.
identified data
File transfer File transfer technology is often used to transfer data and ILLA +
technology, Data | information between researchers, enabling sharing.
wiki
Data warehouse, | One technology mentioned that help facilitate storage of LA, O +
repository research data was data warehouse.
technology
Standards for In order to aggregate data across different sites and/or LA +
data projects, standards are used. There are some variables

common to all studies, but other ones are usually added. Each

site has to keep their data in this agreed standard format.
Project specific Each institute has its own site-specific data and way of I -
data, various managing. This is due to institutional differences, different
data purposes data needs as well as project funding related differences.

Some of the data across these institutions are aggregated for

different projects. Each of these projects also has their own

specific way of managing data due to their different data

needs. The purpose of why data was created is different from

how they are used later. The data is often created for

administrative/business purposes and later, thought to utilize

it for research purpose. Maybe because of this, data might be

more difficult to use or not live up to their expectations.
Common, easy Researchers often mentioned they would like easier access to I w
access to information or data. Data or information were often spread
information out over multiple places or were not able to be accessed other

than at certain places.

Communication
Timeline: Pre/During/Post project

Code Description Data |Effects
Email, Email was technology often used in every aspect of ILO +
Asynchronous collaboration and was perceived as an essential technology.
communication Collaboration involves a lot of email communication for

contact, introductions, project announcements, etc.
Face-to-face, Collaborations involve a lot face-to-face meetings. These LAO +, W

local, conference
meetings

meetings perceived as helpful and essential in every step of
collaborative process, from the formation of ideas to
continuation of relationships. Participants voiced wish for
opportunity for more face-to-face time. Collaborations also
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involve a lot of meetings, both face to face and conference-
based scheduled regularly and with set agendas. These
meetings are often for updates, to keep agenda on track and
are important for collaborative activities.

Phone, cell Collaboration involves a lot of phone communications, both LLA,O +
phone, one on one and conference calls.
conference calls,
Synchronous
communication
Video Because the modern day collaboration is often remote and it is I w
communication, | difficult economically and time-wise for actual face-to-face
Technology communication, researchers often desired technology that
enabling face-to- | would enable such type of communication.
face
communication
Administrative processes
Timeline: Pre/During project
Code Description Data |Effects
Support Collaboration is a difficult process and especially one that LA, +
personnel spans multi-site. Participants indicated that the process of O
collaboration needed a lot of support. When support or
champion for the collaborative process exists, it fosters
collaboration while those without are not as involved with
collaborative process.
Common Standardization of processes or guidelines of steps involved in LA +
process, various aspects of collaboration help guide those involved in
Standardization, | the difficult processes of collaborative projects.
Templates
Information Although a lot of information has to be disseminated and LO +w
distribution distributed to researchers involved in collaboration, the
methods of doing so was not very efficient or often difficult.
Participants wished for a better way of doing this task.
Committees, Collaborations have lots of committees for set agendas and LA, +
Agenda goals. These committees are in charge of specific goals and are O
important for collaborative activities.
Schedule Collaborative projects often have to deal with researchers’ I w, +
coordination busy schedule, varied locations and remote distances where
coordinating meetings and schedules become very difficult.
Having some sort of ability to have a common calendar system
across institutions and researchers were viewed as helpful.
Websites, online | Websites or other online technologies were often used to LA, +, -
technology disseminate information. Researchers had mixed opinions O
regarding these technologies. If they were built to support
collaborative processes, they could be very helpful, it not,
useless.
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Timeline: Pre/During project
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Code Description Data |Effects
Insufficient There’s often mention of funding limitation. Because funding IO -
funding is always limited and/or under funded, only the most crucial
collaborative processes are supported. Some of the negative
effects of limited funding are: not being able to involve all
those who wish to participate in a project, not being able to
have more comprehensive infrastructure, having difficulty
funding preliminary stages of projects before funding, and
having to work beyond work hours to finish end of funding
deliverables.
Project-based The funding was associated with the large collaborative I -
funding projects within each network, where each project was often
funded by a different funding agency. This created a different
project having different relationship with its funding agency as
well as having to manage projects in a different way.
Institutional, federal regulatory processes
Timeline: Pre project
Code Description Data |Effects
Federal Federal regulatory process, IRB was one of the primary LA, -
regulations, concerns for all participants in regards to multi-site o
Institutional collaborative efforts. Due to differences in IRB for different
review board sites, the researchers were burdened with having to go through
multiple IRBs to form multi-site collaborative projects.
Common To alleviate some of the difficulties of multiple regulatory LA, w
regulatory processes, participants talked of a wish for common regulatory 0]
process process and tools to support it.
Category 2: Social issues surrounding collaboration
Timeline: Pre/During/Post project
Code Description Data | Effects
Contextual Even though research network is formed, institutions and LA, -
differences projects all have their differences, structurally, size and 0]
funding-wise. This creates variability in terms of their capacity
to unify their infrastructure for collaboration as well as their
capacity to participate in various projects. This might result in
strained relationship between institutions and projects.
Developed Participants spoke of trust and commitment as something that LLO +
relationships, is an integral part of collaboration. The participants often spoke
Trust of how there are many existing relationships among
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researchers in their field and within network.

