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Novel methods for enhancing collaboration and interactions are required to ensure that stakeholders and governments are able to develop a shared vision that supports sustainable watershed governance. Particular attention must be placed on integrating stakeholders who would otherwise have limited decision-making power.
By crossing professional, ideological and jurisdictional boundaries, stakeholders' perspectives are more likely to
change than when staying within those boundaries. This process, known as boundary crossing, requires
boundary objects; either artifacts, people, or institutions that play a bridging role between diﬀerent boundary
spaces. For this study, serious games powered by scientiﬁc models are identiﬁed as potentially eﬀective
boundary objects. A serious game simulation called Aqua Republica was used to organize game simulation
events allowing stakeholders to connect in an in-person, informal and novel setting. This exploratory research
aims to study the role and impact of serious games as boundary objects to enhancing collaboration and
knowledge co-creation. The following research questions are addressed: (1) Do interactions increase over the
course of a game simulation event? (2) Does the quality of interactions change over the course of a game
simulation event? (3) Are the quantity and quality of interactions aﬀected by pre-existing relationships? And if
so, how? (4) How does the relationship between participants change over the course of a game simulation event?
As part of this study, four game simulation events were organized that included students, professionals and
diverse stakeholder groups working in watershed management contexts across Eastern Canada with 40 participants in total. Participants were divided into teams of 3–5 members and were surveyed and their interactions
recorded. An interaction and social network analysis of the audiovisual recordings of each game simulation
event indicates that interactions between participants increase in both quantity and quality as the game progresses. The analysis shows that serious game simulations provide an intervention platform not only to facilitate
cross-boundary interactions, but also to strengthen relationships between diverse stakeholders, as expressed by
an increase in mutual trust and empathy, as well as an improved understanding among the participants of the
watershed system and the complex issues at stake.

1. Introduction
The sustainable governance of water resources relies greatly on an
ongoing integration of information and knowledge from diverse disciplines and domains to reﬂect current understandings and needs
(Edelenbos et al., 2011; Cox et al., 2016; Schlüter et al., 2017). These
diverse knowledge sources and types are often dispersed among multiple agencies and stakeholder groups functioning at diﬀerent levels and
scale and operating within silos that may not interact (Berkes, 2009;
Armitage et al., 2011; Edelenbos et al., 2011; Susnik et al., 2018). To

