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Challenges in large-scale bioinformatics projects
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Biological and biomedical research is increasingly conducted in large, interdisciplinary col-

laborations to address problems with significant societal impact, such as reducing antibiotic

resistance, identifying disease sub-types, and identifying genes that control for drought tol-

erance in plants. Many of these projects are data driven and involve the collection and

analysis of biological data at a large-scale. As a result, life-science projects, which are fre-

quently diverse, large and geographically dispersed, have created unique challenges for

collaboration and training. We examine the communication and collaboration challenges in

multidisciplinary research through an interview study with 20 life-science researchers. Our

results show that both the inclusion of multiple disciplines and differences in work culture

influence collaboration in life science. Using these results, we discuss opportunities and

implications for designing solutions to better support collaborative tasks and workflows of life

scientists. In particular, we show that life science research is increasingly conducted in large,

multi-institutional collaborations, and these large groups rely on “mutual respect” and col-

laboration. However, we found that the interdisciplinary nature of these projects cause

technical language barriers and differences in methodology affect trust. We use these find-

ings to guide our recommendations for technology to support life science. We also present

recommendations for life science research training programs and note the necessity for

incorporating training in project management, multiple language, and discipline culture.
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Introduction

Life-science research—which encapsulates a wide range of
biological and biomedical research—is responsible for many
major scientific findings in the past decade. Such findings

include the completion of a near perfect error-free human gen-
ome (Miga, 2020), the rapid sequencing and assembly of the
SARS-COVID19 genome (Fernandes, 2020), the identification of
nearly 70,000 extant vertebrate species (Rhie, 2021), and the
definition of Parkinson’s disease sub-types for efficient ther-
apeutic development (Kenneth, 2018)—just to name a few. One
of the main drivers of these, and countless other discoveries in life
science has been the development of technologies that are capable
of identified the DNA, RNA or amino acid sequence corre-
sponding to a biological sample. One of the first technologies—so
called first generation sequencing technologies—was capable of
sequencing a couple of thousand nucleotides of a DNA sample
per day. This technology was fundamental to the sequencing and
assembly of the first human genome (International Human
Genome Sequencing Consortium, 2001; Venter, 2001). Since then
sequencing technologies have increased their throughput
(meaning the amount of DNA they can sequence at a given time),
decreased their cost, and became highly accurate (Bansal and
Boucher, 2019; Lang, 2020). Currently, it is now feasible to
sequence an entire human genome in less than day and for less
than one thousand dollars (Giani et al., 2020).

Sequencing technologies take as input a biological sample and
produce a sequence of signals that are then interpreted to produce
the string of DNA, RNA or amino acid. In the case of next
generation sequencing, the signal produced is fluorescent light
that can be viewed under a microscope that can be translated into
a nucleotide (A, C, G, or T) sequence, and in the case of mass
spectrometer there is ion/mass charge that is interpreted to
produce an amino acid sequence corresponding to a peptide. All
of these technologies have been dramatically advanced over the
past couple decades, and other laboratory methods (such as
optical mapping (Mukherjee, 2018)) have been automated (Giani
et al., 2020). Even though one of the drivers of this advancements
has been human genetics, very few other life science areas remain
untouched by the discovery and advancement of sequencing
technologies. Plant biology (Waese, 2017), soil sciences (Bajpai
et al., 2021), species evolution (Funk et al., 2018; i5K Consortium,
2013; Luikart et al., 2018; Rhie, 2021), extinction of animal species
(Humble, 2020; Shapiro, 2017), and creation of synthetic species
have all been advanced due to the creation of these technologies.

What is underlying these technologies is the analysis of data,
which frequently requires more time than the generation of the
data itself. Pollack (2011) states that “The field of genomics is
caught in a data deluge. DNA sequencing is becoming faster and
cheaper at a pace far outstripping Moore’s law, which describes
the rate at which computing gets faster and cheaper. The result is
that the ability to determine DNA sequences is starting to outrun
the ability of researchers to store, transmit and especially to
analyze the data.” Prior research (Morrison-Smith et al., 2015)
showed that in order to overcome the challenges of analyzing
data, life science researchers collaborate with researchers and
trainees in different disciplines, locations, and institutions. Yet
earlier research on interdisciplinary science showed that scientific
projects that depend on a large number of institutions and dis-
ciplines are less successful than those relying on fewer (Cum-
mings and Kiesler, 2005; Kiesler and Cummings, 2002); here,
success was defined to include metrics such as graduate and post-
graduate supervision, the number of related projects, the fre-
quency of project meetings, and the likelihood of having created a
project-related course. These findings are compounded by prior
work showing that the development of communication technol-
ogy has negatively impacted projects by hindering information

sharing (Hinds and Mortensen, 2005), delaying outcomes
(Espinosa, 2004), and causing misunderstandings (Cramton,
2001). Because technology has advanced substantially since these
prior works, it is natural to ask whether advances in the devel-
opment of new technology and refinement of existing tools have
circumvented these problems of coordination—and if not, what
issues remain.

