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According to literature on teams and group learning it is important for heterogeneous teams to share knowledge,
through the use of different forms of interaction. However, little is known about how different forms of
interaction influence knowledge sharing and secure progress during innovation processes. In order to achieve
an increased understanding, literature concerning teams and group learning are integrated within a case study
of Public–Private-Innovation partnerships (PPI). Specifically, the distinction between different forms of
interaction, such as collaboration and cooperation is used to clarify how knowledge sharing and progress are
influenced during innovation processes. Three PPI projects have been chosen due to the particularly challenging
nature of their composition; consisting of heterogeneousmembers from both the public and private sectors with
dissimilar logics. Overall, our findings point out that 1) those heterogeneous teams that are able to continually
integrate their team members' heterogeneous knowledge through a balanced use of collaborative and
cooperative interaction forms seem to secure progress during the innovation process, and that 2) those
heterogeneous teams that are able to continually re-establish a shared knowledge base, when it has been
challenged by a critical incident, seem able to achieve progress during innovation processes.

© 2013 Elsevier Inc. All rights reserved.
1. Introduction

Firms increasingly recognise the importance of developing and
managing relationships with external partners in the value producing
system (Wilkinson & Young, 2002). The literature concerned with
how heterogeneous teams perform, indicates the particular importance
of sharing knowledge and creating a shared knowledge base, if the
innovation process taking place between heterogeneous teammembers
is to be efficient (Marin-Garcia & Zarate-Martinez, 2007; Sapsed,
Bessant, Partington, Tranfield, & Young, 2002). However, the literature
seems unconcerned with which forms of interaction heterogeneous
teams can use to share and integrate knowledge to enable innovation
processes. Group learning theory distinguishes between cooperation
and collaboration which are two different forms of interaction. Where
collaboration refers to strong linkages and high level of trust and
knowledge sharing between team members, cooperation refers to
transferring of knowledge among team members (Keast, Brown, &
Mandell, 2007; Roschelle & Teasley, 1995). The collaborative form of
interaction is necessary if heterogeneous teams are to share knowledge,
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and using the cooperative form of interaction is necessary if hetero-
geneous teams are to secure progress during innovation processes.
The aim of this paper is to achieve a better understanding of how very
heterogeneous teams, share knowledge and secure progress during
the innovation process through the use of these different interaction
forms.

Very heterogeneous teams are considered in the context of Public–
Private-Innovation partnerships (PPI). This refers to a setting in which
public and private players work together to develop innovative solu-
tions targeting the public sector (Dittmer, Christiansen, & Kierkegaard,
2008, p. 241). The players are considered to be development partners
aiming to innovate through a continuous transfer of ideas and
knowledge between the players involved (Weihe et al., 2011). This
context has been selected because on the one hand it is an increasingly
widespread phenomenon and on the other hand it represents a
situation where there is profound heterogeneity within the teams and
therefore challenges in how knowledge is shared and how progress
during innovation processes is made noticeable. PPIs are considered to
be heterogeneous as the team consists of public and private actors
with very different values and objectives (Currie, Humphreys,
Ucbasaran, & McManus, 2008; Drejer & Jørgensen, 2005; Hartley,
2005; Schmidt, 2008; Van der Wal, de Graaf, & Lasthuisen, 2008).
These sectorial differences are demanding to manage within PPI teams
because the heterogeneous actors have to define problems and explore
solutions jointly, which requires knowledge sharing and integration,
ogeneous teams through collaboration and cooperation: Exemplified
agement (2014), http://dx.doi.org/10.1016/j.indmarman.2013.12.015
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and requires the ability to secure progress. However,what is still lacking
in the sparse PPI literature is knowledge about how these challenges can
be managed in order for knowledge sharing to take place and secure
progress.

The research question is: How do heterogeneous teams share
knowledge and secure progress during innovation processes through the
use of the different interactions forms collaboration and cooperation?

When investigating the above question, a process approach to inno-
vation is emphasised, focusing on how heterogeneous teams share
knowledge and make progress. To capture this we focus on meetings
where critical incidents (potentially) take place. During critical inci-
dents (which we define as interactions where important changes are
occurring and are being addressed) knowledge sharing and progress
are particularly challenging. This leads to a focus not on thewhole inno-
vation process, but on those parts where knowhow accumulation and
learning that address change are taking place (Nielsen & Lundvall,
2003; Rothwell, 1994).

The paper is structured as follows. First, the theoretical section is
presented, which consists of reviews of the team literature and group
learning literature. Here, the question of how heterogeneous teams
can handle the innovation process by continuously creating a shared
knowledge base through the use of collaborative or cooperative forms
of interaction is discussed. Then the methodology is presented, and
three PPI cases in the hospital sector are introduced. Afterwards, we
present our results and discuss their implications. Finally, we conclude
with our findings and offer implications for theory and management.

2. Theoretical literature review

2.1. Sharing knowledge in heterogeneous teams

Teams are characterised as social entities composed of members
who must integrate, synthesise and share information and expertise
during a process in order to achieve shared common goals, and to con-
ceptualise, develop and commercialise innovative products (Salas,
Cooke, & Rosen, 2008, p. 541; Edmondson & Nembhard, 2009, p. 124).
In heterogeneous teams, the extent to which differences between the
team members need to be integrated in order to share knowledge is
often high. Integration of differences is the team members' ability to
incorporate the other team members' knowledge in order to create a
shared knowledge base during innovation processes (Sapsed et al.,
2002).

Heterogeneity within teams is argued to be a challenge because of
potential tensions and conflicts, but diversity also heightens team per-
formance because toomuch comfort and familiarity reduce productivity
(Edmondson & Nembhard, 2009, p. 124). Members of heterogeneous
teams bring in not only diverse knowledge and information, but also
different vocabularies and cognitive patterns (Drach-Zahavy & Somech,
2001, p. 114).