∗

avoid knowledge gaps, sustainable watershed governance calls for
inter-agency collaboration, ongoing learning and capacity building, as
well as the emergence of partnerships and collaborative networks between public, private and civil society stakeholders at diﬀerent organizational levels (McDowell, 2012; Peters and Wals, 2013; Medema
et al., 2016). Ideally, these collaborative networks allow for a continuous co-creation of new knowledge, while facilitating changes of
practice, institutional development, boundary crossing and reframing
(Kaufman and Smith, 1999; Akkerman and Bruining, 2016; Medema
et al., 2017).
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Although the concept carries a negative connotation, ‘boundaries’
belong to all the domains or worlds that they are separating, which is
why boundaries not only divide but also connect these diﬀerent worlds
and perspectives. Kaufman and Smith, 1999 deﬁne boundaries as socioecological and socio-cultural diﬀerences between diverse knowledge or
professional domains and stakeholder groups leading to a discontinuity
in action or interaction. The idea of ‘discontinuities’ is that these can
trigger learning in the form of collaborative re-framing – basically
knowledge co-creation through the (re)-creation of identities, and reshaping of relationships and practices. Boundary crossing in the
learning sciences is referred to as the interactions and transitions between agencies and stakeholder groups across diﬀerent domains and
boundaries (Kaufman and Smith, 1999; Akkerman and Bruining, 2016).
For this study, the deﬁnition of boundary crossing is expanded to being
a generative process that involves the eﬀective integration of diverse
knowledge types and domains while creating new knowledge through
collaborative networks and processes.
Boundary crossing processes require boundary objects that involve
either artifacts, people, or institutions (Medema et al., 2015, 2016).
These boundary objects oﬀer a means to align diﬀerent perspectives
and interest, and must be deﬁned enough to unite diﬀerent interests but
also ﬂexible enough to encompass the many practices they seek to unite
(Folke et al., 2005; Roux et al., 2006; Crona and Parker, 2012;
Hoogstra-Klein et al., 2017). For these objects to be eﬀective, it is
crucial that they capture multiple meanings and perspectives while also
functioning as a tool for ongoing communication and collaboration
(Hunter, 2008; Medema et al., 2016). Eﬀective boundary crossing
processes and objects may facilitate diﬀerent learning mechanisms that
are described by Akkerman and Bakker (2011) as follows: (a) identiﬁcation – referring to individuals and groups learning about how the
many diﬀerent practices contained within a boundary relate to each
other; (b) coordination – referring to learning about how to work with
others at the boundary to develop more sustainable practices and
routines; (c) reﬂection – referring to the expansion of perspectives on
practices that takes place when working at boundaries; and (d) transformation – referring to the collaboration and co-development of (new)
practices, routines and knowledge.
For this study, serious game simulations have been isolated as a
potential boundary object to bring together diverse professional and
knowledge groups and domains. These so-called serious game simulations are developed for a purpose beyond entertainment and aim to
address read world challenges (Sawyer, 2007; Zhou, 2014). Serious
games have been successfully used in other sectors (e.g. education,
military and health) and are now beginning to change the way water is
governed (Mayer, 2009; Chew et al., 2013; Medema et al., 2016, 2017).
As tools, serious games provide new opportunities for multi-directional
collaborative processes by: bringing diverse stakeholders to the table;
providing more equal access to a virtual negotiation or learning space
to develop and share knowledge; integrating diﬀerent knowledge domains; and providing opportunities to test, analyze and reﬂect on the
outcomes of novel management solutions (Shirky, 2011; Medema et al.,
2014, 2016; Zhou and Mayer, 2018; Taha, 2017). Resource management games are often powered by scientiﬁc computer models that serve
as interactive simulations allowing players to rapidly understand the
cause and eﬀect of diﬀerent policies, plans and actions (Van der Wal
et al., 2015). It is argued that these game simulations hold advantages
over conventional collaborative tools owing to their competitive and
entertainment aspects, as well as their role play game characteristics
and feedback mechanisms (Graaﬂand et al., 2012; Medema et al.,
2016). Overall, serious games can provide support in embodying collaborative governance models and processes that enable stakeholders at
diﬀerent levels to form, engage, create, learn and share group knowledge creation (Kyla et al., 2013; Taha, 2017).
Although serious game simulations are increasingly championed as
a novel, engaging and active method for supporting knowledge acquisition, learning and behavioral change (Romero et al., 2015), much of

this interest has so far been speculative, focusing on the potential of
these games to enhance learning and engagement (Connolly et al.,
2012; Boyle et al., 2016; Savic and Morley, 2016; Medema et al., 2016).
With this exploratory study we aim to address this issue and provide
empirical evidence regarding the question whether serious game simulations can be used as boundary objects to enhance collaboration
and knowledge co-creation in watershed governance contexts. The
main outcome of this paper is a contribution to a deeper understanding
of how serious games can be used as a mechanism to enhance collaboration and knowledge co-creation and to better comprehend and
address the myriad challenges to sustainable watershed governance. To
achieve this, the following research questions are addressed:
1) Do interactions increase over the course of a game simulation event?
2) Does the quality of interactions change over the course of a game
simulation event?
3) Are the quantity and quality of interactions aﬀected by pre-existing
relationships? And if so, how?
4) How does the relationship between participants change over the
course of a game simulation event?
As part of this study, four game simulation events have been organized that included students, professionals and diverse stakeholder
groups working in watershed management contexts in Ontario, Quebec
and the Maritimes. A total of 40 individuals participated in these four
in-person game simulation events. During these events, participants
were placed in small teams and given the common goal of collaboratively managing water resources in the virtual Aqua Republica watershed. Collaborative experiences have been assessed during and after
each serious game simulation event through surveys that evaluate
participants' experiences and perceived collaboration (Frey et al.,
2006), and by performing an interaction analysis (Jordan and
Henderson, 1995) using audio/visual recordings of the events and
participant interactions. Subsequently, a social network analysis was
conducted to analyze the eﬀect that pre-existing relationships had on
group dynamics. The following section provides more details on the
Aqua Republica game simulation that has been used as the boundary
object for this study.
2. Aqua Republica game simulation
Aqua Republica is technically a one-player game simulation that can
be played in the form of a competition between teams of participants,
while allowing to monitor and track interactions and learning progress,
as well as engage participants' interests and discussions Chew et al.,
2013. Aqua Republica uses technology to create a visually engaging
web-based interface and game play environment, in addition to processing the calculations of the underlying physical and social models.
This game simulation is designed by Cap-Net-UNDP and UNEP-DHI as a
tool to provide opportunities for participants to try out diverse strategies for watershed management in a simpliﬁed version of the real
world. Although the game simulation does not represent an existing
watershed, the challenges of managing scarce water resources in a
context of increasing demand from multiple users that are encountered
in this simulation are very realistic. The game allows participants to act
as watershed planners who must ﬁnd ways to manage conﬂicts and
trade-oﬀs involved in watershed management.
Players are given a birds-eye-view of the Aqua Republica watershed
(see Fig. 1). The map is bisected in the middle by a line representing an
administrative barrier. Players only have the option of building below
the line while the AI of the game decides the actions of the upstream
neighbor. The map is divided into cells where each cell can then be
developed into either, industry, farmland or ecological services. Players
are part of a planning committee in Aqua Republica and this committee
is in charge of all the planning and development activities in the watershed while making sure that these developments are sustainable. The
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Fig. 1. Screenshot of the Aqua Republica game simulation.

