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Purpose: Our objective was to identify and examine studies of collaboration in relation to the use of
health information technologies (HIT) in the biomedical informatics field.
Methods: We conducted a systematic literature review of articles through PubMed searches as well as
reviewing a variety of individual journals and proceedings. Our search period was from 1990–2015.
We identified 98 articles that met our inclusion criteria. We excluded articles that were not published
in English, did not deal with technology, and did not focus primarily on individuals collaborating.
Results: We categorized the studies by technology type, user groups, study location, methodology, pro-
cesses related to collaboration, and desired outcomes. We identified three major processes: workflow,
communication, and information exchange and two outcomes: maintaining awareness and establishing
common ground. Researchers most frequently studied collaboration within hospitals using qualitative
methods.
Discussion: Based on our findings, we present the ‘‘collaboration space model”, which is a model to help
researchers study collaboration and technology in healthcare. We also discuss issues related to collabo-
ration and future research directions.
Conclusion: While collaboration is being increasingly recognized in the biomedical informatics commu-
nity as essential to healthcare delivery, collaboration is often implicitly discussed or intertwined with
other similar concepts. In order to evaluate how HIT affects collaboration and how we can build HIT to
effectively support collaboration, we need more studies that explicitly focus on collaborative issues.

� 2015 Elsevier Inc. All rights reserved.
1. Introduction

Collaboration is an essential part of the healthcare delivery sys-
tem, but it is not often explicitly studied in research on health
information technology (HIT). One challenge in studying collabora-
tion is that it can be difficult to define. Based on the definition pro-
vided by Weir et al. [1] and for the purposes of this review, we
define the collaboration as: planned or spontaneous engagements
that take place between individuals or teams of individuals, whether
in-person or mediated by technology, where information is exchanged
in some way (either explicitly, i.e. verbally or written, or implicitly, i.e.
through shared understanding of gestures, emotions, etc.), and often
occur across different roles (i.e. physician and nurse) to deliver patient
care.

Collaboration is a difficult concept to study because it often
includes aspects of other concepts, such as coordination [2], coop-
eration [3], and communication [4]. Although all four terms focus
on how individuals interact with each other to provide care, the
extent of the interaction is different in each of these terms.
According to Fuks et al. [4], ‘‘communication is related to the
exchange of messages and information among people; coordina-
tion is related to the management of people, their activities and
resources; and cooperation is the production taking place on a
shared workspace” (p. 637). These three terms are interrelated.
For example, the 3C Collaboration model describes communication
as the exchange of information to generate commitments that are
then managed by coordination so that individual care activities
interact through shared spaces to work cooperatively to ensure
the success of the overall care process [4]. While communication,
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coordination, and cooperation often work together to comprise col-
laboration, each individually fails to encompass the type of engage-
ment and shared understanding highlighted in the above definition
of collaboration. At its core, collaboration involves the develop-
ment and testing of rules of engagement and shared understanding
that facilitates how people work together in shared spaces [5].

The increased prevalence of chronic illness and the recognition
of the benefits of team-based healthcare delivery are drivers for
increased collaboration. Although the need for increased collabora-
tion in healthcare has been well described [6,7], how to implement
successful collaboration is not as well understood. Studies have
examined many aspects of collaboration including education
[8,9], teamwork [10,11], patient-centeredness [12], technologies’
impact on collaboration [13], and designing for collaboration
[14]. While there has been a great deal of focus on appropriately
integrating HIT within clinical workflows, collaboration is often
only implicitly discussed as an aspect of individuals’ activities
[15]. Consequently, unintended consequences can occur because
HIT is not properly aligned with underlying collaborative processes
[16]. Therefore, we need to better understand how HIT is situated
in settings that are highly collaborative.

Given the goal of increasing collaborative care delivery [6], we
believe that this is the ideal time to look at the state of research
about collaboration and HIT. Therefore, in this systematic review,
we aim to better understand how collaboration in HIT research
has been studied within the biomedical informatics community
over the past 25 years. We have three specific goals for this paper.
First, we want to analyze existing research to describe the state of
knowledge in the biomedical informatics community on collabora-
tion in relation to HIT. Second, we want to develop a model to help
researchers who are interested in studying collaboration and HIT.
Finally, we want to identify future research directions for the
biomedical informatics community in studying collaboration and
HIT.
2. Methods

2.1. Research questions

Overall, our objective was to better understand the role of col-
laboration in HIT research within the biomedical informatics com-
munity. Consequently, we had the following research questions:
(1) What types of HIT are part of studies on collaboration? (2)
What are the methods used in studies of these technologies? (3)
What particular issues do studies that explicitly discuss collabora-
tion focus on? Answering these questions will enable us to
highlight what researchers have noted about collaboration and
HIT in ways that would be useful to other researchers and
practitioners.
2.2. Literature search strategy

To identify relevant papers, the first author (EE) first conducted
an extensive search of PubMed from 1990 to 2015. As instructed by
a librarian, we used the MeSH terms ‘‘Medical Informatics” or
‘‘Medical Informatics Computing” or ‘‘Medical Informatics
Applications” in an attempt to obtain the most relevant results.
EE searched the titles and abstracts using the keywords ‘‘collabora-
tion” and ‘‘technology.” To narrow the number of results returned,
EE used filters to ensure paper abstracts were in English and dealt
with collaboration amongst individuals. The PubMed search
yielded 258 total results, of which EE either downloaded or noted
the citation for 76 papers.

In order to ensure no other potentially relevant papers were
missed, EE also searched the Penn State University Libraries online.
Using the keywords ‘‘collaboration” and ‘‘technology” to search
abstracts and with an advanced search, EE used medical and health
informatics journals’ names (using the list of journals from [17]) as
the publication title. EE also used filters to ensure papers were in
English and peer-reviewed.