Knowledge sharing within heterogeneous teams is important in
order to manage the heterogeneity and to produce progress during
innovation processes. Knowledge sharing is necessary to integrate the
different disciplines, ideas, knowledge and information possessed by
the different team members and bring about (more) frequent commu-
nication (Cooke, Salas, Cannon-Bowers, & Stout, 2000; Edmondson &
Nembhard, 2009; Ratcheva, 2009, p. 210). This kind of knowledge shar-
ing is important because when very different knowledge bases among
team members are non-integrated, the innovation process is slowed
and complicated (Sapsed et al., 2002, p. 81). On the other hand, when
the individual team members' knowledge tends to be similar or over-
laps, team working is more efficient because a tacit understanding is
developed and shared and there is less need for explanations and
demonstration (Marin-Garcia & Zarate-Martinez, 2007, p. 283; Sapsed
et al., 2002, p. 81). Tacit knowledge requires team interaction/sharing
(Sapsed et al., 2002, p. 72) because unlike explicit knowledge, tacit
knowledge cannot be transferred across time and space independently
Please cite this article as: Nissen, H.A., et al., Knowledge sharing in heter
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of the team members' interactions. Instead, sharing tacit knowledge
requires close interaction and establishment of a shared understanding
among the team members (Lam, 2000, p. 490).

Tacit knowledge sharing occurs through the sharing of team mem-
bers' mental models. This involves team members assessing mutual
expectations that allow them to coordinate and make predictions
about the behaviour and needs of their teammates (Cooke et al., 2000,
p. 152). The establishment of a shared knowledge base both facilitates
a team's achievement of a collective understanding of a specific situa-
tion and their coordinated change as the situation itself changes
(Cooke et al., 2000). When this type of knowledge sharing succeeds, it
provides a collective understanding and a shared knowledge base for
team members to draw upon when task episodes arise (Cooke et al.,
2000, p. 153).

However, there is also a point at which too much overlapping of
knowledge can reduce team performance (Cooke et al., 2000, p. 156).
In its extreme form, shared knowledge can be considered as ‘group-
think’ and this makes it more difficult to make decisions due to pres-
sures within the group to maintain conformity (Cooke et al., 2000, p.
156). Thus, the literature suggests that instead, team members should
possess different but complementary knowledge in addition to shared
knowledge (Cooke et al., 2000, p. 156).

To enhance team performance during the innovation process, het-
erogeneity needs to be dealt with through interaction, but without dis-
solving the distinction between the heterogeneous knowledge bases
among the team members. This means that the ability to perform as a
team during the innovation process depends on the team members'
ability to hold both a common shared knowledge base that cuts across
teammembers and different complementary knowledge bases attached
to the tacit knowledge (mental-models) held by the individual. To char-
acterise teamperformance in the innovation process the team literature
makes a distinction between individual taskwork and teamwork
(LePine, Hanson, Borman, & Motowidlo, 2000; Lim & Klein, 2006;
Salas et al., 2008). Taskwork is defined as the components of a single
teammember's performance that do not require interdependent inter-
action with other team members, whereas teamwork is defined as the
interdependent components of performance which require interaction
and coordination of the performance of multiple team members (Salas
et al., 2008, p. 541). However, the team literature does not clarify how
to combine these different ways of performing during an innovation
process to secure progress and continuous knowledge sharing. In
order to explain how such combinations influence knowledge sharing
in heterogeneous teams, the insights of learning theory are needed
because it focuses on different interaction forms within groups.

2.2. Combining the collaborative and cooperative forms of interaction

The distinction between the processes of teamwork and taskwork is
very similar to the distinction between cooperation and collaboration.
Cooperation and collaboration can be viewed as two different forms of
interaction. Thus, collaboration and teamwork are similar because
they are both characterised by strong linkages and interdependency
between members of a group or a team. Researchers in innovation
have been particularly concerned with collaborative learning, since it
explains how interacting with others in groups makes the individual
master new approaches (Bruffee, 1995, p. 14; Dillenbourg, Baker,
Blaye, & O'Malley, 1996, p.1; Dois & Palmonari, 1984, p. 11). In contrast,
both cooperation and taskwork are characterised by group members or
teammembers being autonomous and independent during the innova-
tion process.

The distinctions are summarised in Table 1 in terms of cooperation
and collaboration and taskwork and teamwork. In practice they do not
necessarily occur solely in their pure forms (Bruffee, 1995) but rather
there is a continuum of the degree of interaction.

Cooperation is characterised by the division of labour and sharing or
transferring of information among actors in a group, where each one is
ogeneous teams through collaboration and cooperation: Exemplified
agement (2014), http://dx.doi.org/10.1016/j.indmarman.2013.12.015
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Table 1
Key dimensions of cooperation and collaboration.

Central dimensions Taskwork and cooperation Teamwork and collaboration

Distribution of tasks and responsibilities Separate assignments/distribution of tasks and delineation of responsibilities Joint problem solving/community and common tasks
Type of task Defined tasks More open tasks
Linkages between the team members
(degree of interactions, dialogue, etc.)

Weak linkages Strong linkages

Context Team members work in different contexts Team members work in a common context

3 To clarify what kind of a partnership PPI actually is, it will be distinguished from Public
Private Partnerships and Triple Helix Partnerships: Triple Helix Partnerships typically focus
on university–industry–government relations (Cantù, 2010, p. 887; Etzkowitz &
Leydesdorff, 2000, p. 109). PPI distinguishes itself from the TripleHelixModel since it does
not necessarily include universities. Instead PPIs often include public municipal and re-
gional organisations as representing the public actors. When it comes to Triple Helix Part-
nerships that are based ongenerating innovation, partnerships in theOECDcountries have
long been based on private firms and public research institutions in relation to technology
and product development (Lundvall, 2002, p. 145). Public Private Partnerships (PPPs) are
contractual partnerships between public and private actors, and governments have had
partnerships with the private sector for a long time (Greve & Hodge, 2005, p. 3). PPPs
are partnerships that are characterised by a typical contractual buyer–supplier relation-
ship without a particular focus on innovation. PPPs typically extend over a few decades,
and the main incentive for establishing a partnership is risk-sharing (Greve & Hodge,
2005, p. 4; Klijn & Teisman, 2003, p. 137; Roehrich & Caldwell, 2012, p. 13). Besides risk
sharing, there is also the prospect that the partnershipmay result in a new product or ser-
vice targeted at the public sector, which could not have been attained by the public or pri-
vate sector alone (Greve & Hodge, 2005, p. 4). This latter aspect of PPP ismuch in linewith
the prospects of PPI (Weihe et al., 2010, p. 11).