This paper focuses on the challenges of interdisciplinary col-
laboration in life science. We aim to uncover how researchers
from various backgrounds and expertize communicate to perform
data analysis from the perspective of life scientists that generate
data as a means towards a scientific goal. Follow-up work could
reverse this perspective to understand the challenges faced by the
researchers in computer science, statistics and data analysis. In
light of this focus, we conducted semi-structured interviews with
life science researchers from nine research institutions. We per-
formed a bottom-up analysis by constructing an affinity diagram
to identify themes related to our goals, which we then correlated
to themes from prior work. Our results show that both inter-
disciplinarity and differences in work culture and practices affect
collaboration in life science. We contextualize our result in cur-
rent research and hence, show that many of the challenges
identified in prior work (Olson and Olson, 2000, 2006) persist
today in spite of technological advancements. We conclude by
offering new perspectives insights for interface and software
development, and providing recommendations for training pro-
grams to better prepare trainees for collaboration in life science
research.

Related work
Here, we examine studies that have identified the factors influ-
encing scientific collaboration and training.

Collaboration has been extensively studied over the past several
decades from a variety of perspectives including the sciences
(Armenteras, 2021; Olson and Olson, 2000, 2006) and the
humanities (Balestrini et al., 2021; Canfield, 2020; Cooke et al.,
2017). This research has uncovered challenges resulting from lack
of adequate support for collaboration across geographical, insti-
tutional, and disciplinary boundaries (Jirotka et al., 2006). Life-
science research is commonly multi-institutional, and therefore
may face challenges related to remote work including, but not
limited to, the lack of the motivational sense of the presence of
others (Olson and Olson, 2006), difficulty establishing and
maintaining trust (McDonough et al., 2001; Olson and Olson,
2006; Sarker et al., 2011), increased intra-team conflict due to us-
vs-them attitudes (Armstrong and Cole, 2002; Cramton, 2001),
and coordination difficulties caused by reduced number of over-
lapping work hours between collaboration sites (Battin et al., 2001;
Casey and Richardson, 2004; Kiel, 2003). In addition, due to the
interdisciplinary nature of these collaborations, it is possible that
life scientists also face challenges related to group composition due
to lack of common ground (Cundill, 2019; Maynard and Gilson,
2014), socio-cultural distance (Hinds and Bailey, 2003; Mortensen
and Hinds, 2001; Swigger et al., 2004), and differences in work
culture (Cundill, 2019). Each of these challenges has been exten-
sively discussed in recent work exploring the challenges associated
with remote work by Morrison-Smith and Ruiz (2020). However,
despite decades of research focusing on collaboration challenges,
recent work has revealed that life scientists are still encountering
problems when collaborating (Morrison-Smith et al., 2015). This
indicates that there is a clear need to further investigate the col-
laboration challenges faced by life science researchers.

A number of prior works have focused on the importance of
transdisciplinary and interdisciplinary training in a variety of
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contexts including, but not limited to social work (Kemp and
Nurius, 2015), medicine (Nash, 2008), and multidisciplinary
research in general (Stokols, 2013). However, despite what we
know about collaboration, there has been a lack of research
focusing on collaboration-based training in the life sciences.
There is an abundance of research focusing on supplementing life
science education by training life scientists to program (Goodman
and Dekhtyar, 2014; Mangul et al., 2017; Mariano et al., 2019;
Qin, 2009), use bioinformatics software (Attwood et al., 2017;
Miskowski et al., 2007; Ranganathan, 2005), and conduct data
science (Emery et al., 2021) in order to carry out their research.
However, despite calls for increasing multidisciplinary training in
life science (Cech et al., 2000; The National Research Council,
2000) research exploring training life scientists to work and
communicate in interdisciplinary collaborations has been much
more limited.

