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REVIEW

Managing interorganisational collaborations to develop medical
technologies: the contribution of interpersonal relationships

Linda Olubajoa , Paul Dimitrib , Andrew Johnstonc and Martin Owensa

aSheffield Business School, Sheffield Hallam University, Sheffield, UK; bNIHR Children and Young People MedTech Co-operative,
Sheffield Children’s NHS Foundation Trust, Sheffield, UK; cInternational Centre for Transformational Entrepreneurship, Coventry
University, Coventry, UK

ABSTRACT
The development of medical technologies that effectively meet clinical and patient needs
increasingly relies upon collaborative working between clinicians, businesses and universities.
While this “open” innovation process may provide access to additional resources, knowledge,
and expertise the process is not frictionless. At the personal level, individuals may have different
ways of working and incentives and at the organisational level, partners may have their own
cultures and processes. Thus, interorganisational collaboration is not necessarily a panacea, but
has advantages and disadvantages. The challenges are somewhat heightened in the MedTech
sector where collaborative working cuts across established professional boundaries, brings
together diverse knowledge from an array of disciplines, and often disrupts existing medical
practice. Given these factors, this article presents a review of the extant management literature
examining the complexities within multi-party collaboration and ways to drive these partner-
ships forwards. The article emphasises the critical value of interpersonal relationships within col-
laborations and offers means of strengthening them.
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1. Introduction

Collaboration between universities and industry are
relatively common in the pursuit of innovation, ena-
bling a fusion of diverse perspectives, expertise and
resources, and often unlocking the ability to solve
complex socio-economic problems [1]. For MedTech
development, a clinical partner is required to account
for the centrality of user engagement in this sector
[2]. A clinical partner offers a vital perspective on prac-
tical need and application, but they can also support
access to patients and families to enable a user-centric
approach to MedTech development [3]. Consequently,
where the innovation process involves multiple actors,
i.e., the commercial sector, universities and clinicians,
these partnerships are typically more complex [2,3].
This complexity results in numerous challenges. First,
at the organisational level, partnerships can amplify
differing incentives, processes, priorities, timelines,
approaches to intellectual property (IP) and working
cultures [4–6]. Second, at the individual level, partners
may have contradictory motivations, knowledge bases,

expertise, experience and communication styles.

Indeed, where partners are particularly diverse at the

organisational level, such as industry, universities and

clinicians, there may be a greater number of differen-

ces. Sometimes dissimilarities can have a tangible

impact on the collaboration and can lead to many

promising discoveries failing at the early stages of

development [7–10].
Several factors can enhance the likelihood of suc-

cess, such as partners having prior experience of simi-

lar collaborations, prior trusting relationships between

partners, and the employment of intermediaries to

bridge the differences [11]. Alongside these condi-

tions, partnering organisations can actively strengthen

a collaboration by increasing contextual and geo-

graphic proximities between partners. Recognising

that collaborations are inherently relational in nature

suggests that the social aspect of a collaboration is

important in this endeavour [10,12,13]. Interpersonal

relationships are complex and often organic; yet, there
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are certain elements that can be nurtured, managed
or mobilised to enhance collaboration.

To date, there is little evidence published that
defines the factors that support a successful triadic
collaboration between industry, academia and health-
care; thus, underpinning the need for future research
in this area. Previous work in this field focuses on stra-
tegic alliances or collaborative projects between uni-
versities and industry, demonstrating the value of
individuals and their interpersonal relationships and
the drivers for successful collaboration. Nonetheless,
research exploring biomedical and medical device
development hints at the potential relevance of these
individual level factors within the MedTech indus-
try [14–16].

The purpose of this article is to draw on evidence
from social science research to provide a review of the
factors that underpin successful interorganisational

collaborations. The framework presented examines
contextual factors, team factors, individual characteris-
tics and relational drivers. The subsequent sections
provide an overview of each factor and the final sec-
tion summarises these and offers ideas for
future research.

2. Factors that influence collaboration

Collaborative relationships are complex in nature.
Since they develop and evolve between the individu-
als within partnering organisations they are influenced
by several factors. Figure 1 outlines the myriad influ-
ences on these collaborations including core relational
drivers such as trust and commitment at the centre,
behavioural factors such as an individual’s flexibility
and tact, individual characteristics, including their
demographic, skills and experience, team level factors,

Figure 1. Factors influencing interpersonal relationships within collaborations.
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such as team composition and leadership and context-
ual factors such as the nature and size of the organisa-
tion, the management structure and the wider
discipline or sector the relationship is operat-
ing within.

Proximities (i.e., similarities or closeness) between
partners, at either an individual or organisational level,
can bridge partners’ differences and enhance the
effectiveness of collaborations [17–19]. These proxim-
ities can exist in various dimensions such as sharing
similar knowledge or expertise (“cognitive”); processes
(“organisational”); existing relationships (“social”);
shared rules, habits or values (“institutional”); or geo-
graphic closeness [17,20,21]. Even if partners differ in
some dimensions, closeness in other elements can off-
set this diversity, for example, geographic proximity
can act as a substitute for the organisational, institu-
tional and social proximities by enabling greater face-
to-face interaction [22]. Geographic closeness between
university and clinical partners appears relatively com-
mon in MedTech collaborations, with some progress-
ing to long-term partnerships at the organisational
level (e.g., the Centre for Healthcare Technologies in
Nottingham [23] and the Christobel Pankhurst
Institute for Health Technology being created in
Manchester [24], both of which involve a local univer-
sity and NHS Trust). However, the current COVID-19
pandemic may have somewhat levelled the playing
field in terms of geographic proximity, promoting vir-
tual meetings through video calls in place of face-to-
face meetings. Thus, partners may be more reliant on
developing temporary proximity through online meet-
ings [25] given that the traditional boundaries related
to geographic proximity (e.g., travel time between
partners) are reduced by technology.