Finally, EE used Google Scholar to search conference proceed-
ings, specifically MedInfo (IMIA: the International Medical
Informatics Association) and AMIA (the American Medical
Informatics Association). Because of the limitations of Google
Scholar, EE searched for the keywords ‘‘collaboration” and ‘‘tech-
nology” anywhere in the document. The search within proceedings
of AMIA yielded 371 results, and MedInfo yielded 70 results. EE
pulled up each paper and searched for the terms ‘‘collaboration”
and ‘‘technology” within each document and then determined if
it met the initial inclusion criteria. EE downloaded and/or noted
the citation of 53 of the 371 AMIA articles and 14 of the 70
MedInfo articles.

We intentionally did not search for concepts similar or related
to collaboration, such as coordination or cooperation because we
were interested in how the biomedical informatics community
specifically has studied collaboration in relation to HIT.
2.3. Study selection & characteristics

We pre-identified 10 articles that dealt with both collaboration
and technology in the biomedical informatics community before
conducting the searches. However, all of these documents used
the terms collaboration and technology somewhere in the text.
The first author (EE) conducted the literature search. Fig. 1 shows
the process of identifying and reviewing papers. During the first
part of our search process, EE focused on papers in biomedical
informatics-related journals and conference proceedings. Articles
from these venues had to have both the terms ‘‘collaboration”
and ‘‘technology” (in the abstract or title for the PubMed search,
in the abstract for the Penn State University Libraries journal
search, and anywhere for the Google Scholar conference search).
They also had to be in English (the abstract for the PubMed and
Penn State University Libraries searches and the whole document
for the Google Scholar conference search) and had to be peer-
reviewed.

Based on these criteria, PubMed, Penn State University
Libraries, and Google Scholar returned 943 total results. For the
second phase of our process, EE reviewed each abstract of these
articles. Articles were excluded if they did not focus on team-
level collaboration among people. As a result, EE downloaded the
PDF and/or citation of 214 articles plus the 10 articles we had
pre-identified for a total of 224.

For the next phase, EE read each article and compiled an Excel
sheet with the authors, title, year, and publication of those 224
potentially relevant articles. After removing duplicates, manu-
scripts not completely in English, and partial manuscripts, EE then
went through each of the remaining 173 articles extracting tech-
nology type, co-located vs. dispersed collaborations, modality
(asynchronous, synchronous), location (e.g. hospital), country/con-
tinent, methodology, and collaborators. Of those, 75 were not rel-
evant to our topic and thus removed. EE then conducted a
thematic analysis similar to [18] and supported by [19]. Going
through the articles, EE began noticing themes related to collabo-
ration, which we eventually termed processes and outcomes
(workflow, communication, information exchange and awareness,
common ground). Once these themes were identified, EE went
through each article again to extract data related to these pro-
cesses and outcomes. The themes emerged from the analysis of
the papers and were inductively identified. EE also considered
the use of the term collaboration and other similar terms.



Fig. 1. Flowchart showing our process of identifying and reviewing papers.

Table 2
Studies on co-located and dispersed medical teams.

Medical team
location

# of
Studies

Most common type of
technology

# of
Studies

Co-located 43 EMR, EHR, EPR 13
Dispersed 41 Telemedicine applications 23
Co-located/dispersed 5 PACS; telemedicine applications 2; 2
NA 9 HIT generally 9

Total 98
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The inclusion criteria were collaboration among people where
technology was included for the purposes of patient care.
Therefore, EE excluded articles where collaboration was among
technological components, organizations (not people within those
organizations), researchers, or information technology (IT) staff
unless researchers and/or IT staff were collaborating for the pur-
poses of patient care (not for the purposes of designing technology
or giving recommendations only). EE excluded articles that focused
on collaboration solely for medical education as this did not meet
our requirement for a focus on patient care. While we did not eval-
uate manuscripts’ quality according to a scoring scale, we did use a
descriptive approach to evaluate them according to the guidelines
in [20]. Based on these criteria, we ended up with a total of 98 arti-
cles. Using a descriptive approach, the other two authors (MR &
CK) each evaluated those 98 papers and agreed they met our inclu-
sion criteria. In the appendix, Table A.1 lists all the papers included
in our analysis.

3. Results

3.1. Types of technologies studied

Telemedicine applications (n = 25) [21–42] and electronic med-
ical records (EMR), electronic health records (EHR), and electronic
patient records (EPR) (n = 15) [1,2,43–57] were among the most
Table 1
Studies on technology types.

Technology type # of Studies

Telemedicine applications 25
EMR, EHR, EPR 15
CPOE 5
Mobile technology (PDAs, pagers, mobile phones, etc.) 5
Web 2.0 applications, internet, online health communities 5
Picture archive and communication system (PACS) 3
Medicine dispensing devices and pharmacy barcode systems 3
RFID and smartcard systems 2
HIT generally 17
Other/specific applications 18

Total 98
common systems studied (Table 1). As Table 2 shows below, there
is an increasing number of articles (n = 23) that deal with teleme-
dicine applications to support geographically dispersed medical
teams, such as videoconferencing tools [22,26,28,30,31,35,37–42,
55,58]. Many telemedicine applications were used for synchronous
collaborations (n = 15) [23–26,28–30,32,35,36,39–42,49] (Table 3).
Jarvis-Selinger et al. [28] found that videoconferencing ‘‘created a
new context for team-based management, enabling members to
communicate simultaneously when they otherwise would not
have, thus fostering collaborative, multidisciplinary patient
management” (p. 4, as cited in [27]). However, six telemedicine
applications were used for both synchronous and asynchronous
interactions [21,22,26,30,36,37] and two primarily for asyn-
chronous interactions [33,57]. Kulik et al. [30] discussed using a
telemedicine application for the purposes of treating patients
with AIDS after hospital discharge. They used asynchronous
Table 3
Studies on different modalities (asynchronous, synchronous, mixed).