In 2008, Stokols et al. (2008) identified that models to guide
the development of transdisciplinary training curricula remain
to be developed and tested. Since then, Misra et al. (2011) has
identified institutional factors that facilitate transdisciplinary
training in health research. In the process, they recommended
that transdisciplinary training strengthen individuals’ commu-
nication skills that build and sustain cooperation among team
members, management strategies for resolving interpersonal
conflict, and foster the ability to reach a consensus regarding
research goals and visions to reduce task-related uncertainty.
However, these recommendations appear highly general and
lack insight into how they could be integrated into training
specific to life science. Additionally, Sturner et al. (2017)
recently implemented a one-hour professional development
course aimed at undergraduate students participating in the
National Institute for Mathematical and Biological Synthesis
Summer Research Experience that focused on developing col-
laboration skills. They identified that among other considera-
tions, communication, setting concrete goals, and developing a
shared mental model were the top three most important skills
that students identified they needed to foster in order to facil-
itate teamwork. However, further research is required to iden-
tify methods for training these skills in a manner that prepares
students for life science research. Thus, the question of how to
prepare trainees for collaboration in life science research
remains open.

Furthermore despite what we know about collaboration, there
has been a lack of research focusing on collaboration-based
training in the life sciences. There is an abundance of research
focusing on supplementing life science education by training life
scientists to program (Mangul et al., 2017; Mariano et al., 2019;
Qin, 2009), use bioinformatics software (Attwood et al., 2017;
Miskowski et al., 2007; Ranganathan, 2005), and conduct data
science (Emery et al., 2021) in order to carry out their research.
However, despite calls for increasing multidisciplinary training in
life science (Cech et al., 2000; The National Research Council,
2000) research exploring training life scientists to work and
communicate in interdisciplinary collaborations has been much
more limited.

Methods
In this section, we describe the participant recruitment, their
demographics and workflow, the data collection, and the data
analysis. All procedures performed in studies involving human
participants were in accordance with the ethical standards of the
institutional and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. The study was
approved by the University of Florida Institutional Review Board
(IRB201602178).

Participants. A total of 20 life science researchers aged 28 to 64
(mean = 41.26, standard deviation= 9.64, 10 female) from nine
universities and research institutions located in the United States,
Canada, Australia, and China participated in this study. We used
data saturation (Bonde, 2013) to establish our sample size, i.e.,
data collection terminated once further sessions resulted in
minimal new information. We recruited participants via science
discussions on Reddit (Reddit.com, 2017) and email. Each par-
ticipant was in life science (Table 1). Their current scientific
projects varied significantly by size, ranging from two colla-
borators to over 50. We recruited several participants (P1-9) from
an existing collaborative project; whereas the remaining were
independent of each other.

Our participants communicated that they seek to answer a
variety of scientific questions that include the following:

● Immunology: prevention, mitigation, and control of infec-
tious diseases affecting humans and animals.

● Animal sciences: improving public food safety associated with
consumption of meat products, or consumer demand and
satisfaction with these products.

● Plant biology: understanding and mitigating the physiological,
genetic and biological effects of environmental stressors on
plants.

This is not an exhaustive list but rather gives some specific
examples of the breadth of research that our participants aimed to
advance. Although our participants are seeking to answer a
diverse set of research questions, we found that their projects
followed very similar workflows, which can be broadly defined as
collection, extraction, preparation, and sequencing of biological
material. The resulting data are then transferred to the
participants’ computer or server and analyzed.

During the collection phase, cells or other biological material of
interest are acquired naturally or purchased from a scientific
vendor. Upon arrival in the lab, an experimental protocol is
performed. After the experiment, the biological material (DNA or
RNA) is extracted from the organisms using laboratory methods.
These samples are first prepared for sequencing and then sent to

Table 1 Atomized description of the 20 participants. Their
identifier, scientific discipline, and academic position
are given.

ID Research area Title Location

P1 Epidemiology Adjunct Faculty Canada
P2 Animal Sciences Faculty United States
P3 Epidemiology Post-Doc United States
P4 Microbiology Faculty Australia
P5 Plant Biology Faculty United States
P6 Epidemiology Faculty United States
P7 Biology Faculty United States
P8 Bioinformatics Faculty United States
P9 Animal Sciences Faculty United States
P10 Immunology Post-Doc United States
P11 Industrial Hygiene Post-Doc United States
P12 Veterinarian Faculty United States
P13 Biology Faculty United States
P14 Epidemiology Faculty United States
P15 Proteomics and

Metabolomics
Faculty Lab
Director

United States

P16 Agriculture and Food
Systems

Faculty United States

P17 Plant Biology Faculty United States
P18 Plant Biology Post-Doc China
P19 Animal Sciences Faculty United States
P20 Animal Sciences Faculty/ Chair United States
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an off-site sequencing facility, where each sample is provided as
input to sequencing machines. The output of the sequencing
phase is a specialized text file (e.g., fastq), which is then
transferred from the sequencing facility back to the participant’s
computer via SFTP, Windows Remote Desktop, or, when data is
too large to easily transmit, a portable hard drive. The sequencing
facility can be extremely geographically distant (e.g., the Beijing
Genome Institute in China) or near (e.g., at the same institution).
Data analysis frequently consists of some combination of
bioinformatics and statistics, and may result in scientific
conclusions or suggestions for follow-up studies. These steps
may be done by multiple scientists or institutions, since specific
expertize is needed for each step.