Time consuming,
lot of work

Collaborative project is often time consuming and requires lot
of effort and work compared to non-collaborative projects. The
more institutions and/or researchers are involved, more
difficult it becomes due to the institutional specific processes
or researcher-specific quirks and practices.

Unwillingness

Often those involved in collaboration, whether individual or
institution, are protective of their own work/resources/data and
are unwilling to share them. Participants acknowledged the
existence of unwillingness to collaborate due to feeling
threatened or due to simple lack of desire to work together. Not
all researchers had collaborative spirit.

Incentive for
collaboration

Collaborative projects are often motivated by incentives such
as gaining new knowledge, resources/funding, data, and
expertise. Without incentive, it is difficult to overcome the
difficulties of collaboration.

Common ground

Common ground referring to: common goal/vision, like-
mindedness, shared interest, common work ethics/style,
personality match and is related also to team and collaborative
spirit. Participants talked of having this common ground with
those they collaborate with.

LA

Involvement,
contribution

Feeling of contributing to project or feeling of being involved
in collaborative processes is important. If a researcher or
institute feels as though it is only providing data or is involved
in name only, there is not incentive enough for them to
continue with the collaboration.

LA

Inside vs.
Outsider

Participants often set themselves apart from outsiders (i.e.
university). They often spoke of “we”, referring to insiders.
They alluded to how they are separate from outside network
researchers. This concept of “outsider” often posed difficulty
of network researchers working with outsiders because of the
lack of contextual sensitivity and differences in perspective of
outsiders to insider.

LA

Change
management

Changes in structure, technology, processes are difficult, but
collaborative projects often involve changes due to contextual
differences across collaborators.

Category 3: Technical issues surrounding collaboration

Timeline: Pre/During/Post project

Code

Description

Data

Effects

Technology not
based on need

Technology without need, technology that does not support the
process were not used or made collaborative processes more
difficult.

I,O

Technology is
not a solution

Many participants voiced their opinion that though technology
might enable collaboration, it is not solution to difficulties
existing in collaborative projects.
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Collaborative Collaborative technologies or infrastructure to help LA +
technology, collaborative processes were generally thought to facilitate
infrastructure collaboration through bridging distances, enabling
communication, and enabling collaborative processes.
G.2 Codes and categories emerging from TH site
Category 1: Collaborative Process Related
Finding collaborators/resources
Timeline: Pre-project
Code Description Data | Effects
Existing social Many of their collaborative projects start through existing LA +
connections relationships and affiliations. Whether it is participant initiated
or initiated by others, the collaboration starts due to participant
knowing that person. When the project idea forms, participant
often looks for those among his/her known network and
affiliations to choose to participate with since they know the
other researcher and can depend on existing relationship. The
participants also became involved in collaborative projects
through their mentors.
Institutional help | Having support of certain institutional or department for I +
collaboration was helpful in creating collaborative
opportunities, both in terms of funding and connecting people.
Administrative processes
Timeline: Pre/During project
Code Description Data | Effects
Setting Agenda | Collaborative projects require agendas to keep track of what IO +
needs to be done and who needs to be heard.
Coordinating Collaborative projects often have to deal with researchers’ I -
schedule busy schedule, varied locations and remote distances where
coordinating meetings and schedules become very difficult.
Information/Data sharing, dissemination
Timeline: Pre/During/Post project
Code Description Data | Effects
Data warehouse, | One technology mentioned that help facilitate storage of LA, +
repository research data was data warehouse. 0]
technology
Data security Due to security concerns, extra steps need to be taken to IO -
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protocol, de-
identified data

protect data through de-identification and careful protocol.