Modality # of
Studies

Most common type of
technology

# of
Studies

Asynchronous 25 EMR, EHR, EPR 7
Synchronous 20 Telemedicine applications 15
Asynchronous/synchronous 24 EMR, EHR, EPR 8
NA 29 HIT generally 12

Total 98
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communication through the exchange of medical dossiers, images,
and email as well as synchronous communication through telecon-
ferencing. Also in the context of after hospital care, Paganelli et al.
[33] used asynchronous communication (SMS and email) in combi-
nation with a context-aware system to alert relatives, providers
(general practitioner or nurse), and emergency operators (if neces-
sary) if a patient needed assistance at home. This system was
intended to help providers collaborate with one another and with
patients’ relatives in order to deliver patient care. For lower alert
levels, no response from the relative or provider was required.
However, at higher alert levels, a response was required from
either provider or relative (or both).

As Table 2 also highlights, EMR, EHR, and EPR systems were
often studied in the context of co-located collaborations (n = 13)
[1,2,44–46,48,50–54,56,59]. For instance, Feufel et al. [46] studied
how the EMR interacts with people and processes while observing
physicians collaborating in the emergency department (ED). They
found work practices often compensate for technical limitations
and then provided design recommendations, such as support for
effective multi-user collaboration during control tasks. One article
dealt with EHR systems for both co-located and dispersed medical
teams [57]. It was a national questionnaire to understand provider
usability issues.

As illustrated in Table 1, some studies (n = 17) examined HIT
more generally [60–76], yet others (n = 18) discussed specific
applications or components [12,77–93]. For instance, Bång et al.
[78] conducted a study regarding the advantages and disadvan-
tages of NOSTOS, an experimental, computer-augmented work
environment, which provides a physical interface for computer-
based patient records to support collaboration. Mejia et al. [80]
developed SOLAR, an application that supports collaboration
through awareness and informal communication in hospital work.
Other systems discussed included CPOE (n = 5) [13,94–96], mobile
technology (such as PDAs, pagers, mobile phones, etc.) (n = 5) [97–
101], web 2.0 applications, internet, online health communities
(n = 5) [102–106], picture archive and communication system
(PACS) (n = 3) [107–109], medicine dispensing devices and phar-
macy barcode systems (n = 3) [110–112], and RFID and smartcard
systems (n = 2) [113,114].
3.2. Study settings and methodologies

The study methodologies were examined from three aspects:
(1) the user groups using the technologies, (2) the study setting,
and (3) data collection methods. As Table 4 highlights, much of
the research on collaboration and HIT focused on clinician-to-
clinician interactions (n = 71) [1,2,13,23–32,35–44,46–49,51–58,6
0–66,68,70,73–82,84,86,88,92–96,98,99,101,103,107–109,114,115
]. Some studies focused on collaboration between nurses and
physicians. For example, Wu et al. [92] studied the effects of
Table 4
Types of users collaborating.

User groupa # of Studies

Clinician–clinician 71
Clinician–patient 12
Clinician–family of patient 6
Clinician–administrative staff 4
Clinician–EMS staff 1
Clinician–transport supervisor 1
Homecare worker–general provider 1
Homecare worker–homecare worker 2
Pharmacist–pharmacy staff 2
Other 12
NA 2

a Articles could study more than one type of user group interaction.
text-based communication on nurse-physician collaboration.
They found that it leads to depersonalization and thus decreases
collaboration. Bång et al. [78] designed technology to support col-
laboration among physicians and nurses in the ED.

Some studies looked at how physicians collaborate with one
another through technology. For instance, Maglogiannis et al.
[49] described a web-based system allowing physicians to collab-
orate with one another and share EHRs through real-time audio,
video, and messaging. Others focused on nurse–nurse collabora-
tion. For example, Tang et al. [116] looked at how nurses in a
remote intensive care unit (ICU) consult one another through tech-
nology to deliver patient care.

While clinicians were the most common user group, there is
also growing interest in the role that patients play in the health-
care delivery process and HIT use (n = 12) [22,23,29,40,48,57,68,7
3,87,91,102,111]. For instance, Bowles et al. [22] studied how
nurses and at-home patients with heart failure use video phones
to work toward their care (to teach self care and treat symptoms).
Researchers have not only considered the role that patients play in
their healthcare, but also the role that family members play (n = 6)
[12,34,89,90,104,112]. For example, Porter [12] discussed a system
for parents of children with asthma to participate more in the
decision-making process and care of their child. Safran [89]
described Baby CareLink, a system for parents and clinicians to col-
laborate on the care of their premature babies. While clinician–
clinician and clinician–patient (or family of the patient) comprised
the majority of studies, researchers have also focused on other
interactions, such as clinician–administrative staff (n = 4)
[1,67,94,115], clinician–EMS staff (n = 1) [117], clinician–transport
supervisor (n = 1) [83], homecare worker–general provider (n = 1)
[50], homecare worker–homecare worker (n = 1) [71,97], and phar-
macist–pharmacy staff (n = 2) [69,110].

These different types of user groups can be found in various set-
tings and have been studied using a variety of methods. We differ-
entiate these settings primarily by geographical location and
inpatient vs. outpatient setting. Most authors reported the location
of their study as the United States (n = 48) [1,2,12,13,21,22,25,27,
35–39,41,43,45–47,53–56,60,63,65,66,68,70,73,79,82,83,86,88–90,
94,95,98,100,101,105,107,110–112,114,115], followed by Canada
(n = 7) [28,29,64,71,72,87,92], Sweden (n = 5) [24,77,78,85,93],
Finland (n = 4) [48,57,58,69], United Kingdom (n = 4) [51,62,67,91],
Norway (n = 3) [33,50,102], Denmark (n = 2) [96,97], France (n = 2)
[31,44], Japan (n = 2) [26,52], Taiwan (n = 2) [32,99], Croatia (n = 1)
[30], Greece (n = 1) [84], Ireland (n = 1) [109], Italy (n = 1) [34],
Republic of Albania (n = 1) [42],

South Korea (n = 1) [40], Spain (n = 1) [103], The Netherlands
(n = 1) [81], and Wales (n = 1) [61].

One study reported the location just as Europe [108], and
another had two locations, the United States and Canada [76].
Table 5
Study settings.