3H.A. Nissen et al. / Industrial Marketing Management xxx (2014) xxx–xxx
regarded as autonomous and independent from the others (Dillenbourg
et al., 1996, p. 2; Keast et al., 2007, p. 25; Roschelle & Teasley, 1995, p.
70). Cooperation is concerned with the coordination of tasks, which
also implies a clear positioning of responsibilities among the actors.

At the other end of the continuum, collaboration is characterised by
strong linkages depending on a high level of trust and dialogue among
several actors who are working together in order to resolve a task and
achieve a shared goal; but it also contains a high level of risk compared
with cooperation (Dillenbourg et al., 1996, p. 2; Keast et al., 2007, p. 19).
Unlike the case in cooperative relationships, the actors have a holistic
perspective because they see themselves as interdependent and recog-
nise that they need to work together across boundaries and between
sectors or organisations rather than separately (Keast et al., 2007, p.
25). Therefore, a collaborative process requires a high intensity of link-
ages between a diverse set of actors within a team, in order to develop
shared common goals and a better understanding of the project as a
whole. This is not an easy task, since collaboration in the face of differ-
ences is particularly difficult (Edmondson & Nembhard, 2009, p. 124).

Elements of both cooperation and collaboration are likely to be pres-
ent. For example collaboration may involve some spontaneous division
of labour (Dillenbourg et al., 1996). Changing circumstances and re-
quirements in a relationship between several actors means that a
changed mix of cooperation and collaboration may arise. Keast et al.
(2007) argue that adjustment and responding to changing situations
in a relationship entail “ramping-up” to collaboration or “scaling
down” to cooperation and that many hybrid-iterations can be devel-
oped (Keast et al., 2007, p. 26). The combination of cooperation and col-
laboration is identified as the actors' ability to be able to know what to
use at what time, depending on the nature of the issues to be dealt
with (Keast et al., 2007).

By distinguishing between cooperation and collaboration it is possi-
ble to identify how the mixing of the two forms of interaction can be
used to manage the challenges of sharing knowledge and ensuring
progress during innovation processes. Sharing tacit knowledge is espe-
cially important if a shared knowledge base is going to be achieved. The
sharing of tacit knowledge is related to collaboration because this re-
quires close interaction in order for the heterogeneous team members
to achieve an understanding of each other's vocabularies, views, etc.
On the other hand, the sharing of explicit knowledge is more related
to cooperation because this type of interaction does not require close in-
teraction between teammembers in order to share knowledge. Howev-
er, sharing of explicit knowledge related to the team members'
functional professions is important in order to benefit from the team
members' specific knowhow. The following case explores these two
forms of interaction and considers how it is possible to combine them,
so as to manage the challenge of creating a shared knowledge base in
a heterogeneous team that has innovation among its objectives.

3. Methodology: case study and participant observation

Three PPI projects have been chosen because of the particularly chal-
lenging nature of their composition; they consist of heterogeneous
members fromboth thepublic andprivate sectorswithdissimilar logics.
Organisations in the public sector are concerned with the general com-
munity and are collectively oriented (Bozeman & Bretschneider, 1994;
Perry & Rainey, 1988; Weintraub & Krishan, 1997). Furthermore
Please cite this article as: Nissen, H.A., et al., Knowledge sharing in heter
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governments aim to foster innovations in order to achieve regional de-
velopment and foster business opportunities to create economic growth
(Lundberg & Andresen, 2012, p. 430). Organisations from the private
sector are concerned with more individual matters focusing on the in-
terest and aims of single firms (Perry & Rainey, 1988, p. 193). As a result,
when public and private players work together in PPI, diversity in view-
points and goals are in play.

The three projects' processes are explored to ascertain how, despite
team members' different logics, values and aims, are managed. The
three PPI cases were selected based on three criteria: 1) The PPIs
could be followed from their inception and during their innovation pro-
cesses. 2) The PPIs should, from their inception, include public and pri-
vate members to ensure that diverse teams were being investigated. 3)
The team members of PPIs are purely developmental partners during
the innovation process.3

A qualitative research strategy and case study methodology was
chosen (Maaløe, 1996; Yin, 2003). This approach is recommended
when issues are complex and in cases where alternating between the
empirical field and different theoretical frameworks can be useful for
generating additional insights (Orton, 1997; Yin, 2003). Specifically,
empirical data were gathered based on participant observation
(Dewalt & Dewalt, 2002). Participant observation made it possible to
gather data that indicate how central parts of the innovation process un-
fold over time. A unique timeline could thus be constructed for each of
the three cases. Throughout the observations, we recorded detailed de-
scriptions of meetings and incidents that constituted (potential) change
in knowledge sharing activities and forms of interaction. This kind of
process study attempts to identify situations that (potentially) create a
particular twist or turn in a case, and to capture the flow of incidents
in a narrative that explains the development in a case over time
(Poole, Van de Ven, Dooley, & Holmes, 2000).