Furthermore, although academic, industry and clin-
ical partners are institutionally diverse, the level of
proximity across various dimensions should not be
viewed as fixed, rather they should be viewed as
dynamic and open to change [11]. In the early stages,
proximity on one level can tether collaborating organi-
sations whilst other dimensions of proximity are built,
for example, social proximity or interpersonal relation-
ships holding partners together whilst mutual under-
standing and a shared language is developed [20]. For
example, a study of innovation within hospitals found
that in addition to geographical differences, the
managerial, cultural and organisational differences
between hospitals and other organisations, particularly
subcontracted organisations, hampered the effective-
ness of their interactions [2]. However, a common

cultural background was advantageous to establish
tacit codes of conduct and enhance communica-
tion [2].

As organisations learn to work together, proximity
can therefore develop and evolve (and potentially
change), with collaborators becoming closer, albeit
challenges may occur during this evolution [26]. In
some cases, proximities may develop passively under
the right circumstances (e.g., frequent interaction).
However, in other cases they need to be actively man-
aged and strengthened. Therefore, to facilitate greater
proximity, partners can undertake activities that
reduce the institutional differences; for example, inves-
ting in the interpersonal relationships between key
individuals (i.e., recognising their value and making
time and other resources available to build and nur-
ture social connections) [27].

Relationships between individuals are fundamental
in shaping successful collaborations [28–32]. In the
beginning, relationships can catalyse the formation of
a collaboration and allow organisations to gather
information about a potential partner’s abilities and
resources [32]. Relationships can also speed up the
formation process and help to build and strengthen
trust [32]. Relationships can reduce real or perceived
risk and uncertainty in the collaboration, deal with
issues effectively and help to resolve small conflicts
before they escalate [32,33]. They can also foster joint
problem solving, reduce the need for excessive moni-
toring and create a moral obligation that encourages
individuals to exceed their contractual agreements
[32,33]. Furthermore, relationships not only assist the
smooth running of a project, but they can open up
other collaborative opportunities [28]. Social and rela-
tional exchange theories also argue that relational-
based exchanges (i.e., exchanges made as part of
building a longer-term relationship) outperform trans-
actional-based exchanges (e.g., a basic exchange of
services for payment) because they enable partners to
adapt to new conditions [34]. Within MedTech devel-
opment, relationships are said to be particularly
important during the early development phase where
scientific, clinical, commercial and regulatory expertise
need to be combined [14,35]. In this phase, partners
likely begin working together more closely and
intensely. During this “intermeshing,” and perhaps
whilst trust is yet to be established, it is likely that dif-
ferences (e.g., in motivations, expectations, cultures
and processes) are brought to the surface and require
harmonisation to avoid the ill effects of conflict. Thus,
relationships help to temper these differences and
find a mutually agreeable way forwards.
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Certain elements of a relationship can improve col-
laborative success. The extent and quality of commu-
nication enables easier exchange of information and
facilitates the development of trust and commitment
[31]. In collaborative innovation, strong relationships
facilitate the exchange of information, which is par-
ticularly crucial in order to define and complete the
project, generate mutual value, and drive success in
research projects through to commercialisation,
acknowledging that relationships are important in this
field due to the inherent complexity and risks [36]. In
MedTech development, clinicians and patients share
knowledge about clinical needs, service integration
and user requirements in a different setting, and thus
a relationship with these key stakeholders will
enhance the chances of success. This exchange of
expertise not only helps in creating a product, but
also in ensuring it meets users’ needs. Organisations
must however acknowledge that relational factors
alone cannot guarantee relationship success [31,37].
Additional elements augment the influence of relation-
ships such as complementary resources and each part-
ner’s ability to effectively deploy their resources
[37,38]. Additionally, it is possible for relationships to
break down or individuals can move on to new ven-
tures. Though individuals can be replaced, it takes
time for new relationships to be forged, and replace-
ments may not share the same enthusiasm or chemis-
try of their predecessors [32]. In spite of these caveats,
collaborations must have relationships placed at the
core [28]. Considering their deep influence, partners
must value the importance of interpersonal relation-
ships and socio-psychological aspects of a collabor-
ation, just as they invest in the financial and technical
elements to achieve success [12]. Understanding the
key dimensions of relationships and how they can be
nurtured can allow partners to unlock the ability to
strengthen collaborations.

3. Key roles in collaboration

The individuals at the interface between collaborating
organisations can be extremely influential [14].
Ultimately, these individuals help to nurture the rela-
tional drivers that improve proximities between partners.

