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Abstract

Background: Digital tools for interprofessional interaction (D4C), including electronic health records and specialised apps, are
increasingly used in healthcare to ensure continuity of care across professional boundaries. Despite their growing adoption, there
isnot yet any comprehensive framework to guide the development, implementation and evaluation of DAC.

Objective: This study aims to provide such a conceptual framework as a foundation for their operationalisation.

Methods: A scoping review was conducted across Medline, CINAHL, Embase, Psyclnfo and Scopus to identify studies on DAC.
We included peer-reviewed studies in English, French, German, Portuguese and Spanish published since 2012. Definitions of the
interaction mode (communication, coordination, cooperation and collaboration) and the digital tool supporting these interactions,
along with their definitions in cited references, were extracted and analysed.

Results: Of the 407 identified articles addressing DAC, 6.1% defined the digital concept and 6.6% the interaction supported by
the digital tool, with even fewer being backed by a reference (4.7% for digital concepts and 3.9% for interactions). The analysis
of the definitions revealed a hierarchical framework, detailing dimensions, requisites and goal for each mode of interaction and
the digital tool. It delineates progression from communication to collaboration: communication enables the exchange of
information; coordination involves organising people, resources and activities; cooperation focuses on dividing tasks to achieve
shared goals; and collaboration, at the apex, involves jointly addressing care needs. Each mode of interaction can be supported
by digital tools.

Conclusions: The proposed D4AC framework offers a structured approach to understanding, implementing and evaluating digital
tools for interprofessional interactions in healthcare. As such, it can inform developers for creating appropriate tools, guide
policy makers with regard to regulatory decisions and support stakeholders in their understanding of D4C, possibly improving
workflows and patient care. Further research is needed to operationalize and validate the framework across healthcare settings.
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Summary

Background: Digital tools for interprofessional interaction (D4C), including electronic health
records and specialised apps, are increasingly used in healthcare to ensure continuity of care across
professional boundaries. Despite their growing adoption, there is not yet any comprehensive
framework to guide the development, implementation and evaluation of D4C. This study aims to
provide such a conceptual framework as a foundation for their operationalisation.

Methods: A scoping review was conducted across Medline, CINAHL, Embase, PsycInfo and Scopus
to identify studies on D4C. We included peer-reviewed studies in English, French, German,
Portuguese and Spanish published since 2012. Definitions of the interaction mode (communication,
coordination, cooperation and collaboration) and the digital tool supporting these interactions, along
with their definitions in cited references, were extracted and analysed.

Findings: Of the 407 identified articles addressing D4C, 6.1% defined the digital concept and 6.6%
the interaction supported by the digital tool, with even fewer being backed by a reference (4.7% for
digital concepts and 3.9% for interactions). The analysis of the definitions revealed a hierarchical
framework, detailing dimensions, requisites and goal for each mode of interaction and the digital
tool. It delineates progression from communication to collaboration: communication enables the
exchange of information; coordination involves organising people, resources and activities;
cooperation focuses on dividing tasks to achieve shared goals; and collaboration, at the apex,
involves jointly addressing care needs. Each mode of interaction can be supported by digital tools.
Interpretation: The proposed D4C framework offers a structured approach to understanding,
implementing and evaluating digital tools for interprofessional interactions in healthcare. As such, it
can inform developers for creating appropriate tools, guide policy makers with regard to regulatory
decisions and support stakeholders in their understanding of D4C, possibly improving workflows
and patient care. Further research is needed to operationalize and validate the framework across
healthcare settings.

Funding: None.
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Introduction

Digital health tools — encompassing amongst others telehealth, wearable devices and health
information technology — are on the rise. As of 2022, the global digital health market was estimated
at USD 211.0 billion, with projections suggesting an annual growth rate of 18.6% until 2030 [1].
These tools have become integral to healthcare services, being utilized in almost every aspect of
healthcare routine, from prevention and detection to treatment and recovery, significantly improving
patient outcomes [2]. Digital health tools can also facilitate interaction between healthcare
stakeholders, enabling communication, coordination, cooperation and collaboration (hereafter
referred to as D4C tools). Examples of such D4C tools include electronic medical records,
telemonitoring systems and web-based resources [3]. Their adoption is widespread; e.g., 96% of
general acute care clinics in the US have implemented electronic health records [4]. The application
of D4C tools is critical in the interprofessional and intersectoral context to ensure continuity of care
across professional boundaries.

Despite the increasing reliance on D4C tools in healthcare, a comprehensive D4C framework to
guide development and implementation of D4C tools in this context is missing. Prior D4C models,
such as the 3C collaboration model to guide the development of groupware and the collaboration
space model to support the development of technology for collaboration purposes lack a nuanced
framework on the distinctions and intersections of communication, coordination, cooperation and
collaboration to enhance design and evaluation of D4C tools [5,6]. This study aims to address this
gap by developing such a comprehensive framework for interprofessional D4C, underpinned by an
extensive scoping review. Our objective is to provide a conceptual foundation for the
operationalisation of D4C tools [2].

Methods

We conducted a scoping review to identify peer-reviewed articles on D4C used for interprofessional
exchange among healthcare providers. The review followed the Joanna Briggs Institute methodology
and a previously published review protocol [7,8]. The reporting adheres to the Preferred Reporting
Items for Systematic reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR)

[9].
Literature sources and selection

We applied a three-step approach to identify and include relevant articles. First, we fine-tuned our
search string in PubMed by screening the titles of the search results obtained. To capture the entire
breadth of publications in this subject area as a base for the framework, we used a sensitive search
string (Table 1). Then, we adapted the search string to CINAHL, Embase, PsycInfo and Scopus,
checked for conclusiveness and extracted the search results (Appendix 1). After uploading all records
to Covidence (Veritas Health Innovation, Melbourne, Australia), duplicates were eliminated. A
preliminary screening of the first 50 records was conducted by all study authors. Screening results
were discussed to ensure a uniform understanding of eligibility criteria. Each remaining abstract was
screened independently by two researchers. Full text screening was conducted for all included
abstracts, and the studies were either included in the synthesis or excluded with a reason for
exclusion. Discrepancies between researchers’ decisions were settled by an additional reviewer
throughout all stages of the screening process. Lastly, KN manually screened the references of all

included manuscripts to identify additional studies.
Table 1. Search strategy on MEDLINE via PubMed and SCOPUS

https://preprints.jmir.org/preprint/69276 [unpublished, non-peer-reviewed preprint]
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Participants,
concept, context