Setting # of Studies

Hospital 60
Home 10
Nursing home 2
Pharmacy 1
Pre-hospital–hospital 1
Hospital–home 3
Hospital–therapy center 1
Ambulatory clinic 1
General practice 1
Oral medicine center 1
Various 5
NA 12

Total 98



Table 7
Types of processes mentioned in studies.

Processes mentioneda # of Studies

Workflow 44
Communication 77
Information exchange 33
None 12

a Articles could study more than one type of process.
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As Table 5 illustrates, many of these studies focused on collab-
oration and technology in inpatient settings, primarily hospitals
(n = 60) [1,2,12,13,26–28,30–32,36–44,46,48,49,51,52,54–56,58,6
1–63,65,66,68,70,73,76,78–82,86,88,91–93,95,96,98,100,101,103,1
08–110,113,114]. Within hospitals, a number of the studies were
conducted in the ICU (n = 6) [39,51,53,55,82,98] and the ED
(n = 5) [12,43,63,78,93]. These settings are busy, information-
intensive settings where collaboration is essential for providing
effective patient care. However, there is an increasing number of
studies focused on outpatient settings, such as homes (n = 10) [2
2,29,34,50,71,84,85,87,111,112], nursing homes (n = 2) [60,97],
and ambulatory clinics (n = 1) [107]. There is additional research
(n = 3) attempting to bridge the divide from the home to the hos-
pital through telemedicine applications [89,90,102]. In order to
obtain the types of data needed to understand collaboration in
the various settings, researchers have primarily utilized qualitative
methods (n = 36) [1,13,24,29,43,44,46,48,50–53,55,58,61,62,64,6
6–68,71,72,77,79,80,91–96,98,100,109,110,115], as shown in
Table 6. Interviews (n = 23) and observations (n = 18) (or a combi-
nation of the two) were conducted most frequently. For example,
Ash et al. [115] conducted observations, interviews, and focus
groups to understand perceptions of the CPOE and its impact on
collaboration and other organizational processes within hospitals.
Some studies (n = 9) have used only quantitative methods [22,38,
39,57,69,88,90,103,111]. Others (n = 6) have used mixed methods
(qualitative and quantitative methods) [60,63,85,97,112]. Of the
remaining papers, twenty-nine were overviews of technology sys-
tems or applications [12,25–27,30–32,34–37,40–42,49,70,78,82–8
4,86,87,89,99,101,107,108,113], ten were literature reviews [2,21,
23,28,33,65,74,75,81,106], and nine were a variety of study types
or other methods not previously listed [45,47,54,56,73,76,102,10
4,105,114], such as computational methods [54].

3.3. Processes

Through the review of literature, we found that while many
studies identified collaboration as an issue of interest, they did
not necessarily focus directly on collaboration. Instead, they exam-
ined healthcare processes often central to collaboration. We iden-
tified three major processes from these studies: (1) workflow, (2)
communication, and (3) information exchange. Most studies men-
tioned at least one of these processes, as shown in Table 7.

3.3.1. Workflow
Collaboration is often a crucial part of workflow, but the mean-

ing of workflow can vary [118]. For the purposes of this review, we
view workflow similar to Niazkhani et al. [119], who define clinical
workflow as ‘‘the flow of care-related tasks as seen in the manage-
ment of a patient trajectory: the allocation of multiple tasks of a
provider or of co-working providers in the process of care and
the way they collaborate” (p. 540). As Table 7 shows, a number
of studies (n = 44) mention workflow as part of their research on
collaboration (see Table A.1). One issue with designing HIT is that
modeled workflow is often rigid and does not account for
Table 6
Types of study/methods used.

Methods/study type # of Studies

Qualitative 36
Quantitative 9
Qualitative and quantitative 6
Literature review 10
Overview of technology 28
Other 9

Total 98
exceptions which are becoming a normal part of medical work
[2,115]. Technology has to be customizable and flexible to fit work-
flow in healthcare settings [94,110].

Researchers have been interested in how technologies support
collaboration within clinical workflows [70,78,82,93,107]. For
instance, Bång et al. [93] designed NOSTOS to fit current clinician
workflow since the technology was modeled after existing tools.
Macyszyn et al. [107] designed and implemented a departmental
PACS and found that it improved workflow efficiency and collabo-
ration. Starmer and Guise [82] designed and implemented a venti-
lator management dashboard for patients in the ICU. The system
was meant to support clinical workflow (such as shift changes,
physician rounding patterns, and unit staffing patterns) to achieve
a high level of compliance. Despite this, the system did not ade-
quately support batch charting and was not integrated with chart-
ing tools and the CPOE, which resulted in workflow inefficiencies.

At the same time, a number of studies have looked at how tech-
nologies impact clinician workflow [21,28,43,55,60,62,65,94,98].
Researchers have found that technology often have a negative
impact on clinical workflow by disrupting work [21,55,60] or alter-
ing normal work practices [43,65,94,98], which can result in
increased cognitive load [55,65,98], poor patient care [43,65], and
errors [55]. For example, Patel et al. [65] conducted a review of
studies and drew examples from their own research to examine
aspects of clinical workflow. They described how both collabora-
tive (e.g. interruptions to discuss patient care) and coordinative
factors (e.g. handoffs) can contribute to workflow delays. Looking
at the ED, psych ED, and ICU, they found that loss of information
at shift change, multitasking, and frequent interruptions result in
bottlenecks in the workflow.

Abraham et al. [43] studied the EMR and its impact on clinical
workflow in the ED. While EMR use led to better documentation
and management of patient care, it caused clinicians to alter their
work activities, which resulted in additional steps in the patient
care process. These altered work activities occurred when clini-
cians had to exchange information with others through the EMR,
move locations to use the EMR, and add patient information into
the EMR. These modifications to normal work activities result in
bottlenecks in the workflow, which can have a negative impact
on patient care. Reddy et al. [98] studied the impact of pagers on
clinical workflow in the surgical intensive care unit (SICU) and
found it alters clinicians’ work practices. They found mixed results
on the impact of this tool on collaboration. Pagers removed or low-
ered the hierarchical boundaries, which in some ways facilitated
collaboration. However, in other ways, it caused loss of control
with simultaneous notification. Pagers caused information over-
load and de-contextualization, and they lack feedback mecha-
nisms, which impacted clinicians’ ability to make decisions and
interact with one another. In spite of the workflow issues, only
nine studies mentioned workarounds [46,64,65,68,94,109–111,11
5]. Improving workflow efficiency can have positive effects on
communication and collaboration among clinicians [65].