Where partners do not have prior experience of
working together, intermediaries can help to broker
relationships, acting as translators for the different lan-
guages spoken by partners [8]. In this way, intermedia-
ries can strengthen cognitive proximities between
partners (shared knowledge and understanding) and
potentially also organisational proximities by offering

“neutral” processes. In the UK, there are government
funded intermediaries, including those specialising in
MedTech collaborations, such as the NIHR MedTech
and In-Vitro Diagnostics Cooperatives (NIHR MICs) [39],
Medilink [40] and the AHSN network [41]. They serve
to facilitate collaborations between the commercial
sector, academics across multiple specialty areas and
clinicians to support the development of health tech-
nology. In addition, there are agencies such as the
Medipex Healthcare Innovation Hub [42] that support
regulation and commercialisation to accelerate tech-
nology development to market. Universities can also
introduce and bridge clinical partners to industry [2],
perhaps because they are seen as a public sector ally
with similar habits and values (i.e., greater institutional
proximity). Furthermore, where collaborative innov-
ation involves a university, the university’s Technology
Transfer Office, University Incubators or Collaborative
Research Centres offer an intermediary to support rela-
tionship building and collaboration.

The aim of an intermediary is to reduce the organ-
isational complexity and distance between the differ-
ent logics within partners, e.g., their different values,
beliefs, assumptions and rules [11]. Towards this, they
use various activities to increase proximity and
improve technology transfer, such as employing peo-
ple with hybrid backgrounds (backgrounds or experi-
ence from different professions) to reduce cognitive
distance; promoting frequent meetings and open dis-
cussions to reduce geographical distance; simplifying
bureaucracy to increase organisational proximity and
promoting and organising events and workshops to
expand social networks [11]. Proximities are strongly
related to context-specific characteristics, so the type
of activities implemented will be influenced by the
complexity of the knowledge being transferred and
the type of actors involved [11]. As an example, the
NIHR Children and Young People MedTech Co-opera-
tive (NIHR CYP MedTech) is one of 11 MICs across UK
who work with clinical teams, academics, businesses
and service users (e.g., patients and their families) to
support the development and adoption of new med-
ical devices, healthcare technologies and technology-
dependent interventions in the NHS. Each of these
MICs focuses on a specialist area, such as in-vitro diag-
nostics, trauma management, community healthcare
and surgical, and tailor their services accordingly. NIHR
CYP MedTech is the only MIC dedicated to child
health and paediatrics, and offers a broad range of
support for academics, clinicians and industry who are
developing MedTech for children and young people.
They organise networking events including an annual
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conference, enabling attendees to network, see live
demonstrations, debate and hear from opinion leaders
[43]. They also go beyond helping to develop relation-
ships to support partners in identifying and validating
unmet needs, accessing the NHS, gaining input from
patients and their families, and undertaking clinical
evaluation [44]. As the MICs are embedded within and
hosted by the NHS, this access to clinicians and
patients can be highly valuable as user involvement in
design and verification is a critical success factor for
MedTech development [2,15,16,45,46]. NIHR CYP
MedTech also offer regulatory and IP guidance, project
management, and market-specific knowledge such as
the nuances of paediatric MedTech development.
Those employed within NIHR CYP MedTech have a
range of backgrounds, from nursing and clinical
research to academic research and MedTech patenting
[47]. This breadth of experience and expertise enables
them to offer guidance throughout the journey of
paediatric MedTech development, and potentially also
fill gaps in knowledge/experience left by collaboration
partners. This can be particularly valuable as team
experience has been found to improve overall devel-
opment time by up to 50%—and shorter-time-to-mar-
ket is something MedTech companies constantly aim
for [15,48]. Knowledge of regulatory requirements is
similarly important and these set the sector aside from
general product development as they provide add-
itional constraints for development, manufacture and
marketing [15,16,49,50].

Individuals working across organisational bounda-
ries are often referred to as “boundary spanners” [51].
Boundary spanners act as a relationship catalyst as
they possess the ability to work across the partnering
organisations, their teams and resources. Within
MedTech development, in addition to cross-organisa-
tion activities, boundary spanning can also take the
form of clinicians bringing patients and their families
into the collaboration, likely driven by a trusted rela-
tionship between the two. Within university-industry
collaborations, boundary spanners have been identi-
fied as key actors in overcoming organisational bar-
riers [52]—potentially leveraging social connections to
improve other proximities, such as organisational prox-
imity. They are also found to be instrumental in the
biomedical context, providing connections to scientific
networks and increasing firms’ absorptive capacity—
the ability to recognise new information, assimilate it
and apply it within a commercial setting [14]. In doing
so, they are arguably reducing the cognitive distance
between partners. These individuals are commonly in
charge of interorganisational collaborations, acting as

the lynchpins between the social groups [53,54]. They
are particularly important when bridging differences in
language and understanding [21]. In industry, this role
may lie with a senior executive, partnership manager
or business development manager, and within univer-
sities it may be the principal investigator (PI), business
development manager, PhD student or even a recent
graduate working within the partnering company. In
MedTech, healthcare professionals from various back-
grounds may act as boundary spanners. Additionally,
other organisations such as the NIHR MICs and the
AHSN Network for example, may offer individuals to
support collaboration between industry, universities
and healthcare through their established networks.
Despite the significant research on boundary spanners
in an intra-organisational context, detailed understand-
ing of boundary spanning roles is limited within col-
laborative innovation. Yet, evidence to date suggests
that boundary spanners play key roles in connecting
diverse organisations/groups (coupling different struc-
tures, operations, organisational routines and profes-
sional environments) [51,52,55], acting as entrepreneur
and innovator: scanning for ideas and translating
knowledge back into the organisation and combining
scientific/technical/industry/market/organisation know-
ledge [51,52,55,56]. Moreover, boundary spanners help
to assemble and coordinate project teams, identify
and secure buy-in from senior-level champions [52,56]
and acknowledge, manage and balance the different
time horizons of partners, particularly where small and
medium-sized businesses (SMEs) are involved [52].