Search string

Hits in
PubMed
(12/11/2022

)

Hits in
SCOPUS
(12/11/2022

)

Communicatio
n and
collaboration
among
different
healthcare
provider
groups

trans-disciplin** OR transdisciplin**
OR cross-disciplinar*® OR
crossdisciplinar*® OR inter-disciplin**
OR interdisciplin** OR  multi-
disciplin** OR multidisciplin** OR
multi-profession** OR
multiprofession** OR inter-
profession** OR interprofession**

185,543

392,636

"knowledge transfer"® OR
information** OR Health Information
Exchange® OR cooperat** OR co-
operat** OR  collaborat*®  OR
communicat**

2,089,524

7,334,822

“integrated care”® OR Intersectoral
Collaboration® OR Interdisciplinary
Communication”

26,343

33,558

(# 1 AND #2) OR 3#

75,493

144,245

Digital tools

Health Information Systems” OR
Ambulatory Care Information
Systems” OR Information Technology®
OR technolog** OR socio-techni** OR
sociotechni** OR mHealth® OR
eHealth® OR digit*® OR Electronic
Health Records® OR Public Health
Informatics® OR  messag* OR
messeng** OR app? OR video** OR
phone* OR E-Mail** OR "E Mails™
OR "E Mail"™OR Email** OR
"electronic mail™ OR "electronic
mails"™ OR "social media"OR
WhatsApp? OR Facebook® OR Viber®
OR WeChat® OR Telegram® OR
Kakotalk®

1,254,069

5,992,856

Healthcare
setting

Health** OR hospital** OR care** OR
caring®

5,596,504

7,922,757

Combined

#4 AND #5 AND #6

7,261

11,056

Filters

8

#7 + English,
Portuguese, German,
onwards

French, Spanish,
from 2012

5,694

8,216

% title/abstract; *: Medical Subject Heading term for PubMed search string and title/abstract/keyword

for SCOPUS search string

Eligibility criteria

The eligibility criteria encompassed formal attributes and aspects related to the content. In terms of

https://preprints.jmir.org/preprint/69276
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formal attributes, we included any type of primary research approach and study design, opinion
pieces, guidelines, reviews, meta-analyses and meta-syntheses if they were published in a peer-
reviewed journal and written in English, French, German, Portuguese or Spanish. Conference
abstracts, book chapters and any records without access to the full text were excluded, as was
anything published prior to 2012 due to the rapid development of digital technologies.

Regarding content, we included publications in any geographic and demographic healthcare setting
focusing on D4C among at least two distinct groups of healthcare professionals or among healthcare
professionals in similar roles but situated in different healthcare settings. We excluded studies that
primarily investigated D4C between patient groups and healthcare practitioners, those examining the
same healthcare profession within identical settings, and any focusing on students of healthcare
professions. We further excluded articles with a focus on telemedicine — primarily facilitating
interaction between healthcare providers and patients.

Data extraction and analysis

All included records were imported into MAXQDA (version 2022; VERBI GmbH), and definitions
pertaining to communication, coordination, cooperation, collaboration and digital application were
coded and extracted into an MS Word file. Two researchers (MCR and KN) double-checked the
coding and compiled a definitive list of definitions and their corresponding references, using
Microsoft Excel (Microsoft Office 2021). All references for each definition were read and — if
available — their definition of communication, coordination, cooperation, collaboration and digital
application extracted into the same sheet. If the cited references did not provide a definition, the
definition of the article was excluded. If we were unable to access or find the references, the
definition was similarly excluded from the analysis. Common themes and dimensions across
definitions of the original record and the reference were inductively identified using thematic
analysis by KN with an initial experimental summary using ChatGPT V.3.5 (Open Al, California,
USA).

Ethics

No ethics approval was needed to conduct this scoping review of articles existing in the public
domain.

Results

Search results

Through the database search, 27 074 articles were identified. The removal of 11 767 duplicates
yielded 15 307 unique articles, of which 14 633 (95.6%) were excluded after title and abstract
screening. Full text review yielded a total of 188 (1.2%) included articles. Manually searching the 12
331 references led to the inclusion of 219 additional articles. The PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) flow diagram summarizes the process of
inclusion and selection of articles, and was extended by manual addition of references (Figure 1) [9].
For screening, the weighted average of two researchers’ Cohen’s Kappa at the abstract stage resulted
in 0.22 and for the full text screening in 0.53, indicating a fair interrater agreement for abstract
screening and moderate for full text screening [10].

https://preprints.jmir.org/preprint/69276 [unpublished, non-peer-reviewed preprint]
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Identification of studies via databases ]

Records identified from

databases
(n=27074)

Duplicate records removed
(n=11767)

Records screened

Records excluded

(n =15 307) (n=14633)
v
Records assessed for Records excluded
eligibility (n = 486)
(n=674) Only abstract (n = 250)

Studies included in review

No access (n = 51)
Off topic (n = 154)
Others (n =31)

Identification of studies via ing

Records identified from
records included in review

Nordmann €t a

(n=12331)
Records excluded after title
screening
(n=10727)
Records assessed for Records excluded
eligibility (n=1385)
(n=1604) Duplicate (n = 1 053)
Already included
(n=81)
Others (n = 251)

(n =188 + 219 = 407)

l

Definitions included from

primary references
Communication (n = 6)
Coordination (n = 7)
Cooperation (n = 7)
Collaboration (n = 9)
Digital (n = 18)

I

Total definitions included

Communication (n = 23)
Coordination (n = 18)
Cooperation (n = 13)
Collaboration (n = 32)
Digital (n = 50)