Communication

Timeline: Pre/During/Post project

Code Description Data | Effects
Phone, cell Collaboration involves a lot of phone communications, both LA, +
phone, one on one and conference calls. 0]
conference calls,
online chat,
Synchronous
communication
Email, Email was technology often used in every aspect of LA, +
Asynchronous collaboration and was perceived as an essential technology. o
communication Collaboration involves a lot of email communication for
contact, introductions, project announcements, etc.
Face-to-face, Collaborations involve a lot face-to-face meetings. These L A, +,w
local, conference | meetings perceived as helpful and essential in every step of 0
meetings collaborative process, from the formation of ideas to
continuation of relationships. Participants voiced wish for
opportunity for more face-to-face time. Collaborations also
involve a lot of meetings, both face to face and conference-
based scheduled regularly and with set agendas. These
meetings are often for updates, to keep agenda on track and are
important for collaborative activities.
Limitations of Participants spoke of some of the difficulties they had using ILLO -
communication | technology to communicate and meet. Because technology is
technology an important part of being able to communicate during remote
collaborations, some of the frustrations voiced could have
affect on overall collaboration. Various methods were
employed by individuals to alleviate some of these technical
difficulties.
Video Because the modern day collaboration is often remote and it is w
communication, | difficult economically and time-wise for actual face-to-face
Technology communication, researchers often desired technology that
enabling face-to- | would enable such type of communication.
face
communication
TH codes — Social issues surrounding collaboration
Timeline: Pre/During/Post project
Code Description Data | Effects
Common ground Common ground referring to: common I +

goal/vision, like-mindedness, shared interest, common work
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ethics/style, personality match and is related also to team and
collaborative spirit. Participants talked of having this common
ground with those they collaborate with.

Developed
relationships,
Trust

Participants spoke of trust and commitment as something that
is an integral part of collaboration. The participants often spoke
of how there are many existing relationships among
researchers in their field. The participants often spoke of how
close relationships among researchers are important in
maintaining collaboration. Both formal and informal
relationships among members of collaboration were thought to
be important. Close relationships build trust, understanding,
respect for one another, and honesty, all of which are important
for collaborative effort.

Team benefits

A good team, especially of interdisciplinary in nature, is
thought to be important for individual researchers. Team
structure helps to see new perspectives, generate new ideas,
connect to other researchers, create opportunities, and support
researchers in their research.

LA

Mentorship

For junior investigators, it was important to have a good
mentorship/leadership to support them through research
process.

LLO

Willingness

Willingness to be open to collaboration is important in starting
and maintaining collaborative projects. It is thought that
collaboration is not something that can be forced and it is a
concept that needs to be in the minds of researchers before
having to be part of it.

L,O
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Appendix H. Progression of Preliminary framework Development

H.1 First version of framework after few iterations of refinement

Pre Project

Finding collaborators,
resources

{#) Administrative personnel,
Matchmakers

(-) Distance, Size of
collaboration

(+w.*, +) Online information
resource, Directory

{+) Existing social conneclions
(-#) Lack of researchars
(+:,*) Recruitment, Promation

Financial

(-#) Insufficiant funding
(-} Project-based funding
(w) Sufficient funding

Institutional, federal

regulatory processes
{~,*) Federal regulations,
institutional review board

(w.**) Common regulatory
process

During Project

Administrative

(+xv»,*) Support p |
(+.*) Committess, Agenda (+w) Common calendar

(+.m.,+) Common process,
Standardization, Templates

(w.*) Training in collaborative
processes

Information/Data sharing, dissemination

(+,*,#+) Data warehouse/repository  {+-, *,*) Websites, online
(+.*) File transfer, data wiki I&i*&‘&!ﬂ%n. eagy access to info
(+.+) Data standard (+.w.#) Information distribution