As a result of the complexity of these roles, mul-
tiple accountabilities and often managing without
power, boundary spanners may face paradox, ambigu-
ity and tensions [51]. Furthermore, partners’ opposing
forces of self-interest and collaboration, managing dif-
ferent forms of organising and personal and profes-
sional interests can also present challenges [51]. For
example, a particular route may be best for the collab-
oration in the long-term, but in the short term it may
impact one partner negatively. Similarly, an individual
may wish to continue to invest in a course of action
due to personal responsibility or self-imposed pres-
sure, whilst it may not be in the interest of their par-
ent organisation [32]. Finding the right balance
between involvement and separation or dependence
and autonomy can be yet another difficulty [55]. As
this role is demanding, it is important that partners
ensure they select the right candidate with appropri-
ate levels of experience and skill sets. Individuals can
also be developed through postgraduate education,
secondments, mentoring and job rotation [51],
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although personal attributes and traits are likely to
influence the manner in which a boundary spanner
undertakes the role. Thus, careful selection and recruit-
ment is potentially more important than training [51].

The role of champion is also important within col-
laborative innovation. Champions are individuals who
aggressively pursue ideas and make important contri-
butions by persevering and overcoming barriers to
enthusiastically promote an idea through organisa-
tional stages [57]. In overcoming these barriers it is
likely that a Champion will be able to draw collabora-
tors closer together and reduce organisational gaps
due to differing knowledge and expertise, working
practices, processes, outines and even habits and val-
ues. These individuals are often critical to innovation
and without them many new innovations would never
progress [57]. Who plays the role of champion appears
to differ between collaborations. Some suggest that it
is the individuals who created the partnership [32,58],
whilst others advise that managers with strong net-
works should take up the position [32], or that a
boundary spanner adopts the role [52,56]. Arguably,
all three of these positions could be held by a single
individual. In any case, volunteer champions are
viewed as the most effective, likely because the pas-
sion and drive behind a project cannot be consigned
[32]. Within MedTech collaborations the champion
may reside within any of the partnering organisa-
tions—a clinician with an idea that would improve
his/her practice, an academic wanting to develop an
application for their latest science, or an individual
within industry who sees a gap in the market. It could
also be someone sitting at the intersection of these
networks who sees potential for collaboration, or even
a patient’s family or family friend, driven by first-hand
experience to find a solution to an unmet need.

Champions are engaged in two basic activities:
adopting an innovation during its development, and
contributing to the development of that innovation by
selling the idea to others and gaining resources [59].
To this effect, they commonly display four behaviours:
pursuing innovative ideas; network building; persisting
under adversity; and taking responsibility for the idea
[57]. Champions are often independent in their mis-
sion; yet, they bring together teams and actively
bridge the innovation subsystems to the larger organ-
isation and external partners [57]. These networks pro-
vide the champion with the vital resources and
expertise to translate the idea into a successful innov-
ation thus fulfilling the role of the champion in driving
the innovation into a tangible and successful product
[60,61]. Albeit enthusiastic to the cause, champions

must maintain rapport with critical individuals (particu-
larly senior managers) and also be open to, and
encourage, contributions from others—by withholding
total responsibility they may discourage colleagues
from engaging and contributing [57].

This ability to engage others is essential to collabor-
ation success, as it takes a whole team, working across
all partnering organisations, to drive an innovation for-
wards. Whether a team works together effectively is
influenced considerably by several relational drivers.

4. Core relational drivers

Boundary spanners, champions and intermediaries
develop relationships within and across partnering
organisations. At the very core of these relationships
lie a variety of relational drivers, including trust, com-
mitment, shared vision/goals, communication and
prior relations between partners [36,62,63]. Not only
do relational drivers influence the relationship, but
they have also been found to influence collaborative
outcomes [29,31,34,64]. Furthermore, these relational
drivers help to develop social proximity, which can
connect partnering organisations whilst other forms of
proximity are strengthened, such as shared processes,
values and mutual understanding [20].

Trust between collaborative partners is recognised
as key to collaboration success [29] and is one of the
main measures cited for strengthening collaborations
between hospitals and external partners [2]. It is crit-
ical in building and maintaining organisational collab-
orations as it reduces both orientation and transaction
related barriers in what can be an uncertain and risky
venture [9,36,65]. Where trust exists, partners are more
likely to respect one another and empathise with each
other’s viewpoints, which can help to manage chal-
lenges once collaborations become established
[66,67]. It can be built in a variety of ways, either
through a “third party guarantor” (e.g., a known inter-
mediary or contact who can vouch for another part-
ner’s credibility [68,69]) or via continued interaction—
starting with low risk transactions and gradually pro-
gressing to more major transactions over time as part-
ners prove their trustworthiness [37]. As trust is largely
developed through face-to-face dialogue [15], the pro-
cess may take longer or require additional effort in
the wake of the COVID-19 pandemic when interac-
tions have largely become remote. Furthermore,
where partners are committed and trusting they are
sometimes willing to endure periods where they
receive fewer outcomes. Collaborations may not
always deliver equal results for partners in the short

JOURNAL OF MEDICAL ENGINEERING & TECHNOLOGY 487



term, but the longer-term goals of each partner
should always be considered. Where there is greater
uncertainty, e.g., in the market or wider economy,
trust becomes particularly important [34]. Where trust
is lacking partners can often hold back information or
take unfair advantage of each other given the oppor-
tunity, meaning a collaboration will rarely produce all
the possible mutual benefits [12].