Data collection. We collected data through a series of semi-
structured interviews focusing on the identified research
questions, allowing us to cover additional topics as they
occurred, and thus lessening the probability that important
issues would be missed (Lazar et al., 2010). We interviewed
local participants at their primary workspace (office or lab),
and interviewed the remaining participants via Skype or over
the phone. The interviews were ~30 to 60 min in duration and
were recorded in audio format, then later transcribed verbatim.
Our protocol was approved by our Institutional Review Board
(IRB201602178). Participation in interviews was voluntary and
participants did not receive compensation. Data is publicly
available at https://anonymous.4open.science/r/collaboration-
data-sharing-data-7F0E.

Data analysis. We performed a bottom-up analysis of partici-
pants’ responses by constructing an affinity diagram—which is
also known as the KJ method (Beyer and Holtzblatt, 1998; Sub-
ramonyam et al., 2019)—to expose prevailing themes in the sci-
entists’ research goals and work practices. This approach follows
methodology for qualitative analysis via coding as outlined by
Auerbach and Silverstein (2003). Unlike in qualitative coding,
however, instead of each researcher independently organizing
data followed by calculating the group’s inter-rater reliability, a
quantitative measure, the five researchers analyzing the data came
to a consensus on all responses. This is appropriate for semi-
structured interviews as qualitative coding results in the possi-
bility of applying the same code to different sections of the
interview (Jun et al., 2018). We then examined themes from prior
work, which enhanced our interpretation of the interview data
and allowed us to draw comparisons between our findings and
prior knowledge, highlighting new discoveries. This insight
facilitated the recommendations for design and training.

Results
We found a clear relationship between the size, distribution, and
number of varied disciplines included in a team. Our participants
expressed that this was primarily due to the need for expertize
and resources—it is unlikely that one researcher has all the
necessary expertize to answer a research question with a sig-
nificant societal or scientific impact.

I have limited abilities, there are some things I know how to
do and a bunch of things I don’t. A lot of the collaborations
have addressed scientific questions that I would have
otherwise not have been able to do with my skill set. (P16)

This need for expertize was one of the primary drivers in
dictating the size, geography and disciplines needed of a project.
Here, we summarize our main findings that largely stem from the
interdisciplinary nature of the projects. Table 2 highlights data
supporting each key finding.

Communication barriers reduce project efficiency. Team
members who have shared experiences (e.g., share a common
vocabulary) have fewer difficulties collaborating remotely (Olson
and Olson, 2000). This phenomenon is supported by our data in
that 17 of our participants with different backgrounds, i.e., less
common ground, encountered language barriers that inhibited
collaboration by requiring extra effort to successfully discuss
project goals and tasks. Hence, we found our participants
encountered technical language barriers because they lacked the
background necessary to understand all portions of the project.
These language barriers affected the ability of researchers to
communicate about project goals and individual tasks, making it
difficult to understand how their research fit into the whole. The
predominance of jargon and the tendency for some words to have
different meanings in the context of other scientific fields further
exacerbated these difficulties To address these challenges, our
participants attempted to mimic the language of their colla-
borator(s) by describing their methodology at a high level, which
they thought was easier for their collaborator(s) to understand.

Sometimes it’s taking something that is complicated and
explaining so it’s understandable. That’s difficult. You have
to speak in terms of their language. (P7)

Aside from language, twelve of our participants indicated that
interdisciplinary and multi-institutional teams experienced dif-
ferences in scientific methodology or standards. Moreover, these
disparities had a significant impact on the project by requiring
that the participants have additional discussions to come to a
consensus regarding protocol and, in some cases, redo aspects of
the project using different techniques. In some projects,
experiments cannot be redone, in which case the participants
felt they must reformat the data or “work with what [they] get"
(P7). In a worst-case scenario, improper technique can make the
data unusable:

She’s probably spent 50 to 100 thousand dollars on
sequencing and has nothing to show for it simply because
proper controls weren’t done. (P8)

Lastly, since participants needed to provide a substantial
amount of background when discussing almost any aspects of a
project, they felt that the processes of initiating and participating
in this dialog can be time-consuming and inefficient to achieving
the project goals. Thus, the participants often felt that the only
solution was to trust that their collaborator(s) knew what they
were doing for their part of the project and vice versa.