L=

Definitions included from

secondary references
Communication (n = 17)
Coordination (n = 11)
Cooperation (n = 6)
Collaboration (n = 23)
Digital (n = 32)

Prisma flow diagram for study selection and derivation of definitions. Adapted from: Page et al (2021).[11]

Most articles were published in journals in the subject area of medicine (n = 349), with the main
subject categories being health informatics (n = 114) and related to medical specialities (n = 105)
(Fig. 2, a). In all, 217 studies employed a quantitative research approach, 80 studies a qualitative
research approach, and 38 studies were mixed-method studies. With regard to the settings in which
digital health tools are used, 39 studies were ambulant, 150 examined hospitals, 192 were
intersectoral, while the remaining 26 studies were not specific. Precisely 81.1% came from high-
income countries, with the majority being from the US (n = 137) and Canada (n = 72) (Fig. 3). The
other studies were from middle-income countries (n = 26), spanned over multiple countries (n = 41)
or did not specify a country (n =10). The main technologies reported were eConsultations /
eReferrals (n = 129), messaging tools (n = 67), electronic medical / health records (n = 57) and
teleconferences (n = 55). More details for all articles are provided in Appendix 2.

a) Overall sample

ZU n
2022 (n = 19)

2021 (n=31)

2020 (n = 30)

2018 (n = 43)

2017 (n = 57)

2016 (n = 46)

2015 (n = 49)

2014 (n = 29)
2013 (n=31)

2012 (n = 25)

YEAR

Other (n = 30)
PEOH (n = 12)

Health policy
{n=235)

Multidisciplinary
{n=41)

Medicine,
miscellaneous
{n=44)

Medical
specialty
(n=105)

Health
informatics
(n=114)

JOURNAL CATEGORY
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Other (n = 25)
RCT (n=8)
Literature

review (n = 37)

Mixed methods
(n=38)

Qualitative
{n =80)

Quantitative
(n=217)

STUDY TYPE

Other (n = 26) Unspecified

[n=51)
Ambulant
(n=39)

Middle-income
country [n = 26)

Stationary
{n = 150)

High-income
country
(n =330)

Intersectoral
(n=192)

SETTING COUNTRY

nspecified {n = 12,

Multiple {n = 56)

Other {n = 31)

Teleconference
(n=55)

Electronic
medical / health
record (n = 57)

Messaging

(n=67)

eConsult /
eReferral
(n=129)

TECHNOLOGY
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b) Articles providing a definition

2022 (n=2)

Other (n =3)

Other
{n=9) Unspecified
{n=11)

2021 (n=5)
Literature

=2
Eelil{fn=2) review (n = 8)

Multiple {n = 10)
AU Health policy

n=5) Ambulant

(n=2)
MIXE(?.ITiEhodS Middle-income
Multidisciplinary country (n = 3)

fin= Other (n =6)

Stationary

Medicine, in=11)

miscellaneous
(n=3) Qualitative
Medical {n=10)
specialty (n = 2)

2017 (n=8)

Teleconference
{n=5)

2016 (n=1) High-income
2015 (n=1) country Electronic
2014 (n=1) (n =19) medical / health

Health record (n = 3)

informatics Intersectoral
(n=12) Quantitative (n=11) Messaging
(n=9) {n=5)

2013 (n=5)

2012 (n=3) eConsult /
eReferral (n=2)

YEAR JOURNAL CATEGORY STUDY TYPE SETTING COUNTRY TECHNOLOGY

Fig. 2. Comparison of overall sample and those articles which provided a definition. The unspecified group in countries comprises the articles naming
multiple countries, as well as those that did not specify a country. Messaging comprises instant messenger tools, email, pager and text messaging.
Teleconference refers to hands-free communication devices, phone calls, teleconferences and videoconferences. Multiple refers to reporting about
various technologies. The other group in technology encompasses digital care pathways, virtual reality, health information exchange, social media and
medication management. PEOH = Public Health, Environmental and Occupational Health; RCT = randomized controlled trial.

Number of publications [ mmm—
[ 137

Fig. 3. Country allocation of studies (n = 407); studies with multiple countries (n = 41) or without a country specification (n = 10) are excluded.

Definitions

Of the 407 articles, 27 (6.6%) provided in total 41 definitions of communication, coordination,
cooperation and/or collaboration. However, 12 (29.3%) definitions were excluded due to the lack of
definition in the reference, resulting in six definitions for communication [12-17], seven each for
coordination [14,15,17-21] and cooperation [14,15,17,20-23], and nine for collaboration
[16,17,21,23-28]. While many articles explained the D4C tool used in their study in detail, the
overarching technology was defined in only 25 articles (6.1%), of which seven were excluded.
Definitions were provided for digital health [29] (n = 1), eHealth [17,30-32] (n = 4), health

https://preprints.jmir.org/preprint/69276 [unpublished, non-peer-reviewed preprint]
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information exchange [33,34] (n = 2), information and communication technologies [16,35,36] (n =
3), mHealth [37,38] (n = 2), telehealth [39] (n = 1) and telemedicine [40—44] (n = 5). Two references
[16,17] gave definitions of i) at least one concept of 4C and ii) at least one type of technology. Two
articles[14,17] cited the 3C collaboration model and the collaboration space model. Originally
established by Ellis et al. in 1991 and modified by Fuks et al. in 2008, the 3C collaboration model
addresses aspects of communication, coordination, cooperation and collaboration in the context of
developing groupware applications (such as chat platforms) [6]. The collaboration space model was
designed to help researchers study the technology for collaboration purposes in healthcare [5].

Most studies providing a definition were published in journals in the subject area of medicine (n =
29), with the main subject categories being health informatics (n = 12), health policy (n = 5) and
multidisciplinary (n = 4) (Fig. 2, b). Relative to the number of articles in medical specialities, few
articles in this category provided a definition. Approximately every fifth literature review provided a
definition, in contrast to every 24" study using quantitative research methods. The provision of
definitions across settings was relatively even, except for those papers classified as others, which
defined more. Papers from Canada (n = 2) and the US (n = 3) provided few definitions. Only every
65" study about eConsults / eReferrals provided a definition.