Commitment is often twinned with trust, and is
seen as central to success in interorganisational collab-
orations as it emphasises a desire to maintain the rela-
tionship and its evolution [29,34,36,64]. Committed
partners are more likely to resist attractive short-term
alternatives and balance short-term problems against
long-term plans and benefits, understanding the need
to work through any issues [12,66,70,71]. The develop-
ment of commitment within a collaboration involves
signalling between partners and the interpretation
and reaction to those signals [12]. Shared decision-
making is often used to signify a commitment to the
relationship [72]; yet, other signals could have similar
results such as financial investment or openness, e.g.,
sharing commercially sensitive information. Within
hospitals, the ability to share information is much
more complex as patient data is highly protected. In
this case, it may be a clinician’s resolve to provide
data that actually highlights their commitment to the
project more so than the willingness to share the
data. Nonetheless, such means of signalling and a will-
ingness to be open is directly connected with
communication.

Communication is a consistent predictor of success
across all phases of a collaboration [31].
Communication enhances the success of collabora-
tions, as it can help individuals to form shared mean-
ings and relationships and enables the exchange of
information, ideas and concepts [29]. It can also influ-
ence trust [71]. Due to the many differences between
partnering organisations, communication can be chal-
lenging [73]. For example, in terms of exchanging
information, due to highly complex administrative
processes within hospitals, the information needed for
innovation is not readily available across hospitals and
to external stakeholders [2]. As a result, communica-
tion [information] gaps are cited as one of the main
obstacles to healthcare innovation. Having access to
the right people and a means to accelerate processes
is often challenging yet can be helpful in this endeav-
our. Nonetheless, communication is not just about
sharing practical information, it is also about the lan-
guage used, such as specialist terminology and jargon
or understanding the context of communications.

Boundary spanners and other intermediaries, such as
Medilink and the NIHR MICs referenced earlier, can
help to improve these aspects of communication
between partners by “translating” [21]. Investing in
cross-cultural training for employees can be another
means of improving communication—for example,
enabling partners to spend a few hours or a day in
the workplace of the clinical/industry/academic part-
ner, enabling them to better understand the context
each partner is operating within. Alternatively, encour-
aging ongoing engagement by complementing fre-
quent scheduled meetings with general accessibility
for spontaneous exchanges [12,31]. As repeated con-
tact and communication strengthens personal relation-
ships (particularly informal contact), this can lead to
mutual understanding, greater levels of trust and
some of the barriers being overcome [64,74]. In this
sense, some relational drivers catalyse the develop-
ment of others.

Developing shared goals is another relational driver
and involves partners harmonising their differing
expectations [73]. In doing so, they are able to reduce
the potential for misunderstandings and conflict and
set manageable project boundaries [36,75]. In order to
do this, partners need to have a good understanding
of the interests and motivations of all partners, high-
lighting the need for effective communication, trans-
parency and mutual trust in order for partners to be
open and honest about their aims and objectives
[9,36]. A recent study looking into the lessons learned
during the set-up and management of medical device
design and manufacture during the COVID-19 ventila-
tor emergency highlights the importance of a single,
easily understood and compelling objective [15].
Despite the extremely challenging backdrop, lack of
face-to-face communications, barriers to information
sharing and an inability to immerse themselves in
each others’ cultures, the collaborative teams were
able to rapidly and successfully develop new medical
devices [15]. The study found that where there is a
sufficient and focussed motivation, employees can
overcome potentially constraining factors, stimulated
by the strong common goal [15]. Obviously, the
national imperative made it far easier to override the
more common commercial selfish behaviours, but the
situation goes to show what can be achieved where
partners are fully committed to achieving a
shared goal.

In order to foster the various relational drivers
those working at the interface of a collaboration must
display a range of behaviours. This is important as an
individual’s relationship skills are generally difficult to
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observe directly; yet, the resulting behaviour (what
they do) is more observable, and thus act as signals to
other partners.

5. Behavioural factors

“Relational behaviour” refers to the actions taken to
promote, create and shape positive relationships
between collaborators [76,77]. These behaviours are a
display of individuals’ relational capabilities, including
personal qualities, communication skills, behavioural
skills (e.g., team working) and broader management
skills. To achieve this, these individuals need certain
relational capabilities such as being frank, honest,
available, adaptable, likeable, fair, proactive, tolerant,
compassionate, benevolent, [77–82] and “ecocentric”—
someone who cares about the needs of a collabora-
tive ecosystem, not solely one aspect [52].

Additionally, there is also need for team members
to be open to engaging with areas beyond their trad-
itional “work boundaries.” Professional identities (i.e.,
what individuals see as their role in the work environ-
ment) and work boundaries (boundaries used to gain
legitimacy and distinguish between experts from dif-
ferent disciplines or from lay people) influence how
open individuals are to input from people outside of
their organisation [83,84]. A study examining NASA
R&D professionals’ response to Open Innovation found
that those who were less open saw themselves as
problem solvers, whereas those who saw themselves
as an integrator of information (a “solution seeker”)
were more welcoming of input from outside of their
organisation. Whether partners view themselves as
independent problem solvers or are open to contribu-
tions from those beyond their “work boundaries” (e.g.,
industry, academia or healthcare) will likely influence
the collaborative relationship and its outcomes.
Ensuring that individuals working across the organisa-
tional boundaries are open in this manner would
therefore appear important.