Mutual respect and trust is necessary for project engagement.
The interdisciplinary projects our participants engaged in often
also resulted in different methodological approaches to science,
which could influence the participants ability to trust their col-
laborator(s). In turn, this sometimes led to feelings on mistrust in
a collaborator’s competence, impeding progress when previous
portions of the project are redone or verified. This is expressed by
P7 when they question the methodology, leading to perceptions
of quality of work, and translating into mistrust regarding the
quality of a collaborator’s output or data:

It’s hard because if you’re receiving samples from them, or
you’re receiving a protocol, or they’re sharing information,
the way they would have done it, the method or technique,
is much different from what you did. And there might be
some disparities there, or I might have even an issue with
how it was done and the quality of how it was done. (P7)
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Ultimately, fourteen of our participants felt that the projects
where there was a significant amount of “mutual respect”
(P8,P17) were more successful than those where some team
members felt under-appreciated and under-prioritized. Interest-
ingly, we found instances where the work culture shifted from
collaborative to competitive—namely when interdisciplinary
teams increased expertize in a specific area, this frequently lead
to territorial issues. Our participants, such as P3, expressed that
the addition of collaborators in a project can pose challenges if
the expertize overlaps because there is potential for territorial
actions that foster animosity and jeopardize the project’s success
(e.g., competition for funding sources):

Because you are working in the same field and you are
doing the same stuff, there is more potential for territorial
actions versus when you are working with people totally
outside, they have their own funding sources. (P3)

The outcome of mistrust or lack of mutual respect within the
project was frequently interpersonal conflict leading to detach-
ment or disconnection of the project. This detachment, in turn,
can cause researchers to drop out of the project, leading to
increased costs in terms of time and funding to complete the
project. In some cases, interpersonal conflict could interfere with
the publication of a completed project.

People creating conflict. If they were sort of ad-hoc projects
where there were not a lot of funding in place, then they
would tend to fade away you know, evaporate.... If there

was funding on the line and the project was centered here, I
end up having to pick up the pieces for what they were
doing. And it usually took longer. Sometimes we had to find
additional funding because of those failures. Sometimes,
and almost inevitably put publication of the research in
jeopardy. And some of those projects, well they may have
been completed, but they’ve never been published. (P6)

Large, distributed teams lead to reduced engagement. We
found that eight of our participants were more likely to feel
disconnected when collaborating in large distributed groups than
smaller ones. These participants felt that large group meetings are
a “waste of time” (P16) due to both inefficiency and a tendency
for conversation topics to interest only a few collaborators at a
time. This lack of interest is partially due to the structure of the
projects consisting of multiple phases, each of which is more
interesting to some researchers than others.

There were little bits that were sometimes important to me
that I had to share but I would usually sit there with my
phone on mute, doing something else waiting for my ears to
perk up for something that was like what’s going on with
this. So it was probably a fair amount of wasted of time. The
fraction of the call that was important to the average
individual, was quite small. (P16)

In these situations, our participants viewed discussions about a
phase that they are not particularly concerned with as going into
too much unnecessary detail, and thus lose interest. They

Table 2 Overview of major findings with example quotes from each challenge.

Challenge # Ps Example quotes

Communication barriers reduce project efficiency 17 “I think it can be difficult to explain ideas, and it can also be difficult to explain technical
details just because, you know, either side doesn’t have the complete expertize of what the
other person is more familiar with. However usually, you know, it gets hashed out through
enough communicating”—P5
“There is sometimes differences in vernacular and language and technical language that’s
used to discuss things. And so you have to have constant communication so that
everybody understands”—P7

Disparities in methodology or standards require
additional communication

12 “The quality of the data that was generated by the collaborator was really poor and it’s not
going to be able to be published. So because they specialize in a particular technique to
generate that data, I’m not going to be able to go back and redo it or find somebody else to
do it.”—P5
“If you’re receiving samples from them or you’re receiving a protocol or they’re sharing
information the way they would have done it, the method or technique is much different
than how you did. And there might be some disparities there, or I might have even an issue
with how it was done in the quality of how it was done.”—P7

Mutual respect and trust is necessary for project
engagement

14 “It’s about the respect. It’s not the size. It’s not it’s not how small it is, how big it is. It’s how
respectful all of them are to each other and the greater group. If you have a thousand
people and they all respect the view of the other, it’ll go smoothly. If you have two people
who can’t decide on what day it is, it’s going to be a fight the whole way. So it’s about
mutual respect.”—P8
“We work well together and we really respect each other’s thoughts and opinions and
each other’s sort of areas.”—P1

Large, distributed teams lead to reduced
engagement

8 “I would usually sit there with my phone on mute, doing something else waiting for my
ears to perk up for something that was like what’s going on with this. So it was probably a
fair amount of wasted of time. The fraction of the call that was important to the average
individual, the call was quite small.”—P16
“So many people involved. So people that can’t really contribute, that aren’t really
engaged.”—P19