To guide our participant observationswe, in part, used a critical inci-
dent technique (Burns, Williams, & Maxham, 2000; Roos, 2002). This
technique can be described as an observed incident involving human
activity or behaviour, which contributes to the success or failure of
some activity or phenomenon (Burns et al., 2000). The critical incident
technique has enabled us to identify 1) occurrences and recurrences
of knowledge sharing during the innovation process, and the related
challenges between public and private team members, 2) how PPI
ogeneous teams through collaboration and cooperation: Exemplified
agement (2014), http://dx.doi.org/10.1016/j.indmarman.2013.12.015
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members have reacted during the critical incidents, 3) actions taken by
PPImembers during the critical incidents and 4) changes (if any) in how
the PPI members have acted afterwards. This framework made it possi-
ble to identify which forms of interaction seem to secure knowledge
sharing and progress during the innovation process. Ethnographic
observation took the form of one or two researchers attending every
meeting of teamsmaking it possible to take part in their activities, inter-
actions and on a continuing basis for 1½ years.

To conduct the empirical analysis a hands-on grid analysis (Gordon,
1969; Stephens & Gammack, 1994; Basit, 2003) was developed. Grid
analysis is used for data condensation or data distillation (Basit, 2003)
and allows the researchers to categorise empirical data based on
predetermined themes inspired by theory (e.g. a provisional start list
recommended by Miles & Huberman, 1994) as well as exploring for
new theoretical themes grounded in the empirical data. The themes in
the grid analysis were extracted from the PPI literature, team literature
and group learning literature concerning tensions and how knowledge
is shared through different forms of interaction. This analysis identified
an important point: sharing and integrating knowledge through the use
of different interaction forms is a continuous negotiation process.
3.1. Three PPI cases from the hospital sector

In the following, three cases of heterogeneous teams containing
public and private members are presented. The project, which ran
from 1 January 2010 until 31 December 2012, focused on central sterile
departments in hospitals. Each team is responsible for a subproject that
was part of an overall project concerned with a fully automatic central
sterile department and procedure pack. The aim was to develop and
produce relevant tools and design elements, including procedures for
design and innovative procedures for the health sector — specifically,
automating central sterile departments with the focus on future engi-
neeringmethods and techniques. The PPI projectwas expected to result
in increased efficiency and less attrition of personnel. It also sought to
improve bacterial control in the process of re-handling instruments.

In the beginning of the project, all the members participated in
workshops, visited central sterile departments and attended a consul-
tant presentation focusing on the processes in central sterile depart-
ments. These collective activities resulted in the identification of
different themes for subprojects. At a joint meeting in November
2010, the project members chose which subproject they wanted to be
part of. An overall project management team controlled and supported
the subprojects through two to three joint meetings held yearly during
Table 2
Overview of the three PPI cases.

Aim T

Case 1 aimed to develop an autoclavable case cart for central sterile departments in
hospitals. The public and private members were part of the subproject for an equal
length of time. The result of the process has been the development of a prototype trolley
that was tested in one of the private members' firm and at a Danish hospital.

C
P
s
P
s
1
p

Case 2 aimed to improve the overall processes in central sterile departments in hospitals.
The public and private memberswere part of the subproject for an equal length of time.
The result of the process has been the development of a report that shows scenarios of
the overall flow of surgical instruments in a central sterile department.

C
P
c
(
P
a
te

Case 3 aimed to develop an automatic system for identification and registration of surgical
instruments. The public and private members were part of the subproject for an equal
length of time. The result of the process nearly caused the project to shut down.

C
P
1
P
w
b
in
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the project period. At these joint meetings, exchange of experiences
took place between the teams. The three subprojects are, for the sake
of simplicity, referred to as Case 1, Case 2 and Case 3. An overview and
differentiation of the cases are presented in Table 2.
4. Case study analysis

The following analysis identifies how PPIs use different forms of in-
teraction to share knowledge, create a shared knowledge base and
secure progress during innovation processes. To get an overview of
the innovation process in each of the three cases, a timeline, including
different types of meetings and critical incidents, is presented —

facilitating the understanding of sharing knowledge as an emerging
process.

Two types of meetings were held, both were typically one-day-
meetings: 1) jointmeetingswhere all the teamswere gathered together
and, 2) sub-project meetings where onlymembers of a single team par-
ticipated. The jointmeetingswere facilitated by the overall projectman-
agement group, whereas members of the sub-projects organised the
sub-project meetings. The overall goal of the joint meetings was to cre-
ate knowledge sharing between the teams and to facilitate feedback
from other teams on the latest sub-project results, and to inspire and
create progress in the teams. The overall goal of the sub-project meet-
ings was for the team members to engage in the process of developing
specific, innovative solutions for central sterile departments.

For each of the cases critical incidents,which created some change in
knowledge sharing activities during the innovation process, are identi-
fied. Furthermore, each timeline includes an illustration of the evolution
and relative amounts of the collaborative and cooperative forms of in-
teraction. After each timeline, a further description explains the flow
of meetings and incidents as they developed in the case over the
1½ year period.
4.1. Case 1

In Case 1, a fairly balanced combination of cooperation and collabo-
ration was initially established in order to share knowledge, create a
shared knowledge base and secure progress during the innovation
process. The team's ability to create a shared knowledge base by
balancing collaborative and cooperative interaction formswashowever,
severely challenged by three critical incidents, as indicated in Fig. 1. (See
Figs. 2 and 3.)
ypes of members

ase 1 consists of two public and four private members:
ublic members: 1 manager of a central sterile department. 1 charge nurse in a central
terile department in another hospital.
rivate members: 1 self-employed consultant with a professional background in central
terile departments (project leader). 1 owner of a private firm in the aluminium industry.
business developer froman aluminiumknowledge network. 1 Head of Development in a
rivate firm within the industrial machine-wash industry.
ase 2 consists of four public members and two private members:
ublic members: 1 charge nurse in a central sterile department. 1 nurse in the same
entral sterile department. 1 engineer and assistant professor from a university
project leader). 1 Ph.D. student from the same university.
rivatemembers: 1 owner of a private ITfirm specialising in IT systems. 1 consultant from
technological institute that develops, applies and distributes research- and
chnologically-based knowledge for the Danish and international business sectors.
ase 3 consists of two public and four private members:
ublic members: 1 functional manager of a central sterile department (project leader).
charge nurse in a central sterile department in another hospital.
rivatemembers: 1 Head of Development in a private firmwithin the industrialmachine-
ash industry. 1 owner of a private ITfirm. 1 self-employed consultantwith a professional
ackground in central sterile departments. 1 technical manager from a firm that develops
dustrial solutions especially with a focus on robots.