3.3.2. Communication
Communication, defined as the exchange of information to gen-

erate effect, test assumption, and establish and maintain



Table 8
Types of outcomes mentioned in studies.

Outcomes mentioneda # of Studies

Awareness 24
Common ground 5
Neither 70

a Articles could study more than one type of outcome.
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relationships [16], is a key aspect of collaboration. As Table 7 illus-
trates, we found many studies (n = 77) mentioned communication
(see Table A.1). HIT opens new channels for both synchronous and
asynchronous communication, but the findings about the effects of
HIT are mixed. Although Ash et al. [115] did not explicitly empha-
size collaboration, they discussed the need to understand the
impact of HIT on communication among key healthcare staff.
Since clinicians cannot always directly communicate with one
another, they often use HIT to interact (i.e. communicate) with
each other. However, this limited direct communication can cause
misunderstandings about the information being exchanged and
contribute to medical errors [2]. Technology can facilitate commu-
nication and support collaborative work, but the technology needs
to be standardized across different settings in order to prevent
human error and reduce patient safety risks [56]. Additionally,
each system seems to have its tradeoffs.

There are mixed findings on HIT’s impact on communication
[60]. In the case of the EMRs, EHRs, and EPRs, clinicians reported
a negative impact on team interactions and less effective commu-
nication [46]. Yet Vawdrey et al. [56] found EHRs improved com-
munication and collaboration among clinicians. Similarly, Ash
et al. [115] found that nurses and physicians reported improved
communication with CPOE systems because there were less nega-
tive interactions about legibility and timely entry of orders. Even
mobile technology had mixed effects. Reddy et al. [98] found that
pagers can both facilitate collaboration and flatten communication
in hospitals. Additionally, pagers themselves only allow one-way
interaction, which can hinder communication between clinicians.
Another issue is the ability for tools to capture informal communi-
cation within hospitals [80]. Face-to-face interactions happen nat-
urally in hospitals as clinicians move around to do their work. This
makes many technologies inappropriate for these types of interac-
tions [80].

Both asynchronous communication (such as through the EHR or
CPOE) and synchronous communication (face-to-face) cause inter-
ruptions, but synchronous communication allows for questions to
be answered quickly [65]. Weir et al. [1] reported that clinicians
prefer verbal communication and often avoid reading nurses’ notes
because it requires too much time and effort. The lack of direct
interaction resulted in fewer opportunities for team negotiations
[96]. For instance, since physicians created the orders in the sys-
tems, nurses were often excluded from information regarding the
ordering process. Breakdowns in communication and physician–
nurse workflow caused delayed order processing [13], which cre-
ates concern for patient safety and quality of care. Alexander
et al. [60] reported that medical staff in nursing homes felt
that face-to-face communication led to better quality communica-
tion. However, they also reported that those nursing homes with
better integrated HIT were able to communicate about patient
decline faster and more often with the need for less face-to-face
interactions.

Some technology has improved the efficiency of communica-
tion especially for dispersed medical teams. For example, Melby
and Hellesø [50] found that e-messaging between homecare provi-
ders and general practitioners allowed for more efficient commu-
nication. However, this increase in efficiency was not without its
drawbacks as they also found e-messaging decreased personal
communication. While some believed less face-to-face meetings
were better, some reported the limited interpersonal communi-
cation negatively affected their ability to build relationships
with colleagues, which ultimately impacts the effectiveness of
their collaborations. While some technologies limit face-to-face
interactions, some promote more personal communication, such
as telemedicine systems with video capabilities. One example
is ARTEMIS, which allows physicians to communicate through a
desktop teleconferencing system [27].
For patient–provider (or family of patient and provider) interac-
tions, technology can improve communication. When user groups
are distributed, technology allows interaction and communication
where there otherwise would not be. For example, Safran [89]
found that with Baby CareLink, parents of premature babies
reported better communication with clinicians and more satisfac-
tion with the care provided. Even though parents are remote from
the neonatal intensive care unit (NICU), they were able to commu-
nicate with clinicians and actively make decisions about their
baby’s care.

3.3.3. Information exchange
Information exchange is similar to communication. However,

information exchange is only focused on providing and sharing
information while communication provides both information and
a means to act in response to that information [16,64]. While
Table 7 shows a number of studies (n = 33) that mention informa-
tion exchange (see Table A.1), very few really discuss it in detail.
Within HIT, such as EHRs, exchanging information should improve
communication, which also improves quality of care [48].

Information is a crucial piece of collaborating to deliver patient
care. Mejía et al. [80] found that information exchange comprised
nearly 27% of informal interaction between physicians and medical
interns, and they often exchanged information stored in medical
records. But there are mixed findings on how well HIT supports
information exchange. Melby and Hellesø [50] found e-
messaging improved information exchange between homecare
workers and general practitioners. Physicians were satisfied with
how well HIT support information exchange between co-located
medical staff but were less pleased with HIT’s ability to support
cross-organizational and dispersed teams [57]. Weir et al. [1] found
clinicians were unhappy with templates for computerized docu-
mentation as they did not adequately support information
exchange.

3.4. Outcomes

We identified two major issues, (1) maintaining awareness and
(2) establishing common ground, both of which could be consid-
ered desired ‘‘outcomes” of effective design of HIT to support col-
laboration. Interestingly, while most studies mention as least one
process, the majority of studies did not discuss these outcomes
(Table 8) highlighting the focus on process instead of potential
outcomes.