6. Individual characteristics

The characteristics and traits of individuals can also
influence collaborative relationships. Individuals’ man-
aging collaborations should be adept at building sus-
tainable relationships (diplomatic, resolving conflict
and building trust), managing through influencing and
negotiation, managing complexities and interdepen-
dencies and managing different roles, accountabilities
and motivations [55]. Importantly, technical knowledge
specific to the collaboration is second to these

personal skills, suggesting that individuals’ characteris-
tics are more important than understanding the tech-
nical aspects for these roles [85]. For those based in
industry, research suggests that these individuals
should also be a leader who is able to lobby ideas at
management and operational levels and display an
ability to manage interdisciplinarian and heteroge-
neous teams [52]. They should also be able to think
laterally and vertically to enable creative thinking—
necessary for combining scientific/technical knowledge
with knowledge of the industry, the market, the uni-
versity structure and decision-making processes. In
MedTech developments, this characteristic is likely
even more important considering the additional
dimensions related to user centrality, clinical adoption
and regulatory frameworks. Furthermore, they require
“cognitive acumen” to compensate for short-comings
in their experience (through intensive learning or ask-
ing advice) as the dual-environment work experience
needed would rarely be found in one person [52].
Whether these roles are replicated in university and
clinical partners is yet to be established. Things could
potentially differ on the need for cognitive acumen for
example, as many clinicians have teaching and/or
research roles linked with a university, providing them
with some dual environment work experience.
Similarly, in the US, it is common for scientists to
move between academic and commercial pursuits
[14], again providing them with dual environment
work experience. Nonetheless, the ability to form
effective relationships does not rest solely on the
shoulders of an individual. It is how key individuals
come together and the blend of their various behav-
iours and characteristics.

7. Team level factors

The composition of a team (configuration of member
attributes) can have a powerful influence on team
processes and outcomes [86]. Team composition can
be considered on two planes. There are surface level
composition variables, which refer to overt demo-
graphic characteristics, such as age, race, educational
level and organisational tenure [86]. Deep level com-
position variables refer to underlying psychological
characteristics such as personality factors, values and
attitudes [86]. Interestingly, surface level variables
have failed to demonstrate a relationship between
demographic heterogeneity and team performance
[86]. This appears to support the notion of proximities,
i.e., that homogeneity or similarity between partners is
perhaps more conducive to collaboration performance,
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rather than heterogeneity [17]. Similarly, the homo-
genous demographics of group members (at least at
the surface level) are likely to create less conflict,
fewer differences in opinion, freer communication and
more interaction [87]. However, heterogeneous groups
are more likely to be productive where complex tasks
require creative efforts [87], which is likely the case
within collaborative innovation. Thus, there is likely a
tension, or trade off, between the need for homogen-
eity to drive proximity and the value of heterogeneity
to drive innovation. In the MedTech sector where
teams have increasingly diverse technical specialisms
we are yet to identify whether individuals are similar
in core characteristics. Perhaps deep level composition
variables provide the key factor that enables the inter-
organisational team to function, or perhaps shared
goals are sufficient. Nonetheless, Trait Theory suggests
that generally teams should be composed of conscien-
tious individuals with high agreeableness, “general
mental ability” and openness to experience as these
traits are positively related to team performance [86].

Though similarity in certain characteristics and traits
appear favourable, diversity in individuals’ motivation
types may be beneficial for innovation. One study sug-
gests that a combination of those who are driven to
explore and seek knowledge are complemented by
those who want to apply knowledge and derive exter-
nal recognition or reward—pushing the collective
efforts towards successful completion [88]. The stereo-
types of academics and industry professionals could
arguably fit into the two roles respectively—academics
seeking new understanding whilst industry seeks com-
mercial gain. Though this has not been explored
within the MedTech context it is plausible that clini-
cians add a third valuable motivation—a desire to
help patients. Thus, whereas the stereotypical aca-
demic may wish to explore, and industry partners
wish to reap rewards, the clinician’s role is perhaps
ensuring that the end product meets users’ needs and
delivers benefits to patients. In situations such as this
where partners have diverse motivation types, it will
likely be even more important to ensure they develop
shared goals to unify their interests.

Though team composition is thus a core compo-
nent for success, this is not to suggest that the team
should be static. Beyond a few core individuals, other
employees should be brought into the collaboration
only when appropriate to the project [89]. This results
in flexible and effective use of resources with a variety
of perspectives, knowledge and experience being
applied to the collaboration at key project milestones.
Leaders should mobilise different, often new

participants across phases and encourage others to
involve new participants too [89]. Having some stable
roles to facilitate and coordinate is important however
[89]. These individuals are required to recruit and
instruct employees as the process of innovation
unfolds and ensure that those recruited fit with the
demands of that particular phase [89].

Beyond mobilising different team members, there is
also a need for coordination and leadership.