ogeneous teams through collaboration and cooperation: Exemplified
agement (2014), http://dx.doi.org/10.1016/j.indmarman.2013.12.015
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Fig. 1.Meeting activities and critical incidents for Case 1.
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The first critical incident (1) occurred before the team's first meet-
ing. Discussions between two members from the private sector created
a disturbance at the beginning of the project because these two mem-
bers perceived each other as competitors. At the first this led to difficul-
ties in sharing knowledge and reaching a shared knowledge base. The
members from the private sector perceived the risk in sharing their
technical knowledge as being too high, which led to stagnation in the
innovation process in the first six months and no particular dominant
form of interaction established among the team members during this
period.

At the followingmeeting, whichwas organised after several months
with no activity within the team, a second critical incident (2) occurred.
One of the private sector members voluntarily withdrew from the PPI
project anddid not participate in themeeting thereby resolving the con-
flict. However, this created uncertainty as to whether the project would
continue or not. The critical incident was resolved by the project leader,
who took an authoritative position and stated that the team had to de-
cide whether to continue or not. This ultimatum seemed to create the
motivation to continue and to engage in close interaction. A willingness
to share knowledge through teamwork arose. Through the ensuing
team working process, collaborative interaction took place among the
team members. The collaborative form of interaction between all
members manifested itself during a number of hours of close dialogue
concerned with the possibilities of constructing a new kind of auto-
clavable case cart (trolley). Therewas disagreement about themeasures
and technological design of the case cart. Here, explicit knowledge
about specific technical possibilities and proposals from the private
members were at variance with the public members' more practical
concerns; they argued that a new type of case cart should improve
work processes at a central sterile department. Thus an integration of
Fig. 2.Meeting activities and c
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explicit knowledge helped to form a shared knowledge base about the
design and functions of the case cart. Furthermore, tacit knowledge
was exchanged with a common understanding of work processes and
a common language in relation to that emerging. A first version of a
shared knowledge base thus seems to have been created, from the
resolution of this critical incident.

By the end of the secondmeeting the level of unpredictabilitywithin
the team was reduced. The process that followed was characterised by
cooperation, as the team members agreed to solve defined tasks. The
private members were going to construct parts of the case cart proto-
type whichwas going to be tested at the next meeting, while the public
members were going to collect surgical instruments which would be
included in the test.

After this period of cooperation, a collaborative form of interaction
arose once more. The next few of meetings took place during a two-
day-seminar at the firm of one of the private members, where the aim
was to test the first prototype of a case cart. The meetings were
characterised by collaboration among the team members and the rela-
tionship between the teammembers seemed to develop further. During
testing, the collaborative form of interaction manifested itself in more
informal contact between the public and privatemembers. Tacit knowl-
edge sharing appeared to be easier because the team members devel-
oped a collective understanding of the aim with the case cart.

After testing the prototype, the subsequent joint meeting was
characterised by a third critical incident (3). Other team members
(from another case) questioned the need and demand for the case
cart in Danish hospitals. Other issues arose, including EU procurement
rules, and a requirement to publish results from the project. This led
to one of the private members in Case 1 reconsidering his engagement
in the project. The private member was not keen on publishing the
ritical incidents for Case 2.

ogeneous teams through collaboration and cooperation: Exemplified
agement (2014), http://dx.doi.org/10.1016/j.indmarman.2013.12.015
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Fig. 3.Meeting activities and critical incidents for Case 3.
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case cart results, and furthermore he was also worried about the busi-
ness potential. This affected the private member's engagement in the
project and resulted in a short interruption in the teams' dialogue and
interaction.

At the beginning of the next meeting, the team members were hes-
itant to engage in close interaction. However, the project leader took an
authoritative position again and suggested that they should focus on
creating a business case and testing the case cart in a Danish hospital.
All the team members participated in collaborative interaction in the
form of close dialogue and a renegotiation of a shared knowledge base
was displayed at the meeting as the members collectively shared their
knowledge about the possibilities for undertaking a new test. At the
end of themeeting, the project leadermoved the team from the sponta-
neous collaborative interaction to cooperation, with the rest of the
meeting characterised by the distribution of responsibilities. The specif-
ic tasks were to find and contact a hospital where the case cart could be
tested (public members' task) and make small adjustments to the case
cart (private members' task). As a result of the third critical incident,
the level of dependency among the team members rose. The private
members were especially dependent on the public members' explicit
knowledge about hospitals where the prototype could be tested.
4.2. Case 2

Case 2 is dominated by the use of the collaborative interaction form.
Most of the meetings held were characterised by the public and private
members being highly collaborative as they spent time solving tasks
together in order to get to know each other's work context and profes-
sional skills. In this case, only a few critical incidents occurred during the
innovation process and the critical incidents that did occur were minor
and handled easily. Themodel displays the innovation process in Case 2.