3.4.1. Maintaining awareness
In order to collaborate effectively, healthcare providers must

have an understanding of what is happening around them. This
concept of not only sharing information but also sharing informa-
tion about others’ activities is known as awareness [53]. As Table 8
shows, we found twenty-four articles that used the term aware-
ness (see Table A.1). For instance, Reddy et al. [53] and
Kuziemsky and Varpio [64] conducted interviews and observations
to better understand awareness in clinical environments and make
HIT recommendations. Reddy et al. [53] used this data to evaluate a
system’s collaborative features; whereas Kuziemsky and Varpio



Table 9
Definitions of collaboration in papers.

Reference Definition provided

Aarts et al. [13] ‘‘Both the concepts of professional collaboration and
workflow have the notion of the involvement of multiple
individuals, but the first [collaboration] emphasizes the
synchronous and interactive aspect of getting work done.”
p.3

Karlsudd [85] ‘‘The term ‘collaboration’ is defined in this context as an
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[64] used their data to differentiate types of awareness, such as
patient, team member, decision-making, and environment. Other
researchers developed applications to support awareness [41,80].
Welch et al. [41] found 2D videoconferencing between physicians
and paramedics is not sufficient enough to provide awareness in
such a stressful and changing setting. In order to establish aware-
ness, they developed a 3D medical collaboration technology, which
allowed physicians and paramedics to collaborate more efficiently
and effectively from distributed work environments [41]. Mejia
et al. [80] designed SOLAR, a collaborative system that supports
co-located hospital interactions by providing awareness of work-
ers’ locations and information on shared tasks. HIT can support
clinicians by providing awareness of others’ activities and locations
[53].

Awareness is nearly invisible in face-to-face interactions.
However, in asynchronous, document-mediated settings, aware-
ness is not as natural, and breakdowns become apparent.
Information technology has been used to help provide awareness
in these contexts [1]. Reddy et al. [53] explained that the EMR
has the ability to provide this awareness if it includes information
about both the individual’s activities and others’ activities.
Facilitating awareness among clinicians can reduce errors and
harmful interventions [41]. While maintaining awareness may be
difficult in chaotic hospital environments, it is necessary for effec-
tive collaboration. When HIT fails to facilitate awareness, opportu-
nities for clinician collaboration are missed [80].

3.4.2. Establishing common ground
Collaboration is not just dependent on the exchange of data but

also requires tools for establishing and maintaining common
ground, the knowledge and shared understanding needed by two
or more communicating parties to enable communication to occur
[1,120]. These tools can help integrate different healthcare team
members as part of collaborative care delivery. Common ground
is a key part for forming a shared situation model amongst team
members [1]. By sharing information and communicating effec-
tively, healthcare providers create common ground or shared
knowledge or understanding amongst themselves, which is essen-
tial to deliver quality patient care. The majority of studies did not
discuss common ground. As Table 8 shows, five studies mentioned
common ground (see Table A.1), but most did not go into great
detail about it. Researchers have found HIT may interfere with
the ways healthcare providers establish and maintain common
ground [1], which in turn impact collaboration. Weir et al. [1]
found improvements to documentation input efficiency can actu-
ally decrease users’ ability make sense of the information and cre-
ate common ground amongst each other.
exchange of resources and experiences among members in
a system.” p. 688

Melby and
Hellesø [50]

‘‘Interprofessional collaboration refers to any situation in
which people work across organisational boundaries
towards a positive end. In other words, we employ a wide
understanding of the concept of collaboration. The type of
collaboration we study is loose, generally informal and not
strictly organised, although it may continue over a long
period.” p. 345

Ruesch et al.
[39]

‘‘’True collaboration is a process, not an event. It must be
ongoing and build over time, eventually resulting in a
work culture where joint communication and decision
making between nurses and other disciplines and among
nurses themselves becomes the norm.’” (as cited in [39]) p.
594

Weir et al. [1] ‘‘Nearly all definitions of collaboration include the concept
of shared sensibility, a collective perspective that includes
information, norms, social expectations, activity goals and
meaning. A sense of collaboration can range from the
loosely structured experience of order we feel when we
travel through crowded airports, to the tightly knit
collaborative organization of a rowing crew.” p. e63
4. Discussion

We now turn our attention to a discussion of the broader ques-
tions of understanding collaboration, system design for collabora-
tion, and future research directions.

4.1. Understanding collaboration

While there has been significant research on collaboration and
HIT, our review identified issues around how to define studies as
being focused on collaboration. Table A.1 shows all the papers from
our review, whether the paper also used the term cooperation and/
or or coordination, and which of the processes and/or outcomes
from our analysis it contained. While fields such as Computer-
Supported Cooperative Work (CSCW) and Artificial Intelligence
have been trying for a number of years to develop distinct defini-
tions to differentiate cooperation, coordination, and collaboration,
these communities have still not been able to agree to canonical
definitions, and those terms are still are often used interchange-
ably [121,122]. Our findings show that while conceptual distinc-
tions do exist, it is far more challenging to differentiate these
terms in practice. Even when studies are classified as collaboration
according to our search criteria, they may still incorporate the
other concepts. For instance, Bowles et al.’s work [22] dealt with
a telemedicine application where a patient’s vitals are sent to a
nurse to coordinate care, and the patient and nurse also collabo-
rated via video. Thus, the study had elements of both collaboration
and coordination.

However, this blurring of terms can make it difficult to effec-
tively evaluate HIT support for collaboration. One way to differen-
tiate these terms is to view them on a spectrum. So, for instance, on
one end is coordination, and as one moves from coordination to
collaboration, there are increasing responsibilities, such as the
need for the development of collaborative competencies (e.g. com-
mon ground) [123,124]. Therefore, the requirements for designing
HIT that supports collaboration will be different than the require-
ments for HIT that focuses on supporting coordination or coopera-
tion [3,125].