The following paragraphs detail key aspects extracted from the definitions provided in the articles
and references. Definitions for technology, such as mHealth, telehealth and health information
exchange were analysed together to inductively identify common themes and dimensions. An
overview of the key aspects with their references are provided in Appendix 3.

Digital support

The definitions acknowledged a broad variety of digital tools, ranging from smartphone applications
to desktop-based communication systems, applied to various healthcare contexts and settings. A key
requisite for the effective use of technological tools is a good technological infrastructure, including
standards and interoperability, particularly concerning the possibility of different tools sharing and
using accurate data in compliance with data protection laws. Digital tools are recognized for
improving the accessibility of healthcare services and patient data through prompt and in some cases
real-time exchange of data across geographical and institutional boundaries, providing information
‘whenever and wherever needed’ [33]. Some definitions suggest that digital tools induce ‘global
thinking’ [16,45,46] among users. Moreover, these digital tools create a ‘networked’ [16]
environment and lead to an ‘expansion and cultural transformation of traditional healthcare’ [29].
The primary objective of employing digital tools in healthcare is to enhance patient care by
providing ‘the right care in the right place at the right time’ [47]. Definitions focus on the
empowerment aspect of digital tools by ‘making the knowledge bases (...) accessible’ [48] and
simultaneously stress the enhanced efficiency by ‘avoiding duplicative and unnecessary diagnostic or
therapeutic interventions’ [48]. Despite the possibilities of digital tools, Eysenbach (2001)
emphasized that care must be taken to address the digital divide and ensure that all people can
benefit from the technology employed [48].

Communication

Communication is defined as the exchange of information in a two-way interactive process between
the sender and the receiver. Sharma (2013) specifies that communication, according to Lasswell’s
communication theory, is ‘who says what to whom in what channel with what effect’ [49]. Essential
to all communication processes is an established common ground; sender and receiver must use a
common ‘system of symbols, signs, or behavior’ [50] to ensure that information is conveyed in a
‘meaningful way’ [13] and understood correctly. To achieve high-quality and effective
communication, four dimensions are highlighted: 1) openness, characterized by the ability to express
information ‘without fear of repercussions or misunderstanding’ [12,51], 2) accuracy of the
information and message, 3) timeliness of the information exchange, as delays might lead to
redundant work, and 4) satisfaction with the communication. The goal of communication extends

https://preprints.jmir.org/preprint/69276 [unpublished, non-peer-reviewed preprint]
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beyond mere information exchange. Its purpose is to elicit an ‘effect’ [13,52], such as specific action,
an improved understanding about a patient’s health status or to ‘establish and maintain relationships’
[5].

Coordination

Coordination is described as the management of individuals, activities and resources, based on
mutual respect and shared values. Specific to coordination is, that tasks performed by separate agents
are interdependent, requiring a constant update of ‘mutual knowledge, mutual beliefs and mutual
assumptions [...] moment by moment’ [53] and structured management in order to jointly achieve
goals. In healthcare, the aim of coordination activities is to integrate care processes in order to ensure
‘appropriate delivery of healthcare services’ [18] and a continuity of care across ‘all of a patient’s
conditions, needs, clinicians and settings’ [19,54].

Cooperation

Cooperation is characterized as ‘multiple individuals working together in a conscious way’ [55] ,
entailing the conscious integration of tasks, knowledge and skills among individuals. The agents
strive towards a shared goal and are motivated to work together as a team. Tasks are not merely
interconnected but intentionally distributed among the participants, who often share a common
workspace. The distribution of tasks means that each person ‘has only a partial vision of the entire
situation’ [22]. The tasks are subsequently amalgamated to contribute towards the shared goal:
problem-solving and decision-making, incorporating the diverse views and competencies of all those
involved.

Collaboration

Collaboration is portrayed as ‘collective action’ [56] by interprofessional healthcare workers.
Engaging in such collective action requires true partnership based on respect, mutual recognition of
and trust in one another’s abilities, knowledge and skills. These requisites enable agents to ‘pool and
share’ [57] planning and decision-making, responsibilities and challenges. Collaboration is
characterized by 1) shared power (based on professional equality and a pronounced understanding of
professional roles), 2) organisational factors (such as administrative and organisational support for
collaboration, clearly defined organisational structures, a shared budget, an open and respectful
environment, a culture and mindset facilitating collaboration, and established mechanisms to deal
with conflicts), 3) team characteristics (including the size and composition of the team, and clear
leadership), and 4) individual characteristics (such as the willingness, time and resources to engage
in collaborative efforts, the individuals’ age, gender and educational background). The aim of
collaboration is to collectively address ‘the complexities of patient needs’ [16] in order to provide the
highest quality of care.

Synthesis

Communication, coordination, cooperation and collaboration are interrelated concepts that
progressively build upon each other (Fig.4). At the base of this conceptual framework is
communication, which allows for an exchange of information. This enables the coordination of
people, activities and resources. Coordination, in turn, lays the groundwork for cooperation, which
involves the division of labour and subsequent unification to achieve a shared goal. Ultimately,
cooperation fosters collaboration in which agents collectively address complex care needs. While
exchanging information is a rather simple, achieving effective collaboration is a complex
undertaking. All elements of this framework can be supported by a variety of digital tools.

https://preprints.jmir.org/preprint/69276 [unpublished, non-peer-reviewed preprint]
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Complex

Collaboration

Collective action in a cohesive,
A interprofessional and dynamic team
COOperatlon Dimensions: sharing and shared power,
organization, team and individual
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Integration of complementary competencies, Goal: addressing the complexity of care needs

knowledge, skills and viewpoints of stakeholder
working together
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Management of people, activities and resources
Dimensions: interdependency
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understanding

Goal: integration of care processes

Communication

Exchange of infermation

Dimensions: openness, accuracy, timeliness,
satisfaction

Requisites: common ground

Goal: common understanding of information
pertaining to care that might lead to an action

Simple

Digital support

Variety of tools to support communication, coordination,
cooperation and collaboration

Dimensions. accessibility, adopter system, environment

Requisites: technological infrastructure
Goat: efficient, enhanced and empowered patient care

Fig. 4. Main attributes of digitally supported communication, coordination, cooperation and collaboration, as defined in scientific records extracted
through a scoping review and their corresponding sources.