Distribution of tasks and responsibilities is not apparent during the in-
novation process of Case 2. Instead of cooperation, collaboration domi-
nates. This collaboration was characterised by a common context being
created slowly among the public and private members — as manifested
by building up a common language and mutual understanding. As in
Case 1 the team members of Case 2 kept an open mind in respect to the
outcome they had to produce— a report with suggestions for how to im-
prove theprocesses in a central sterile department.However, Case 2 is dif-
ferent from Case 1 in that the specific nature of the end product was not
known in advance. The high degree of collaboration seems to have been
needed to support the exchange of knowledge and the creation of a
shared knowledge base, thus making it easier for the members to agree
on how to produce the end product and what to include within it.
Please cite this article as: Nissen, H.A., et al., Knowledge sharing in heter
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In this case, only a few critical incidents occurred during the innova-
tion process. These were not caused by new information coming from
external sources, but instead were related to critical decisions made
within the team. These shaped the path of the project and as they
were collaboratively determined, thepath of theprojectwasnever chal-
lenged, and the critical incidents therefore were simple and fairly easy
to handle. When the first critical incident (1) took place, the team
members agreed after some discussion to use operation process man-
agement models in their work concerning the flow of surgical instru-
ments in a central sterile department. The foundation of this decision
was already grounded in previous meetings where knowledge sharing
took place concerning the optimal flow of surgical instruments. This
previous knowledge sharing created a common language and a collec-
tive understanding of the processes at a central sterile department.

The next critical incident (2) took place when the members had to
decide whether to focus on larger central sterile departments in future
Danish hospitals, or to focus on decentralised central sterile depart-
ments in their final report. However, no disagreements arose as the
members decided to include both scenarios (large and decentralised
central sterile departments) in the final report. The decision making
was fairly smooth because of the previous knowledge sharing process
that had taken place during visits to two different central sterile depart-
ments inwhich all teammembers participated. The two visits promoted
the sharing of tacit knowledge and created a joint experience. During
these visits, public and private members interacted and their heteroge-
neous knowledge bases were partly integrated. For example, the public
members gave the private members a practical demonstration of how
central sterile departments function. As a result of this experience the
private members could better comment on how the work processes
could potentially be optimised using technological solutions.

However at the followingmeeting attempts at cooperationwere less
successful. Amove to cooperationwas precipitated by the privatemem-
bers' frustration with the slowness of a collaborative approach. This re-
sulted in the cooperative distribution of tasks, but only fairly simple
ones and the distributed tasks were not solved sufficiently. Therefore
the team resumed collaboration again.

At the following meetings the team members organised one-day
meetings aimed atwriting the report together. As a consequence, the in-
tensity of meetings increased in the final stages of the innovation pro-
cess and so did the collaborative form of interaction.

4.3. Case 3

Case 3 provides an illustration of how knowledge sharing and creat-
ing a knowledge base were neglected mainly due to the dominance of
ogeneous teams through collaboration and cooperation: Exemplified
agement (2014), http://dx.doi.org/10.1016/j.indmarman.2013.12.015
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cooperative forms of interaction. Case 3 is also characterised by a fairly
low degree of opportunities to share knowledge and to achieve a collec-
tive understanding of the intended solution because only a few meet-
ings were held by the team. These factors seem to have resulted in an
absence of a shared knowledge base between the public and private
members. Only few critical incidents took place, and those that did
have the potential to develop the project further tended to be ignored
or disregarded. The following model displays the innovation process
in Case 3.

The beginning of the innovation process was characterised by a
disagreement about which team member was going to function as
the project leader. The private member, who owned the IT firm
that was going to develop the end product (an automatic system
for identification of surgical instruments) did not want to function
as a project leader because they had not received funding from the
project due to their late entrance into the subproject. None of the
public members wanted to function as a project leader, as they didn't
think that it was their responsibility. Finally, one public member
from a central sterile department agreed to act as leader, but only
when it was possible without interfering with the public member's
ordinary job. The first critical incident (1) was thus handled, but
the consequences of the lack of real dedication were substantial. In
part probably because this was not discussed and dealt with; instead
it tended to be ignored.

Following this incident, the cooperative form of interaction domi-
nated, as the team members did not interact in a common context,
and thus failed to establish strong linkages between themselves. Instead
they worked separately, and tasks and responsibilities were distributed
from the beginning of the project period. The lack of collaborative inter-
action and the dominance of cooperation meant that only explicit
knowledge sharing took place. Explicit knowledge included that the pri-
vate members' technological knowhow and the public members'
knowhowabout surgical instrumentswere exchanged but this occurred
without close interaction. For instance at the last of the project meet-
ings, the private firm demonstrated to the public members how the IT
system is able to identify surgical instruments. The meeting was only
used to demonstrate the state of the technology system and a low de-
gree of knowledge sharing occurred.

At the samemeeting a lack of any mutual expectations between the
parties became apparent. The private firm expressed their certainty that
the hospital where one of the public members worked, would buy the
finally developed end product. However, the public member made it
clear that the hospital had no intention of buying the developed end
product, due to lack of funding. The hospital was only able to contribute
by testing the product in their central sterile department. The lack of
mutual expectations between public and private members shows that
the integration of each other's tacit knowledge did not occur. The epi-
sode could have created a critical incident, but the private firm ignored
the fact that the hospital had no intention of buying. The private actor
seemed to conclude that it was only amatter of developing an excellent
product and then the hospitalmight change theirmind. This had the po-
tential for being seen as a critical incident. However, as the private firm
did not see the need to make any changes and continued their work in
the sameway, thismeant that no critical incident arose. After thismeet-
ing, cooperation continued with the private firm trying to develop the
end product alone and without any knowledge sharing with the public
members: for instance knowledge about purchasing procedures in
hospitals.

The second critical incident (2) took place as technological complica-
tions arose for the private firm and it was acknowledged that the end
product could not be developed sufficiently for testing during the pro-
ject period. From this point on, insecurity arose among the teammem-
bers since the future of the project became uncertain and there were
concerns that it might be closed down. This insecurity may have been
avoided if the team members across the public and private sectors had
had a tacit shared understanding of each other's contexts, which could
Please cite this article as: Nissen, H.A., et al., Knowledge sharing in heter
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have been established through the use of the collaborative formof inter-
action. But the opportunity for engaging more collaborative was
neglected. As a result the project eventually stopped in its current form.