() Project specific data, (w) Collaborative writing tech
various data purposes

(-,*,*) Data security protocol,
de-identified data

Communication

(+.w.2,%) Face-to-face, local,
conference meetings

(w) Video communication,
Technology enabling face-to-face

(+.*) Email, Asynchronous communication

communication (++,*) General communication

¢} Guidslines, protocols not
followed

(+, *,*) Phone, cell phone,
conference calls, Synchronous
communication

Collaborative process-related codes

Pre Project

Other collaborative codes

During Project

Social issues surrounding collaboration

() Unwillingness
{-*,*) Contaxtual differsnces
) Inside vs. Outsider

(+.#) Comman ground

(+) Incantive for collahoration
{+,°) Involvement, contribution
() Time consuming, lot of work (- »,+) Change management
(+.) Developed relationship, Trust

Technical issues surrounding collaboration

{+) Colieborative technology, infrastructure
(-*) Technology not based on need
- .*»*) Reinventing wheels

() Technology is not a solution

(-) Coordinating schedul (+4*) End of fundi

Post Project

3
@

+: Help/Facilitator
-: Barrier/Difficulty
w2 Wish list

= Artifact supported

* Ohsarvation suppartod

Post Project

+ Help/Facilitator
- Barrier/Difficulty
w Wish fist

« Artifact supported

« Observation supported



H.2 Second version of framework after more iterations of refinement

+ Help/Faclitator

-t Barrer Difticulty _.-=====1 Issues surrounding overall collaboration ]~--~._

wv. Wish list R
a Artifact supported e
0 Observation supparted ’d

Core collaborative activities
during research

- "~

Information/Data sharing

Processes before

,<"|_collaborative research |, (-+0) Data security protacol

¢+, 3) File transter, datawiki

conferarce meetings

(+, 8, @) Phane, cell phons, conterence
calls, Synchronous comm

W) Video communication, Technology
enabling face-to-face communication

‘
‘
i
[
[
H
H
) 1
i
! M . [
i 4 L} [ e
' Regulatory ; : : :+. -; II;) Deta warehousetspositary Social issues
. +, a) Data stardard .
! (- 8 0) Federal regulations, H HE ) Profect specific data (-, a, o) Contextued ditererces
i Instiutional review board H H ' (+, 0) Developsd reiationship, Trust
E (w, 8, 0} Common regulatory ! o (w) Commen, easy aceess {o info (3 Time coneuming, lot of werk
i pracess ! [ {9 Unwilingness
N P -
1 H b Administrative (+3 Incentive for coltabaration
i i ]
' Financial H I (+, -, a, 0) Weksites, online tech (+, a) Common ground
! (-,0) Insufficlent funding H ) (+.w, 8, 0) Supporl personnel (+, @) Invoivement, contrioution
B () Project-based furiding - (+.w, 8, @) Common process, (-, @) Inside vs. Outsider
H { Y ¥ Standardizetion, Templates. (-, 8, 0) Change management
' - ' HA (+,w, 0) Information distrioution
s H H
! Finding collaborators, resources : : i (+, 8) Committess, Agenda Technical issues
H W, online i ' Schy
N Fulhdy Sttt : . 4] Sehadue coxinaton (.0 Technalogy not based on necd
' {-) Distancs, Size of collaberation H (] ) Technalogy Is not & soiution
! (+} Existing social connections H . Communication ¢+, a) Collaborative tachnology
¢ (+3 Administrative personnel, ' - (+, 0) Email, Asynchronous comm
H Metchmakers ! [ Faceto e tocat
i ¥
' (+. 8, ©) Reqrutmert, Promation ; I (+.w, &, 0) Face-to-fece, lacal,
T
L) 1
[
t 1
'

2 areas that informatics might help facilitate T

H.3 Third version of framework after more iterations of refinement

Socia-téchnical issues
surounding [ N S T e
collahoration

Core collabarative
processes, activities

Communication

Finding resources,
collaborators

Dayto day operation

N
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