Research has shown that team coordination
enhances team performance and innovation [88].
Coordination is broadly understood as the linking,
meshing, synchronisation or alignment of actions
[90,91]. A lack of coordination amongst participants is
one of the main problems in unsuccessful projects
[63]. In strategic collaborations, this is often due to
the excessive effort required to coordinate and
integrate two independent organisations [92].
Coordination failures can take the form of omissions
of crucial activities, misallocation of resources and
incompatibility of activities intended to be comple-
mentary, leading to uncertainty over the teams’ tasks
and division of labour [93]. Co-ordination failures can
cause inefficiencies and delays [94], and may prevent
teams and partners from attaining specific collabora-
tive goals [95]. They can also lead team members to
doubt the feasibility of the collaboration, which in
turn, may work to undermine their commitment and
even trust levels. On the other hand, effective coordin-
ation can enable partners to reconcile differences in
areas such as decision making, objectives, participants
and established processes [89]. For example, clearly
defined objectives in the formal contract of the collab-
oration can achieve immediate strategic alignment
between partners or offer contingency plans for cop-
ing with environmental volatility [66].

Interpersonal relationships should be central to
effective team co-ordination within MedTech collabo-
rations. Although formal co-ordination mechanisms
(e.g., contracts, plans) will be used in most collabora-
tions, many collaborations function through informal
co-ordination as well, or what is termed “relational co-
ordination.” Relational co-ordination can be defined as
the management of task interdependencies within the
context of relationships with other group members
[96]. While it requires further research, relational co-
ordination likely constitutes an essential process within
MedTech collaborations. For example, relational co-
ordination should enhance problem-solving, mutual
respect, shared goals and shared knowledge among
team members. Indeed, relational co-ordination pro-
vides channels for information exchange among
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members [97], which can increase the opportunities
for knowledge transfer—formal systems are often not
appropriate for sharing complex knowledge [98].
While formal systems of co-ordination, such as plan-
ning and standards, allow the sharing of easily trans-
ferrable knowledge, relational co-ordination is more
suitable for intense sharing of complex knowledge,
which MedTech collaboration often involves.

In addition to the different types of coordination
(formal and relational), the amount of coordination
needed may also change during a collaboration. For
example, in the context of innovation, research sug-
gests that coordination should be achieved without
constraining innovation with too much structure
[89,99], as this may impact upon innovation outcomes.
In this setting, formal coordination becomes more
important as the innovation process draws closer to
the commercialisation phase [88]. In contrast, during
the earlier phase of generating ideas, looser coordin-
ation is more effective to give innovators the freedom
to generate ideas at their own discretion [88]. However,
when discussing interorganisational collaboration, it
may be that the need for formal coordination is greater
in the earlier stages, for example, when establishing
trust and boundaries (via agreements over data sharing,
IP and revenue share following commercialisation). In
light of this, it may be that within the context of collab-
orative innovation there are two separate yet inter-
linked planes requiring different approaches to
coordination—one regarding the collaboration, and
one regarding the innovation process. In consideration
of this, flexible and adaptable leadership is recom-
mended—using different approaches for the different
facets and stages of the collaboration.

Alongside coordination, rotating the leadership role
between partners may also lead to much better col-
laboration performance than using a dominating or
consensus approach to decision-making [89,100].
Leaders influence innovation—they decide which ave-
nues to pursue, how to allocate resources and impart
their knowledge to assist innovation processes [101].
“Rotating leadership” involves three components—
alternating decision control (planned and unplanned)
between partners—this facilitates access to their com-
plementary capabilities; zig-zagging objectives—by
enabling partners to pursue their own objectives
when they are leading a phase, it continually provides
new perspectives and leads to broad and deep search
trajectories; and mobilising diverse participants over
time [89]. Within MedTech development, it may be
that one partner leads during different phases of the
project, for example, the clinician leads during the

elicitation of clinical requirements and end-user needs,
and later clinical evaluation; the academic partner
leads during the conceptualisation and development
phase; and the industry partner takes the lead during
the commercialisation phase. Input from all partners
during each phase is still required, but leadership and
decision-making may lean towards a certain partner.
Within the COVID ventilator emergency study, a simi-
lar approach is described, devolving leadership and
empowering employees [15]. Here, decision making
was not top-down, but placed at the point of
“greatest knowledge” [15]. Though leadership is essen-
tial for providing direction, other controls are also
required to ensure partners progress in the
same direction.

Using formal and relational controls can help to
steer partners away from the potentially ill effects of
their divergent interests or non-alignment across col-
laborative activities [78]. Formal controls can include
setting joint targets, operational reviews, information
systems, evaluating achievements, feedback mecha-
nisms and follow-up meetings [78,102]. However, part-
ners will not achieve effective control by purely
implementing this type of control mechanism [103].
Additionally, formal control measures can be inflexible
and thus unable to cope with the changing environ-
ment and needs of partners [102]. Furthermore, where
there is excessive use of formal control measures this
can foster an atmosphere of distrust between partners
and increase the likelihood of conflict [102,104].
Relational controls are therefore also needed, referring
to the extent to which exchanges are governed by
social relations, informal structures, and self-enforce-
ment [78,102,105]. Trust and relational norms (e.g.,
flexibility, solidarity and information exchange) are the
two main relational control mechanisms [78,106,107].
Although a foundational level of trust and relational
norms may exist based on reputation or past experi-
ence, relational controls are generally built step-by-
step during repeated exchanges [78]. This is unlike for-
mal mechanisms, which are more actively created—
through selection, design or implementation [78].
Relational controls are said to be particularly valuable
in collaborations that have narrow scope (where there
are fewer overlapping activities), though formal con-
trols can be more beneficial for broader and more
complex collaborations [78].