4.4. Summing up on Cases 1, 2 and 3

Although the three cases are working on components of the same
project, the innovation processes are very different. Case 1 is charac-
terised by knowledge sharing and building a process that balanced co-
operation and collaboration. The case is also characterised by severe
critical incidents, which resulted in change in knowledge sharing activ-
ities throughout the process. Case 2 is characterised by a high degree of
collaboration and intense knowledge sharing. The team did not distrib-
ute tasks to independently complete between meetings to a great
degree. Instead they solved tasks together at meetings. Only a few crit-
ical incidents occurred and these were concerned with actualising par-
ticular tasks. Moreover, the team members were very concerned with
maintaining consensus and conformity. Case 3 is dominated by cooper-
ation and a low degree of knowledge sharing. Further, the case is
characterised by conflicts between the public and private members' ex-
pectations of each other. However these conflicts were more or less ig-
nored or disregarded. Only explicit knowledge seems to have been
shared and no strong linkages or understanding of intentions seem to
have been established among the team members — perhaps due to
the lack of close interaction.

5. Discussion

The case studies illustrate the impacts of different forms of interac-
tion in heterogeneous teams. Two issues are worth emphasising here.

First, heterogeneity among public and private teammembers needs
to be managed and this includes a need for continually managing how
much or how little knowledge to share. In line with the literature, bal-
anced knowledge sharing seems to heighten team performance
(Edmondson &Nembhard, 2009; Sapsed et al., 2002). Two points clarify
this issue.

First, knowledge sharing and the building of a shared knowledge
base are needed to deal with heterogeneity. However, the heteroge-
neous knowledge bases of the team members should be partially
retained. A common shared knowledge base cuts across the private
and public team members and facilitates common goals, and this
needs to be effectively balanced with different, complementary
knowledge bases attached to the tacit knowledge (mental-models)
held by the team members. Case 2 is an illustration of too much
knowledge sharing dominated by collaborative forms of interaction
and too little use of heterogeneous knowledge bases. On the other
hand, Case 3 is an illustration of too little knowledge sharing domi-
nated by cooperative forms of interaction, which prevented the de-
velopment of a common shared knowledge base. Case 1 seems to
illustrate a balance in building up a common knowledge base and
accepting, at the same time, that different heterogeneous knowledge
bases exist. This seemed to happen through time as the team mem-
bers shared knowledge through a mixed use of collaborative and co-
operative forms of interaction.

Second, as shown in Case 1, strong project leadership may assist in
overcoming some of the difficulties in shifting between collaboration
and cooperation and help inmanaging howmuch, or how little, knowl-
edge to share. The project leader in Case 1 took an authoritative position
after the critical incidents occurred and shifted the group from team-
work to taskwork. None of the project leaders in the other cases took
such an authoritative position in critical situations. This may have
caused the teammembers in Case 2 to be ‘stuck’ in terms of knowledge
sharing activities through continuing with the collaborative form of in-
teraction and neglecting cooperation. As for Case 3, the lack of a leader
may have caused the team members to neglect knowledge sharing,
which might have helped the members to overcome the challenges
ogeneous teams through collaboration and cooperation: Exemplified
agement (2014), http://dx.doi.org/10.1016/j.indmarman.2013.12.015
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that arose from having different interpretations of situations and
expectations.

The second issue concerns the need to be able to continually re-
establish a shared knowledge base, when it has been challenged or
disrupted by a critical incident, as this ability seems to secure prog-
ress during innovation processes. Two key points also relate to this
issue.

First, being able to recreate or re-establish a shared knowledge base
is needed, as the shared knowledge base is not a static collective under-
standing. Rather the common shared knowledge base is exposed to in-
ternal or external disturbances and, as such, a collective understanding
can increase, decrease or even disappear in response to external events.
How a shared knowledge base develops is not only just dependent upon
knowledge sharing, but also seems to depend on the nature and timing
of critical incidents and the way in which team members handle these
critical incidents. Therefore, if the team members succeed in gaining a
collective understanding through an established shared knowledge
base, it is still necessary to be able to continually recreate or re-
establish a collective understanding when critical incidents occur dur-
ing the innovation processes. In Case 1, the practice of collaboration
just after the occurrence of a critical incident seemed to help the team
members to readjust or re-establish the shared knowledge base they
had thus far achieved. Through a collaborative form of interaction the
team adapted a new version of a shared knowledge base. However, fol-
lowing intense collaboration just after a critical incident, a subsequent
period of cooperation seemed to prove advantageous for maintaining
continuous progress. The predictability which is produced via the coop-
erative form of interaction, where each team member solves defined
tasks separately, seems to create an important common understanding
of direction in the innovation process, which also seems to secure
progress.

Second, exposing a common shared knowledge base to different
types of disturbances also seems to be important for securing progress.
The team literature highlights, that being too extreme in knowledge
sharing may make it difficult for a team to act on disturbances when
they occur (Cooke et al., 2000). Reflecting on disturbances may well
be an important process in development of a common knowledge
base into a strong collective understanding. Rather, the risk is that a su-
perficial commonknowledge base is built, which is not sufficiently resil-
ient to secure progress during innovation processes. Case 3 illustrates
this challenge, as critical incidents do take place during the innovation
process, but these are handled superficially, or simply ignored. This im-
pedes the teams' ability to make use of external knowledge or views
that could have generated a strong shared knowledge base. Instead,
Case 3 illustrates that it is difficult for themembers to attain a collective
understanding of what is happening during the innovation process
(Cooke et al., 2000). Misinterpretations arise between a private and
public member and as no strong linkages had been established in the
team, further knowledge sharing that might result in a common knowl-
edge base became difficult. If critical incidents had occurred, this might
have led to stronger linkages and more joint problem solving through
the sharing tacit knowledge (Lam, 2000). In Case 1 the critical incidents
constituted a fairly high degree of disturbances, which led to change in
knowledge sharing activities and changes in the use of both collabora-
tive and cooperative forms of interaction, facilitating both knowledge
sharing and further progress in the innovation process over time. Unlike
Case 2, the critical incidents in Case 1 were managed not only by dia-
logue and further knowledge sharing, but also by making decisions
that applied the shared knowledge in the team members' individual
contexts.