As Table A.1 highlights, although these studies talk about collab-
oration, very few studies (n = 5) actually define it [1,13,39,50,85]
(Table 9). This canmake it difficult to determine if what is being stud-
ied meets our definition of collaboration (especially if work prac-
tices are not described and collaboration is discussed implicitly).
Interestingly, only two studies discussed all the processes and out-
comes [64,76]. Further, few studies explicitly discuss outcomes of
collaboration as twenty-four studies discuss awareness [1,2,37,41,
43,44,51,53,57,58,62,64,65,67,75–78,80,81,93,108,109,114], and
only five studies discuss common ground [1,46,64,76,79]. The
lack of discussion about explicit properties of collaboration may
indicate that such studies are not about collaboration but rather
about coordination or cooperation or that collaboration was
implicitly studied as an aspect of other work practices or HIT
design.
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4.2. Collaboration space model

The desired results of collaborative care delivery, such as
patient safety or patient-centered care, are well described [6].
However, in light of the challenges in defining and studying collab-
oration, we believe that there is a need for a model to enable
researchers and practitioners to more explicitly consider collabora-
tion as a prerequisite to achieving these outcomes. As our findings
have indicated, there is much variation in how collaboration is rep-
resented and described in HIT studies. Consequently, we have
begun to develop a model to help situate research on collaboration
and to highlight potential areas for further work [126]. Models of
the communication space have enabled the design and evaluation
of HIT to support interdisciplinary communication [127]. Previous
systematic reviews on HIT have used frameworks such as
Donabedian’s Structure-process-outcome model [128], IOM
dimensions of quality healthcare delivery [129], and an IT benefits
framework [130], to structure the results. Furthermore, systematic
reviews of information technology innovations in healthcare have
emphasized the need to consider the relationship between context,
structure, and processes when designing interventions [131].
While our review identified a number of studies on collaboration
and HIT, we did not identify an overarching model that captures
the ‘‘collaboration space” in this domain. Consequently, we have
expanded on the aforementioned models and concepts to develop
a model of the collaboration space (Fig. 2) consisting of four main
concepts based on our results.

� Technology refers to the focus of design of a HIT, such as patient
or provider, as well as the functionality of the HIT, such as
documentation.

� Context refers to the user groups who work together, setting (e.
g. inpatient, community, mixed), and the modality (i.e. syn-
chronous, asynchronous, or mixed) where a system is used.

� Processes highlight the essential collaborative processes of
workflow, communication, and information exchange to be
supported.

� Outcomes represent the goals of what successful HIT should do
in collaborative settings. We suggest that the development and
maintenance of awareness and common ground are fundamen-
tal collaborative outcomes that are needed in order to achieve
patient care outcomes.

Overall, the collaboration space model outlines the concepts
and the linkages between them with respect to collaboration
and HIT. Furthermore, this model provides researchers with a
common set of terms when examining collaboration and HIT
to enable people to think more explicitly about collaboration.
We do not view the concepts in the collaboration space model
as exhaustive but rather as the most common components of
collaboration.
Fig. 2. Collaboration space model.
4.3. System design for collaboration

The collaboration space model draws attention to the fact that
designing HIT to support collaboration is a complex and nuanced
activity that requires understanding many different aspects of a
setting. For instance, one important aspect for successful design
of collaborative HIT is the need to understand what the collabora-
tive outcomes (awareness and common ground) should be
[123,124]. Part of establishing common ground is ensuring all team
members are on the ‘‘same page” with respect to the rules of
engagement for working collaboratively. Without such rules, tech-
nology that is designed to support collaboration, no matter how
well it may be designed, may actually widen the gap between indi-
vidual and group tasks. How different user groups or roles interact
with HIT as part of collaborative care delivery must also be under-
stood because HIT can pre-define roles in ways that shift responsi-
bilities [96], resulting in confusion regarding who is responsible for
what tasks and workarounds to solve the issues. Role-based access
is one mechanism that highlights this issue [96]. In order to direct
workflow, sometimes the rules dictated by the system and policies
are ignored. For example, Wentzer et al. [96] found that some
physicians would log in the system and allow nurses to continue
medication work under their user rights.

The collaboration space model also draws attention to the fact
that HIT needs to be designed to support specific processes of col-
laborative care delivery and integrate the collaborative workflows
of different healthcare professionals. When this integration does
not happen, workarounds often result from the gaps between the
functionality of HIT and what is needed to effectively support col-
laboration. For instance, ARTEMIS [38], a system to support real-
time consultations was implemented, but it did not support the
physicians’ needs to schedule consultations without due notice.
As a result of this workflow issue, its collaborative consultation
functions were not used.

The model also highlights that a first step in designing new
technologies is to understand how collaboration is situated in the
particular context, the processes (i.e. workflow, communication,
and information exchange) within the context, and the role that
existing tools or physical artifacts (i.e. paper-based tools) play in
facilitating collaboration [53]. Otherwise, we find that existing col-
laborative practices may break down due to poorly designed tools
and result in potentially avoidable workarounds. Despite the capa-
bilities of HIT, paper artifacts, such as paper-based notes and
orders written on appointment forms, allow clinicians to by-pass
the system in order to collaborate more effectively and direct
workflow [16,132–135].

A challenge with many existing systems is they lack flexibility
for supporting the collaborative needs of healthcare providers
[16,41,96]. For instance, Wentzer et al. [96] found that a CPOE sys-
tem was not flexible enough to support the physician–nurse col-
laboration required for the medication order process. Research
calls for more customizable and flexible systems in order to ade-
quately support collaborative work practices in healthcare settings
[94,110]. Unfortunately, HIT does not always match the fast-paced,
collaborative demands of healthcare work.
4.4. Future research directions