Perceived priorities are difficult to gauge 8 “One of the one of the biggest difficulties is having collaborators who are really busy and
they have multiple other projects going on. And your collaborative project may not be their
highest priority or even if it is their highest priority, they still have to sort of split their effort
amongst multiple projects.”—P13
“It’s like I can’t directly tell how they put our collaboration project into the priority.”—P1
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described this issue as being especially prevalent in large,
interdisciplinary projects where collaborators are perceived to
be apathetic or uninterested in the details of the project that are
not directly related to their field.

It is pretty easy for some researchers to drop out of the mix
in a large group and that can ultimately be, you know, a
herald of death for the whole thing, right? (P12)

One participant (P19) observed that enthusiasm varies through-
out the life of the project, depending on how much the researcher
cares about that stage. They observed that researchers are typically
the most excited at the beginning of the project and later are
interested in the results, but lose focus during the middle. This
fluctuation in interest levels has important implications for design
of training programs to ensure the engagement of the trainees.

Perceived priorities are difficult to gauge. We identified dif-
ferences in priorities—or perceived priorities—of collaborators as
a challenge associated with interpersonal dynamics that especially
affected six of our life scientist participants. Researchers are fre-
quently involved with multiple scientific projects, and, thus, they
prioritize their efforts.

One of the biggest difficulties is having collaborators who
are really busy and they have multiple projects going on
and your collaborative project may not be their highest
priority. (P13)

Our participants found it frequently difficult to tell whether a
collaborator is prioritizing the project and thus, when they are not
“pulling their weight” (P17). This is frequently manifested when
lack of informal interactions led to doubts about their
collaborators’ prioritization of the project, creating concern that
a vital part of the project would not be completed. Hence, this
sense of project involvement is particularly important when
researchers are concerned that improper prioritization jeopar-
dizes the project’s timeline. In these situations, our participants
sometimes used email to gauge their interest—a collaborator who
responds quickly to email is more likely to be prioritizing the
project than one who takes weeks or even months to respond.

It can be really hard to tell where they put our collaboration
project into priority, but you can tell from email comment
—sometimes you can tell they’re working and I get email
back really soon, but sometimes it’s like after a couple of
weeks may be months then I get a response. (P18)

In some cases, collaborators are even encouraged to drop out of
a project, sometimes with a recommendation for a new
collaborator, if they are unable to complete their portion in a
timely manner. Hence, resolving this issue is complicated and
frequently requires additional work on the side of the researcher
who is waiting. This issue sometimes caused researchers to make
extra work for themselves—such as doing everything in their
power to make it more convenient for their collaborators to
complete their part of the project.

First I do what I can do on my side and then try to make
everything easier and convenient for my collaborators (P18)

Discussion
Over the course of our investigation into the challenges faced
by life science researchers, we identified several key issues that

specifically affect life science collaborations: “mutual respect”
is important; interdisciplinary causes technical language bar-
riers; differences in methodology affect trust; and perception
of a collaborator’s priorities can cause unnecessary work.
These key findings demonstrate that collaboration challenges
are still impacting life science, despite years of collaboration
research. In this section, we discuss the implications of our
results for the design of technology and for training in life
science.

Implications for design of technology
Support documentation and discussion of scientific knowledge. Our
results show that involving various disciplines creates language
barriers that delay life science projects. Despite this effect, we also
find that multidisciplinary collaborations are likely to continue to
be the norm for these types of projects, given their potential to
assist in answering broad scientific questions. Therefore, new
tools are needed to lower the language barriers and support
discussions around scientific knowledge that go beyond current
communication tools that simply support communication (e.g.,
email, Zoom (Zoom Video Communications Inc., 2020), and
Slack (Salesforce Inc., 2021c)) over geographical distance. We
envision systems that enable teams to both document and discuss
activities and methods throughout the project life cycle while
providing tools and techniques to minimize language barriers.
For example, we envision a specialized word processor similar to
Microsoft Word Online (Microsoft Inc., 2021b) or Google Docs
(Google Inc., 2021a) that enable remote collaborators to colla-
boratively work on a document and easily import output of
computational programs. To minimize the language barriers, the
system could provide easy lookup of specific terminology,
method, and datasets through a context menu (i.e., right clicking
or hovering over a specific text). This would enable a researcher
unfamiliar with a term or method to look-up more information.
The context menu can also enable easy linking to shared datasets.
These methods not only help minimize language barriers, which
will promote more discussion across all members of the team, but
also provide more transparency on the approach individual team
members are taking so that their is less concern around differ-
ences in research methodologies.