6. Conclusion and implications

The purpose of this article was to achieve a better understanding of
howheterogeneous teams share knowledge and secure progress during
the innovation process through the use of different forms of interaction
Please cite this article as: Nissen, H.A., et al., Knowledge sharing in heter
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i.e. collaboration and cooperation. Three PPI projects from the hospital
sector were followed over a period of 1½ years. The use of participant
observation and the critical incident method allowed us to examine
the unfolding of the innovation process over time in the three cases.
The innovation process was particularly challenging for the three PPI
teams as the teams consisted of heterogeneous members from the pub-
lic and private sectors, which contain dissimilar logics, values and
mental models. We therefore brought the literatures of teams and
group learning into play within the particularly challenging context of
Public–Private-Innovation partnerships (PPI).

Combining these streams of literature has enabled us to identify
how continual knowledge sharing between public and private
team members and the securing of progress during an innovation
process can bemade through the use of different forms of interaction
i.e. cooperation and collaboration. Our findings pinpoint some inter-
esting theoretical implications for the literatures of both team and
group learning.

The first theoretical implication arises because our PPI data reveal
the importance of being able to continually create a balance between
collaborative and cooperative forms of interaction in order to share
knowledge and create progress during innovation processes. In the
team literature and group learning literature it is widely accepted that
sharing knowledge is an obvious requirement, particularly for heteroge-
neous team members, and that knowledge sharing is created through
the use of a collaborative form of interaction. However, our PPI data
also reveals the importance of being able to hold different complemen-
tary knowledge bases between the heterogeneous team members, as
these, when they supplement a common knowledge base, create mo-
mentum and progress during innovation processes. As such, to enhance
teamperformance during innovation processes, teammembers' hetero-
geneity needs to be dealt with through collaborative interaction, but
without completely dissolving the distinction between the heteroge-
neous knowledge bases of the teammembers. The cooperative form of
interaction form is particularly applicable if heterogeneous team mem-
bers are to maintain complementary knowledge bases and avoid the
dissolution of these within the team. How the forms of interaction, or
types of tasks, are combinedmight also influence the innovationprocess
over time. As one of our cases (Case 1) illustrates, it seems easier to
practice taskwork by the use of cooperative interaction if the team
members have participated in teamwork beforehand and gained a com-
mon understanding of the situation through collaborative interaction
and knowledge sharing.

The second theoretical implication concerns the necessity of
interrupting the shared knowledge base and being able to re-establish
a shared knowledge base over time. Disturbances, if handled correctly,
confront the teamwith some of the insecurities their shared knowledge
base is built upon, andmake it possible for the teammembers to further
develop a shared knowledge base. As such, our cases illustrate that a
balance between forms of interaction does not necessarily secure prog-
ress on its own. Disturbances that present new situations and knowl-
edge also seem to be necessary elements for securing progress during
innovation processes, as long as these disturbances are handled in a
manner that results in re-establishing a new shared knowledge base.
Thus, it seems important that a shared knowledge base is challenged
over time by critical incidents to secure progress during innovation pro-
cesses. However, disturbances only secure progress if these are over-
come by team members' ability to re-establish and re-negotiate a
shared knowledge base, when it has been challenged or disrupted by
a critical incident.

6.1. Managerial implications

Three important managerial implications are highlighted here,
because they concern challenges to the securing of progress during
the innovation process involving heterogeneous team members.
First, it is apparent that PPI projects can vary in the degree of
ogeneous teams through collaboration and cooperation: Exemplified
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knowledge sharing and that knowledge sharing can vary across
different forms of interaction. As such, it is essential to make use
of the two forms of interaction – cooperation and collaboration –

strategically because they can be valuable to a project leader in man-
aging an innovation process in PPI projects. The ramping up to col-
laboration seems to enhance knowledge sharing, whereas the
scaling down to cooperation seems to enhance progress, but mini-
mises knowledge sharing.

Second, it might also be necessary to secure and/or support dif-
ferent types of disturbances that may arise in PPI projects. In partic-
ular, situations related to critical incidents seem to create reflection
and progress among team members. In some situations it might be
beneficial to introduce intended disturbances to avoid conformity
and to secure progress in the innovation process — for instance, by
organising workshops that challenges existing beliefs and logics. In
other situations it might be necessary to facilitate close interaction
and dialogue among team members in order to stabilise the conse-
quences of unintended disturbances that have taken place. Such sit-
uations require more collaboration since there is a need for re-
establishment of a shared knowledge base.

The above-mentioned managerial implications suggest a third im-
plication concerning the role of a project manager when dealing with
heterogeneous PPI teammembers. It is important that a projectmanag-
er is aware that knowledge sharing and integration of both tacit and ex-
plicit knowledge possessed by public and private members can be a
very fragile process. Sometimes project managers have to facilitate col-
laboration and interaction among team members and in other situa-
tions project managers have to take a more authoritative position.
This seems to be relevant especially after critical incidents have taken
place. A more authoritative position can help team members when
they are ‘stuck’ in knowledge sharing activities or when teammembers
neglect knowledge sharing.

Balancing collaboration and cooperation in heterogeneous teams
is relevant not only in a PPI context but also in wider business set-
tings where heterogeneous teams are used and different teammem-
bers have to share knowledge. Particularly in settings where firms
are increasingly opening up their innovation processes it becomes
even more relevant to focus on how heterogeneous teams share
knowledge.
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