Discussion

This scoping review identified 407 articles addressing interprofessional D4C in healthcare. While all
articles portray D4C, only a small fraction define the digital concept (6.1%) or the mode of
interaction supported by the digital tool (6.6%). Even fewer provide definitions backed by a
reference (digital: 4.7%, interaction: 3.9%). In most articles, the digital tool itself and its integration
into the context are portrayed and evaluated. The scarcity of definitions within the literature
underscores a reliance on implicit understandings of D4C concepts in the healthcare sector.

Given the relative void of explicit D4C definitions in articles, the surge of D4C tools in recent years
and their challenging integration into standard practice, we developed a comprehensive D4C
framework by analysing the extracted definitions from the articles and their references. The D4C
framework is structured as a pyramid, with communication as the foundational layer for
coordination, which enables cooperation, positioning collaboration at the apex. This hierarchy —
although reflecting a common understanding of the concepts — is not uncontested. Some authors
debate the order of cooperation and coordination, or that of coordination and collaboration,
proposing that collaboration might enable coordinated care [20,58,59]. For instance, Fuks et al.
(2008) define collaboration as the ‘interplay between communication, coordination, and cooperation’
[6]. Others view collaboration as a spectrum, ranging from mere information exchange to complex
interactional efforts, as understood by collaboration in this paper [24,26,27,60,61]. The concept of
collaboration remains thus one of the most debated concepts [5,16,56,61,62]. This suggests that even
though communication, coordination, cooperation and collaboration are depicted as separate
concepts in our framework, their boundaries are fluid and intertwined.

The effectiveness of each layer within the D4C framework depends on the extent to which the
dimensions (such as openness, accuracy, timeliness and satisfaction for communication) and the
requisites (such as common values and mutual understanding for coordination) are fulfilled. It further
depends on external factors, including the political conditions and the overarching context in which
the D4C tools are deployed, which influence the dynamics and outcomes of D4C processes [63]. The
lack of clear definitions within the literature currently presents a challenge to operationalization, i.e.,
the efficient, transparent and standardized evaluation and comparison of D4C tools.

The development of the D4C framework was driven by the need to address differing implicit

https://preprints.jmir.org/preprint/69276 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Nordmann et &

definitions. While many studies identified in the review described the technology exhaustively, they
lacked an equally exhaustive analysis of the underlying modes of interaction that the technology was
supposed to support. The value of our framework lies in its capacity to structure concepts pertaining
to a D4C, allowing for improved stakeholder engagement and possibly enabling operationalisation of
these concepts [64,65].

As such, the D4C framework that we propose can inform technology suppliers and policy makers,
research and practice, fostering a comprehensive understanding of D4C definitions used in a given
project and the intended interaction enabled through a specific D4C tool. Such clarity could guide
technology providers in developing adequate tools for the intended interaction, be it communication,
coordination, cooperation or collaboration. Policy makers can utilize the framework to formulate or
revise guidelines and regulations that support effective integration of D4C tools into healthcare
settings, ensuring that they contribute to improved interprofessional interaction and workflow,
possibly enhancing patient care.

Limitations

Despite our comprehensive search strategy, which included databases from different disciplines such
as health sciences, social sciences and life sciences, we may not have identified all relevant literature
as technological databases such as IEEE Xplore and ACM Digital Library were not searched. To
mitigate this limitation, we conducted a manual search of the references cited in the included articles.
Although we believe that the identified studies provide a robust foundation for the D4C framework,
future research should aim to include other sources such as grey literature and industry reports.
Another limitation is that we did not perform a comprehensive search of interprofessional interaction
without digital tools and deliberately only included explicit definitions of D4C concepts. While a
more in-depth analysis of implicit definitions could have provided a more nuanced D4C framework,
only including explicit definitions showcases how authors understand the concepts and underscore
their importance. Basing the D4C framework on definitions included or referenced in the literature
further enhances the likelihood of successfully translating the conceptual framework into practical
application.

Conclusion

Our review is the first to present a comprehensive D4C framework derived from scientific literature.
By providing a structured approach to D4C tools and the supported communication, coordination,
cooperation and collaboration, our framework can assist stakeholders in their understanding of D4C
tools and guide development and deployment. Further research is needed to operationalize the D4C
framework and to establish a maturity model in order to efficiently measure the impact of D4C tools
across diverse healthcare settings.

Author’s contributions: KN, SS, MCR, MS and FF conceptualized the study. KN, SS, MCR, MS
and FF contributed to data collection. KN, SS, MCR, MS and FF analyzed the data. KN drafted the
manuscript; SS, MCR, MS and FF revised the draft critically and provided important intellectual
content. All authors had full access to all the data in the study, read and approved the final
manuscript and had final responsibility for the decision to submit for publication.

Declaration of interests: We declare no competing interests.

Data sharing: Data is available upon reasonable request from the corresponding author.

Funding: This research received no specific grant from any funding agency in the public,
commercial, or not-for-profit sectors.

Declaration of generative AI and Al-assisted technologies in the writing process: During the
preparation of this work the authors used ChatGPT 4o in order to improve language and readability.
After using this tool, the authors reviewed and edited the content as needed and take full
responsibility for the content of the publication.

https://preprints.jmir.org/preprint/69276 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Nordmann et &

References

1. Grand View Research. Market Analysis Report: Digital Health Market Size, Share & Trends
Analysis Report By Technology (Healthcare Analytics, mHealth), By Component (Hardware,
Software, Services), By Application, By End-use, By Region, And Segment Forecasts, 2024 -
2030 URL: https://www.grandviewresearch.com/industry-analysis/digital-health-market#
[accessed 2024-09-23].