Support creation of collaborations with mutual respect and trust.
Participants frequently stated that mutual respect and trust were
necessary for project engagement and success. However, the need
to find expertize in an specific area often results in the creation of
a team where trust has not been previously established. To avoid
these issues researchers often constrain teams to their current
network of collaborators and when forced to reach out rely on the
collaborators of trusted collaborators. For example, one partici-
pant stated:

So they had collaborated with my advisor before and so
they needed some of that specific skill. So they called us for
other grants. It’s usually because the people they’re like, first
of all, we know them. We know we can work with
them. (P3)

This suggest the need of to capitalize systems that focus on
social networking to create a space that enable researchers to
precisely specify their expertize and specify their past and current
collaborators. This would create a social network where
researchers who are starting a new project can find new
collaborators by searching for a particular expertize, and by
determining how the potential collaborators relate to their prior
collaborations. The ability to know how the new collaborator fits
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within their research network, new teams would have more
common collaborators, which would result in higher initial trust
and respect. In addition, the network should also enable to see
how potential collaborators’ expertize may or may not overlap
with the current teams expertize. This is important as participants
mentioned that too much overlapping of expertize can result in
conflict and unhealthy internal competition.

Greater support for management of scientific projects. Participants
from our study often commented on that since their collaborators
often worked on several projects, they had a difficultly gauging
status of their collaborators’ tasks, which lead to them question-
ing their collaborators’ priorities. Although software has been
developed to assist in creating and running data analysis pipelines
(e.g., Galaxy (Afgan et al., 2018)), there is a need for a project
management system explicitly tailored to life science pipelines
and life science project workflows. We envision a system devel-
oped to support a life science project life cycle similar to those
that have been developed to support software engineering (e.g.,
agile development software). These systems are unique in that
they not only would require task management, but also enable
effective sharing of datasets, analysis pipelines, and project results.
To support task management, these systems should enable to
collaborators to create milestones and tasks, assign tasks, and
specify the status of tasks. The system should also enable
researchers to specify tasks that are dependent on one another. In
this case, the system should notify members of a task chain
notifying them that the dependent task has been completed and
the new tasks may now begin. This would enable the researchers
to focus on doing science instead of managing the handoff of
tasks. Together, these the proposed features would enable a
shared sense of ownership of the project while also providing a
better sense of each members progress toward the shared goals.
We envision that these systems could also provide support for
automation. For example, a data analysis pipeline can be set up
such that when new datasets are added to the shared project, the
pipeline is automatically run with the new dataset and the results
are stored and shared. The system would also allow researchers to
view and visualize (when appropriate) all results of a pipeline to
enable comparisons between pipeline executions and datasets.

Implications for training in life science
Life science requires multidisciplinary training. Despite the issues
related to interdisciplinarity in life science collaborations, it is
unlikely that future collaborations will consist only of collabora-
tors from the same field due to the need for specific expertize and
resources to answer broad research questions with significant
societal or scientific impact. Furthermore, researchers appreciate
the resulting increase in the range of scientific perspectives and
potential for gaining new insight, making it more likely that
multidisciplinary collaborations will be pursued. Addressing the
challenges associated with the inclusion of multiple disciplines in
a collaboration will therefore be crucial in life science training
programs. Moreover, the participants were more engaged and had
higher perception of their colleagues work when they were
knowledgeable of that proponent of the project.

Therefore, one—perhaps most obvious—finding of our work is
need for life science training programs to be multidisciplinary.
Our participants felt that although they may not need to actively
participate in all aspects of the project, they would be more
engaged if they had knowledge of each proponent of the scientific
process. Moreover, our finding suggest that this would lead to an
increased appreciation of colleagues’ contributions. Training
programs also need to accommodate the discussion and
negotiation process as methodologies and data sharing standards

evolve, rather than just facilitate a decision of which techniques
should be used.

Training should break down language barriers via standardiza-
tion. Cummings and Kiesler (Cummings and Kiesler, 2005) work
found that projects incorporating multiple disciplines had as
many positive outcomes as projects involving fewer. Our findings,
however, indicate that projects with high-field heterogeneity face
challenges in the form of language and background barriers, and
thus align with the findings of Kiesler and Cummings (2002) that
discipline influences project success. This finding is particularly
problematic for life science since the bulk of the researchers’ work
is highly technical and requires conveying specific knowledge of
terminology and methodology. While prior work has examined
the challenges resulting from differences in project-related ter-
minology (Morrison-Smith et al., 2015). For example, “test pro-
cedure” and “phase completion” are not necessarily analogous to
the all scientific fields, and terms are frequently specific to a sub-
discipline of life science, e.g, “contig” is used to define “a set of
overlapping DNA segments that together represent a consensus
region of DNA”. Furthermore, the transfer of this knowledge is
unavoidable since it is impossible for a single researcher to have
all the expertize required to complete a project with high societal
impact. Participating in additional dialogs to overcome these
barriers can further slow the progression of the project. Training
programs should provide mechanisms for facilitating, simplifying,
and documenting these conversations. Documentation should be
done in a manner that allows users to search for abstract repre-
sentations of information, as discussed by Olson et al. (2008).
One way to achieve this is through standardization of terminol-
ogy, which implies instruction on contextualizing scientific terms.