Based on our findings we have identified several future research
directions. First, one major challenge is to start understanding the
distinctions and overlaps of collaboration and the relationship
between coordination, cooperation and collaboration. In particular
is the need to move from conceptual distinctions to studying these
terms in practice. A better understanding of the relationship and
differences between coordination, cooperation and collaboration
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Aarts et al. 2006
Abraham et al. 2009
Ackerman & Locatis 2011
Alexander et al. 2014
Alsalamah et al. 2013
Ash et al. 2001
Ash et al. 2003
Atwal et al. 2014
Bång & Timpka 2007
Bång et al. 2004
Bång et al. 2003
Berhe et al. 2010
Bowles et al. 2010
Bringay et al. 2006
Broome & Adams 2005
Bruun-Rasmussen et al. 2003
Buono et al. 2006
Cady & Finkelstein 2012
Chang et al. 2013
Dorr, Jones, Wilcox 2007
Ekeland et al. 2010
Falkman et al. 2008
Farup et al. 2002
Feufel et al. 2011
Gagnon et al. 2008
Ganiatsas et al. 2002
Gong et al. 1997
Hori et al. 2005
Hsieh et al. 2013
Jagannathan et al. 1995
Jarvis-Selinger et al. 2008
Jarvis-Selinger et al. 2011
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Kane & Luz 2013
Karasti et al. 1998
Karlsudd 2008
Kaspar et al. 2013
Kim et al. 2007
Klapan et al. 2002
Kreps & Neuhauser 2010
Kulik et al. 1997
Kuziemsky & Varpio 2011
Laitinen et al. 2014
Lee et al. 2003
Macyszyn et al. 2013
Maglogiannis et al. 2006
Martínez-García et al. 2013
McKnight et al. 2001
Mejia, Favela, Moran 2010
Melby & Hellesø 2014
Morrison et al. 2011
Nanji et al. 2009
Nielsen & Mengiste 2014
Niimi & Ota 2013
Obstfelder et al. 2007
Ong et al. 2013
Paganelli et al. 2008
Parlak et al. 2012
Patel et al. 2008
Paul et al. 2008
Pinelle & Gutwin 2005
Plasters et al. 2003
Porter 2001
Pratt et al. 2004
Qureshi et al. 2010
Raman et al. 1997
Reddy et al. 2008
Reddy et al. 1993
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Safran 2003
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Schraagen & Verhoeven 2013
Shih et al. 2010
Simpson 2008
Starmer & Giuse 2008
Stein et al. 2009
Stellefson 2013
Sung et al. 2000
Swinglehurst et al. 2011
Tang et al. 2006
Tiwari et al. 2011
Unertl et al. 2007
van der Eijk 2013
Vawdrey et al 2011
Viitanen et al. 2011
Vimarlund et al. 1999
Weir et al. 2011
Welch et al. 2009
Wentzer et al. 2007
Westerling et al. 2010
Wright et al. 2009
Wu et al. 2012
Wu et al. 2014
Wu et al. (Davis, Bell) 2012
Zangara et al. 2014
Zhu et al. 2011
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would enable us to better design and evaluate systems for the task
at hand.

Second, much of the existing studies have looked at how tele-
medicine systems have supported collaboration among geograph-
ically dispersed medical teams. In some cases, technical limitations
had made these options less viable. However, current advance-
ments in video-conferencing and mobile technologies have made
non-co-located collaboration a real option. A great deal of research
has also focused on systems (e.g. EMR/EHR/EPR, CPOE) to support
co-located collaborations. We must continue to study technology
for both co-located and dispersed medical teams.

Third, in order to fully understand collaboration in healthcare,
we must expand the research contexts where studies are con-
ducted. As more care is being delivered outside of hospitals, we
need to focus on collaboration in other settings, such as outpatient
centers and within the home. Expanding research settings may
also extend the user groups involved in collaboration and HIT.
While some studies looked at collaboration between physicians
and patients [22,23,29,40,48,57,68,73,87,91,102,111], most
research has focused primarily on clinicians. Especially with the
patient-centered healthcare approach, we believe all types of user
groups need to be explored, including patients, patients’ families,
clinicians, IT staff, and non-clinical staff because they all have a
hand in collaborative healthcare delivery.

Finally, we need to evaluate howwell the HIT features explicitly
support or do not support collaboration [53]. Although studies
have, for instance, examined the effects of HIT on workflows, there
has often been little discussion of how well collaboration is sup-
ported. Rather the discussion is whether the system is integrated
into the workflow and how easily it can be used. For example,
one interesting research question is how can we study the collab-
orative features of HIT [53]? The collaboration space model pro-
vides an explicit model to address that question by outlining the
necessary features for the design and evaluation of HIT to support
collaboration.

4.5. Limitations

The studies that have been included in this review are not an
exhaustive list of collaboration studies. As in any systematic
review, we may have not identified some studies because of a
misunderstanding about the title, abstract, or text. Second, we
may have missed some studies because of the search criteria that
we used. There may have been papers that discussed collaboration
and HIT that were not found using our search terms. We acknowl-
edge that excluding search terms such as coordination or coopera-
tion means our search is not an exhaustive list of studies that may
also include aspects of collaboration in addition to these other
terms. While these limitations may have affected our ability to
identify more papers that focused on collaboration and HIT, we
believe the papers we have identified are a good representation
of what has been studied in this community on collaboration
related to HIT over the last 25 years. Our goal with this systematic
review was not to detail an exhaustive list of articles or to distin-
guish collaboration, cooperation, and coordination from one
another. Our purpose was to understand the state of science on
how researchers in the biomedical informatics community have
understood and studied collaboration. Often this means that col-
laboration is intertwined with other similar concepts like coordi-
nation and cooperation, which makes sense given that effective
patient care often deals with all three concepts.

5. Conclusions

While collaboration is being increasingly recognized in the
biomedical informatics community as essential to healthcare
delivery, it is still often implicitly discussed in the research and
intertwined with other similar concepts. The challenges of sup-
porting effective collaboration in the healthcare domain are
numerous. Through our systematic review, we have identified
the characteristics of studies that have examined collaboration
and HIT. We present the collaboration space model as one
approach to integrate these different characteristics. In order to
both evaluate how HIT affects collaboration and identify how we
can build HIT to effectively support collaboration, we encourage
more studies that explicitly focus on collaborative issues in the
biomedical informatics community.
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