2. World Health Organization. Global strategy on digital health 2020-2025; 2021. ISBN:978-92-4-
002093-1.

3. Steele Gray C, Barnsley J, Gagnon D, Belzile L, Kenealy T, Shaw J, Sheridan N, Wankah Nji P,
Wodchis WP. Using information communication technology in models of integrated community-
based primary health care: learning from the iCOACH case studies. Implement Sci
2018;13(1):87. PMID:29940992

4. Office of the National Coordinator for Health Information Technology. Adoption of Electronic
Health Records by Hospital Service Type 2019-2021 2022 URL:
https://www.healthit.gov/data/quickstats/adoption-electronic-health-records-hospital-service-
type-2019-2021 [accessed 2024-09-23].

5. Eikey EV, Reddy MC, Kuziemsky CE. Examining the role of collaboration in studies of health
information technologies in biomedical informatics: A systematic review of 25 years of research.
J Biomed Inform 2015;57:263-277. PMID:26264406

6. Fuks H, Raposo A, Gerosa MA, Pimental M, Lucena CJP. The 3C Collaboration Model. In: Kock
N, editor. Encyclopedia of E-Collaboration: IGI Global; 2008. ISBN:9781599040004. p. 637—
644.

7. Peters MDJ, Godfrey C, Mclnerney P, Khalil H, Larsen P, Marnie C, Pollock D, Tricco AC,
Munn Z. Best practice guidance and reporting items for the development of scoping review
protocols. JBI Evid Synth 2022;20(4):953-968. PMID:35102103

8. Nordmann K, Sauter S, Mobius-Lerch P, Redlich M-C, Schaller M, Fischer F. Conceptualizing
Interprofessional Digital Communication and Collaboration in Health Care: Protocol for a
Scoping Review. JMIR Res Protoc 2023;12:e45179. PMID:37358886

9. Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, Moher D, Peters MDJ,
Horsley T, Weeks L, Hempel S, Akl EA, Chang C, McGowan J, Stewart L, Hartling L, Aldcroft
A, Wilson MG, Garritty C, Lewin S, Godfrey CM, Macdonald MT, Langlois EV, Soares-Weiser
K, Moriarty J, Clifford T, Tuncalp O, Straus SE. PRISMA Extension for Scoping Reviews
(PRISMA-ScR): Checklist and Explanation. Annals of Internal Medicine 2018;169(7):467-473.
PMID:30178033

10. McHugh ML. Lessons in biostatistics: Interrater reliability: the kappa statistic. Biochemia Medica
2012;22(3):276-282.

11. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, Shamseer L,
Tetzlaff JM, Akl EA, Brennan SE, Chou R, Glanville J, Grimshaw JM, Hrébjartsson A, Lalu
MM, Li T, Loder EW, Mayo-Wilson E, McDonald S, McGuinness LA, Stewart LA, Thomas J,
Tricco AC, Welch VA, Whiting P, Moher D. The PRISMA 2020 statement: an updated guideline
for reporting systematic reviews. BMJ 2021;372:n71. PMID:33782057

12. Hoonakker PLT, Carayon P, Walker JM, Brown RL, Cartmill RS. The effects of Computerized
Provider Order Entry implementation on communication in Intensive Care Units. Int J Med
Inform 2013;82(5):e107-17. PMID:23298435

13.Thomas SK, Coleman JJ. The impact of computerised physician order entry with integrated
clinical decision support on pharmacist—physician communication in the hospital setting: a
systematic review of the literature. Eur J Hosp Pharm 2012;19(4):349-354.
doi:10.1136/ejhpharm-2012-000110

14. Sheehan J, Laver K, Bhopti A, Rahja M, Usherwood T, Clemson L, Lannin NA. Methods and

https://preprints.jmir.org/preprint/69276 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Nordmann et &

Effectiveness of Communication Between Hospital Allied Health and Primary Care Practitioners:
A Systematic Narrative Review. J Multidiscip Healthc 2021;14:493-511. PMID:33654406

15. Tang T, Heidebrecht C, Coburn A, Mansfield E, Roberto E, Lucez E, Lim ME, Reid R, Quan SD.
Using an electronic tool to improve teamwork and interprofessional communication to meet the
needs of complex hospitalized patients: A mixed methods study. Int J Med Inform 2019;127:35-
42. PMID:31128830

16. Palanisamy R, Taskin N, Verville J. Impact of Trust and Technology on Interprofessional
Collaboration in Healthcare Settings. International Journal of e-Collaboration 2017;13(2):10-44.
doi:10.4018/1JeC.2017040102

17.Husain A, Cohen E, Dubrowski R, Jamieson T, Kurahashi AM, Lokuge B, Rapoport A, Saunders
S, Stasiulis E, Stinson J, Subramaniam S, Wegier P, Barwick M. A Clinical Communication Tool
(Loop) for Team-Based Care in Pediatric and Adult Care Settings: Hybrid Mixed Methods
Implementation Study. J Med Internet Res 2021;23(3):e25505. PMID:33656445

18.La Rocca A, Hoholm T. Coordination between primary and secondary care: the role of electronic
messages and economic incentives. BMC Health Serv Res 2017;17(1):149. PMID:28212653

19. Walsh C, Siegler EL, Cheston E, O'Donnell H, Collins S, Stein D, Vawdrey DK, Stetson PD.
Provider-to-provider electronic communication in the era of meaningful use: a review of the
evidence. J Hosp Med 2013;8(10):589-597. PMID:24101544

20.Iversen TB, Melby L, Toussaint P. Instant messaging at the hospital: supporting articulation
work? Int J Med Inform 2013;82(9):753-761. PMID:23746431

21. Hawley G, Hepworth J, Jackson C, Wilkinson SA. Integrated care among healthcare providers in
shared maternity care: what is the role of paper and electronic health records? Aust J Prim Health
2017;23(4):397-406. PMID:28606289