Life science requires training in project management. The need for
explicit management details how collaborations require addi-
tional management to overcome the challenges associated with
being dispersed geographically or larger in size (Olson and Olson,
2006). We found several instances of this additional work, par-
ticularly when coordinating meetings (especially across multiple
time zones and in different languages) and ensuring that everyone
is up-to-date with the project status. While it is well documented
that scientists do not like explicit management (Olson and Olson,
2006)—and our own findings suggest that scientists are not
interested in micromanagement and rather prefer ad-hoc colla-
borations—several participants specifically acknowledged this
need for explicit management by describing “a good PI” as
someone who dedicates time to ensure that all portions of the
project are “moving forward”(P19).

Our findings suggest that mechanisms for training in explicit
management should be available, as they are necessary for large-
scale project and may not encounter as much resistance as
previously thought. For example, funding agencies could mandate
or strongly suggest a formal management training program for
the Co-PIs, so that they are better able to execute the type of
explicit management that is required for large collaborative
projects. In addition, our results imply that formal and explicit
training in project management should also be available for
students in life science. We recommend that universities and
other training intuitions offer certificate programs in project
management. The curriculum for these certificate programs could
include formal pedagogy from the team science research
literature, as well as experiential activities.

Work culture of disciplines needs to be incorporated into training
programs for life science. Our results provide answers to the
research question about the influence of work culture on life
science research. While Walsh and Maloney (2007) asserted that
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remote collaborations do not experience more challenges asso-
ciated with culture than co-located teams, results from our study
demonstrate that differences in work culture, particularly work
practices regarding methodology and data sharing, profoundly
affect collaboration in life science. Like McDonough et al. (2001),
we found that differences in work practices and culture pose
additional challenges in project management and coordination.
For life science projects, differences in methodology can call into
question the quality of completed work, resulting in delays caused
by redoing procedures. Hence, our recommendation is that sci-
entific programs in life science (bioinformatics being inclusive of
that definition) take a short, required course in differences in
related to discipline culture, which include methodology, data
sharing, grant writing procedures, and determination of author-
ship and co-authorship.

Size of training programs in life sciences needs to be varied. Our
study demonstrated that participants felt disconnected to the goals
of a project in large groups. Our participants frequently felt this
translated into “mutual respect” for each other’s contribution, and
attributed this to being tied to the size of the research group. In
addition, in large groups the participants they sometimes perceived
their collaborators as being apathetic or uninterested in the details
of the project. Thus, one recommendation that stems from our
findings is to have training programs of varied sizes and disciplines;
smaller discussion sections or research project groups will allow
further engagement and understanding into the scientific progress.

Conclusion
While our study is limited by the sole use of interview data, we
were able to elicit many new insights about the collaboration and
training faced by life scientists. Future work includes supple-
menting our results with observations or journaling of work. It is
clear that discipline, language, project management, engagement
and work culture will vary in future scientific projects and,
therefore, the creation of training programs that either overcomes
the barriers of all of these factors remains imperative–regardless
of their individual impact–or prepares life science researchers
with the necessary skills to overcome these barriers.

We presented the results of semi-structured interviews that
examined the challenges associated with collaborative life science
research. We identified several key issues that specifically affect
life science collaborations: “mutual respect” is important; inter-
disciplinarity causes technical language barriers; differences in
methodology affect trust; and perception of a collaborator’s
priorities can cause unnecessary work. These key findings
demonstrate that collaboration and training challenges are still
impacting life science, despite years of collaboration research. Our
contributions include (1) new insights into the communication
and collaboration challenges that hinder life science research,
particularly on the effects of discipline, work practices, and cul-
ture; and (2) recommendations for designing training programs
to better support life science. Lastly, we note that identifying
opportunities for the bioinformatics community to engage with
life scientists to design tools that support collaboration and
communication in this domain warrants future investigation.

Data availability
The datasets generated during and/or analyzed during the current
study are available from the corresponding author on reasonable
request.
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