8. Contextual factors

The circumstances and environment in which a collab-
oration builds and operates can influence the
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relationship and also moderate the effects of relational
factors on collaboration performance [34].
Organisational culture, processes, atmosphere and
availability of resources all play a role in facilitating
and shaping interorganisational relationships
[37,108,109]. For example, SMEs often have greater
reliance on personal networks and may be more
opposed to longer academic timescales [52], meaning
that partners’ behaviours need to acknowledge and
support this, perhaps by trying to speed up processes
or offering more frequent updates to allay fears of
delays/lack of progress. At the level of international
joint ventures, the structure/organisational architecture
(i.e., equity ownership and management control) can
also shape partner relations [66,102,104,107,110–112].

Additionally, the discipline or sector can influence
relationships. For instance, some may require different
types and frequency of interaction between collabora-
tors [108]. Within MedTech development, it may be
that academics or industry partners need to work
around the clinical partner’s commitments as patient
care may be prioritised over medtech collaboration
and development activities. Additionally, other sector-
related matters may influence the relationship, such as
the considerable regulation within the MedTech sec-
tor. In paediatric MedTech development, there are
additional challenges to address as technology devel-
opment has to be versatile to support changes in
anatomy and physiology through growth and devel-
opment, paediatric-specific regulations, child safe-
guarding and a shift from parental use (with their
children) to more independent use later by adoles-
cents (Dimitri et al, 2021). Each of these considerations
not only affect the technology being developed, but
also how the relationship between collaborators must
adapt and accommodate these sector-specific require-
ments, for example, greater communication to share
knowledge of regulatory requirements or user needs.
Though the environment in which MedTech develop-
ment takes place may be challenging, where the right
individuals work together effectively they are more
likely to find a way to succeed.

9. Conclusion

In the MedTech sector where collaborative innovation
is complex due to a greater number of partners and a
range of disciplines and professions involved, finding
ways to encourage effective working across organisa-
tions can be challenging. Nonetheless, there are many
examples of successful collaborations developing a
range of innovative new products, such as non-

invasive customised ventilation masks for children
[113]; neonatal heartrate monitors [114]; and novel
diagnostic equipment for early detection of cancers
[115]. Drawing upon literature within the social scien-
ces provides an opportunity to better understand the
dynamics of this type of interorganisational working,
and importantly, the elements that can be actively
facilitated to enhance success.

Studies suggest that collaborations are driven by
interpersonal relationships and so it is argued that
investing in these relationships is key to success.
Relationships are influenced by a range of factors
across five levels: Relational drivers; Behavioural fac-
tors; Individuals’ characteristics; Team level factors;
and Contextual factors. Within each of these dimen-
sions certain elements can be leveraged, fostered or
mobilised to enhance collaborative working.

More specifically, fostering the relational drivers of
trust, commitment, communication and shared goals
can help to strengthen relationships. These are
encouraged by partners being open, honest, and sig-
nalling their commitment to the collaboration. Finding
the right balance between formal and relational con-
trols (e.g., social norms) can also help to shepherd
partners in the right direction—enabling adaptability,
reducing costs and promoting trust.

Certain individuals can play a particularly important
role, such as employing “boundary spanners” or exter-
nal intermediaries to broker relationships, open up
communications and balance partners’ needs. In the
last decade, the NHS has invested in organisational
development to support this through the creation of
the NIHR MICs [39], NHSX [116] and the Academic
Health Science Network [41]. Equally, empowering a
“champion” capable of bringing the necessary parties
together to support MedTech development, can see
the collaboration enthusiastically promoted, adversity
overcome and the project propelled forward to com-
pletion. Perhaps more so than training and develop-
ment, selecting individuals with the right traits and
characteristics appears necessary for them to effect-
ively bridge the diverse cultures and processes.

The wider composition of the team also needs careful
consideration, for example, balancing heterogeneity (to
foster idea generation) with the need for team cohesion.
Aiming for team members who are open to working
with others from outside of their traditional “work
boundaries”—and able to span the organisational boun-
daries—appears conducive for collaborative innovation.
Though the team should have a few core individuals,
others should only be mobilised when appropriate as
the project unfolds. Coordination of the team is also
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important—a mix of formal and informal coordination
that enables freedom for idea generation whilst also
driving the project towards commercialisation. Decision-
making is perhaps best rotated between collaborative
partners during the project, enabling depth and breadth
of involvement from partners and their varied resources.

10. Future research

Though the extant management literature provides
considerable understanding of interorganisational col-
laborations there are three identifiable gaps. First, few
scholars consider how collaboration differs across sec-
tors [3,78] and so empirical evidence is needed to
understand the nuances within the MedTech sector.
Second, though relationships are seen as vital, there is
limited understanding of the individuals that build
these relationships. Though we have a general appre-
ciation of those working at the interface between
partnering organisations, such as boundary spanners,
there is limited research into their characteristics, or
the impact they have on collaborative innovation,
such as organisational processes and outcomes. For
example, boundary spanners are central to interorga-
nisational collaborations, thus future research should
seek to understand the individual traits enabling such
individuals to perform this role. Third, the overwhelm-
ing focus to date has been on dyadic relationships
between two partners leaving many questions about
how things differ where there are more than two part-
ners involved. As collaborations with more than two
partners are said to be more challenging, future
research should explore the various dimensions within
tripartite collaborations particularly those relating to
collaborations between universities, industry and the
health sector to drive MedTech development.
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