22.Pelayo S, Anceaux F, Rogalski J, Elkin P, Beuscart-Zephir M-C. A comparison of the impact of
CPOE implementation and organizational determinants on doctor-nurse communications and
cooperation. Int J Med Inform 2013;82(12):e321-30. PMID:22999779

23. Flemming D, Hiibner U. How to improve change of shift handovers and collaborative grounding
and what role does the electronic patient record system play? Results of a systematic literature
review. Int J Med Inform 2013;82(7):580-592. PMID:23628146

24. Bjgrkquist C, Forss M, Samuelsen F. Collaborative challenges in the use of telecare. Scand J
Caring Sci 2019;33(1):93-101. PMID:30113071

25.Lin H-J, Ko Y-L, Liu C-F, Chen C-J, Lin J-J. Developing and Evaluating A One-Stop Patient-
Centered Interprofessional Collaboration Platform in Taiwan. Healthcare (Basel) 2020;8(3).
PMID:32751264

26. Vos JFJ, Boonstra A, Kooistra A, Seelen M, van Offenbeek M. The influence of electronic health
record use on collaboration among medical specialties. BMC Health Serv Res 2020;20(1):676.
PMID:32698807

27. Weissenborn M, Haefeli WE, Peters-Klimm F, Seidling HM. Interprofessional communication
between community pharmacists and general practitioners: a qualitative study. Int J Clin Pharm
2017;39(3):495-506. PMID:28315115

28.Zelko E, Ramsak Pajk J, Skvar¢ NK. An Innovative Approach for Improving Information
Exchange between Palliative Care Providers in Slovenian Primary Health-A Qualitative Analysis
of Testing a New Tool. Healthcare (Basel) 2022;10(2). PMID:35206829

29. Mills J, Fox J, Damarell R, Tieman J, Yates P. Palliative care providers’ use of digital health and
perspectives on technological innovation: a national study. BMC Palliat Care 2021;20(1).
doi:10.1186/512904-021-00822-2

30. Alkmim MBM, Marcolino MS, Figueira RM, Sousa L, Nunes MS, Cardoso CS, Ribeiro AL.
Factors associated with the use of a teleconsultation system in Brazilian primary care. Telemed J
E Health 2015;21(6):473-483. PMID:25785650

31.Johansson AM, Lindberg I, Soderberg S. The views of health-care personnel about video

https://preprints.jmir.org/preprint/69276 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Nordmann et &

consultation prior to implementation in primary health care in rural areas. Prim Health Care Res
Dev 2014;15(2):170-179. PMID:23402617

32.Tran V, Lam MK, Amon KL, Brunner M, Hines M, Penman M, Lowe R, Togher L.
Interdisciplinary eHealth for the care of people living with traumatic brain injury: A systematic
review. Brain Inj 2017;31(13-14):1701-1710. PMID:29064300

33. Pendergrass JC, Chandrasekaran R. Key Factors Affecting Ambulatory Care Providers' Electronic
Exchange of Health Information With Affiliated and Unaffiliated Partners: Web-Based Survey
Study. JMIR Med Inform 2019;7(4):e12000. PMID:31697241

34. Watkinson F, Dharmayat KI, Mastellos N. A mixed-method service evaluation of health
information exchange in England: technology acceptance and barriers and facilitators to
adoption. BMC Health Serv Res 2021;21(1):737. PMID:34303379

35.Rocha GA, Silva RKdSe, Neto FJdC, Fontes JH, Nascimento JMFd, Bastos SNMAN.
Comunicacao efetiva para seguranca do paciente e o uso de tecnologias da informacdo em satde.
Rev. Enferm. Atual In Derme 2020;93(31). doi:10.31011/reaid-2020-v.93-n.31-art.712

36. Brown-Manhertz D. Using smartphones to improve interdisciplinary collaboration. Nurse Pract
2017;42(4):1-5. PMID:28306663

37. Ganasegeran K, Renganathan P, Rashid A, Al-Dubai SAR. The m-Health revolution: Exploring
perceived benefits of WhatsApp use in clinical practice. Int J Med Inform 2017;97:145-151.
PMID:27919374

38.Nam HS, Park E, Heo JH. Facilitating Stroke Management using Modern Information
Technology. J Stroke 2013;15(3):135-143. PMID:24396807

39. Turner K, Bobonis Babilonia M, Naso C, Nguyen O, Gonzalez BD, Oswald LB, Robinson E,
Elston Lafata J, Ferguson RJ, Alishahi Tabriz A, Patel KB, Hallanger-Johnson J, Aldawoodi N,
Hong Y-R, Jim HSL, Spiess PE. Health Care Providers' and Professionals' Experiences With
Telehealth Oncology Implementation During the COVID-19 Pandemic: A Qualitative Study. J
Med Internet Res 2022;24(1):e29635. PMID:34907900

40. Souza CHA de, Morbeck RA, Steinman M, Hors CP, Bracco MM, Kozasa EH, Ledao ER. Barriers
and Benefits in Telemedicine Arising Between a High-Technology Hospital Service Provider and
Remote Public Healthcare Units: A Qualitative Study in Brazil. Telemed J E Health
2017;23(6):527-532. PMID:27911667

41. Giordano V, Koch H, Godoy-Santos A, Dias Belangero W, Esteves Santos Pires R, Labronici P.
WhatsApp Messenger as an Adjunctive Tool for Telemedicine: An Overview. Interact J] Med Res
2017;6(2):el11. PMID:28733273

42.Mohammad Reza F. Aghdam, Aleksandar Vodovnik, Rania Adel Hameed. 14th European
Congress on Digital Pathology. Journal of Pathology Informatics 2019;10(1):32.
doi:10.4103/2153-3539.270744

43.Silsand L, Severinsen G-H, Berntsen G. Preservation of Person-Centered Care Through
Videoconferencing for Patient Follow-up During the COVID-19 Pandemic: Case Study of a
Multidisciplinary Care Team. JMIR Form Res 2021;5(3):e25220. PMID:33646965

44. Zachariah R, Bienvenue B, Ayada L, Manzi M, Maalim A, Engy E, Jemmy JP, Ibrahim Said A,
Hassan A, Abdulrahaman F, Abdulrahman O, Bseiso J, Amin H, Michalski D, Oberreit J, Draguez
B, Stokes C, Reid T, Harries AD. Practicing medicine without borders: tele-consultations and
tele-mentoring for improving paediatric care in a conflict setting in Somalia? Trop Med Int
Health 2012;17(9):1156-1162. PMID:22845678

45.Cashen MS, Dykes P, Gerber B. eHealth technology and Internet resources: barriers for
vulnerable  populations. Journal of Cardiovascular Nursing 2004;19(3):209-214.
doi:10.1097/00005082-200405000-00010

46. Boogerd EA, Arts T, Engelen LJ, van de Belt TH. "What Is eHealth": Time for An Update? JMIR
Res Protoc 2015;4(1):e29. PMID:25768939

47.Jiang CY, El-Kouri NT, Elliot D, Shields J, Caram MEYV, Frankel TL, Ramnath N, Passero VA.

https://preprints.jmir.org/preprint/69276 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Nordmann et &

Telehealth for Cancer Care in Veterans: Opportunities and Challenges Revealed by COVID. JCO
Oncol Pract 2021;17(1):22-29. PMID:32970512

48. Eysenbach G. What is e-health? J Med Internet Res 2001;3(2):E20. PMID:11720962

49. Sharma G, Qiang Y, Wenjun S, Qi L. Communication in virtual world: Second life and business
opportunities. Inf Syst Front 2013;15(4):677-694. doi:10.1007/s10796-012-9347-z

50. Merriam-Webster. communication URL:
https://www.merriam-webster.com/dictionary/communication [accessed 2023-12-12].

51.Hansen HE, Biros MH, Delaney NM, Schug VL. Research utilization and interdisciplinary
collaboration in emergency care. Acad Emerg Med 1999;6(4):271-279. PMID:10230977

52. Ash JS, Berg M, Coiera E. Some unintended consequences of information technology in health
care: the nature of patient care information system-related errors. J Am Med Inform Assoc
2004;11(2):104-112. PMID:14633936

53.Resnick LB, Levine JM, Teasley SD, editors. Grounding in Communication (Chapter 7).
Washington: APA Books; 1991.

54. O'Malley AS, Grossman JM, Cohen GR, Kemper NM, Pham HH. Are electronic medical records
helpful for care coordination? Experiences of physician practices. J Gen Intern Med
2010;25(3):177-185. PMID:20033621

55. Schmidt K. Cooperative Work and its Articulation: Requirements for Computer Support. Travail
Humain 1994;57(4):345-366.

56. D'Amour D, Ferrada-Videla M, San Martin Rodriguez L, Beaulieu M-D. The conceptual basis for
interprofessional collaboration: core concepts and theoretical frameworks. J Interprof Care
2005;19 Suppl 1:116-131. PMID:16096150

57.D'Amour D. Structuration de la collaboration Structuration de la collaboration
interprofessionnelle dans les services de santé de premiére ligne au Québec. Ottawa: National
Library of Canada; 1997.

58.Schmied V, Mills A, Kruske S, Kemp L, Fowler C, Homer C. The nature and impact of
collaboration and integrated service delivery for pregnant women, children and families. J Clin
Nurs 2010;19(23-24):3516-3526. PMID:20946442

59. McDonald KM, Sundaram V, Bravata DM, Lewis R, Lin N, Kraft SA, McKinnon M, Paguntalan
H, Owens DK. Closing the Quality Gap: A Critical Analysis of Quality Improvement Strategies
(Vol. 7: Care Coordination) 2007. PMID:20734531

60. Zillich AJ, McDonough RP, Carter BL, Doucette WR. Influential characteristics of
physician/pharmacist collaborative relationships. Ann Pharmacother 2004;38(5):764-770.
PMID:15031418

61. Andersson J, Ahgren B, Axelsson SB, Eriksson A, Axelsson R. Organizational approaches to
collaboration in vocational rehabilitation-an international literature review. International Journal
of Integrated Care 2011;11:e137. PMID:22128280

62. Axelsson SB, Axelsson R. From territoriality to altruism in interprofessional collaboration and
leadership. J Interprof Care 2009;23(4):320-330. PMID:19517284

63. Snyder ME, Zillich AJ, Primack BA, Rice KR, Somma McGivney MA, Pringle JL, Smith RB.
Exploring successful community pharmacist-physician collaborative working relationships using
mixed methods. Res Social Adm Pharm 2010;6(4):307-323. PMID:21111388

64. World Health Organization. Framework for Action on Interprofessional Education &
Collaborative Practice; 2010.

65. Nilsen P. Making sense of implementation theories, models and frameworks. Implement Sci
2015;10:53. PMID:25895742

https://preprints.jmir.org/preprint/69276 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Nordmann et &

Supplementary Files

https://preprints.jmir.org/preprint/69276 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Nordmann et &

Multimedia Appendixes

Search strategy in detail for PubMed search.
URL.: http://asset.jmir.pub/assets/Ob3a9b4c40b1f 1bd746ebd7c48ac882d.docx

In-detail overview of included studies.
URL.: http://asset.jmir.pub/assets/3c346e9ch28a3044f 37d9b9c8e93f 7 3.x1sx

Attributes of digitally supported communication, coordination, cooperation and collaboration as defined through the scoping

review and their corresponding sources.
URL: http://asset.jmir.pub/assets/8d1abad62cf cf64b2c9b3ab55cc02bad.docx

https://preprints.jmir.org/preprint/69276 [unpublished, non-peer-reviewed preprint]


http://www.tcpdf.org

	Table of Contents
	Original Manuscript
	Supplementary Files
	Multimedia Appendixes
	Multimedia Appendix 1
	Multimedia Appendix 2
	Multimedia Appendix 3