game simulation exists of four levels, with increasing diﬃculty. During
the six organized game simulation events, players were asked to play
the third level (titled ‘sharing water across boundaries’), in order to get
the maximum beneﬁt from the game. Diﬀerent events and disasters
appear throughout the game simulation, either with positive or negative impacts, depending on previous actions taken by players and their
teams.
3. Dynamic knowledge co-creation and collaboration through
serious games
This study builds on Nonaka and Takeuchi's theory of dynamic
knowledge co-creation that supports the examination of the role of
knowledge co-creation as an institutional mechanism to enable learning
and collaboration within collaborative governance settings (Nonaka
and Konno, 1998; Olsson et al., 2006; Nonaka and Von Krogh, 2009).
This theory builds upon the knowledge theories of Polanyi, 1962, 1966,
who ﬁrst came up with the idea of tacit and explicit knowledge, describing these respectively as ‘more practical’ versus ‘more intellectual’
knowing. A signiﬁcant component of knowledge comes in tacit form,
which is a highly personal form of knowledge that is diﬃcult to formalize and share with others, e.g. subjective insights, intuitions and
hunches (Polanyi 1983; Sudhindra et al., 2017). Where tacit knowledge
is rooted in actions and experiences, and inﬂuenced by personal ideas,
values and emotions, explicit knowledge can be much more readily
transferred in formal and systematic was (Roux et al., 2006; Grohn
et al., 2017). In theory, tacit and explicit knowledge are not separate
but ‘mutually complementary’ in that they dynamically interact with
each other through creative activities and interactions between diverse
individuals and groups (Nonaka, 1994; Nonaka et al., 1996; Alavi and
Leidner, 2001; Nonaka and Von Krogh, 2009; Sudhindra et al., 2017).
The theory of dynamic knowledge co-creation is aimed therefore at
crossing boundaries by including diverse experts and practitioners with
diﬀerent knowledge and interests, representing diverse social practices,
and coming from diverse functions, organizations, groups and networks.
To address questions regarding the fundamental conditions required

for the co-creation of knowledge, where this knowledge co-creation
takes place and whether it is possible to manage knowledge like other
resources, Nonaka and Konno (1998) introduced the Japanese concept
of ‘Ba’ that involves a platform for human interactions and evolves
around the concept of collective knowledge creation. This platform is
also described as a ‘space for emerging relationships’ shared by two or
more individuals or organizations, and can take diﬀerent kind of forms
(Nonaka and Nishigushi, 2001). When studying serious game simulations as boundary objects and their capacity to facilitate a space for
increased collaborations and knowledge co-creation, the concept of Ba
provides a useful approach for looking at novel ways of organizing and
facilitating such processes. The earlier-mentioned learning mechanisms
described by Akkerman and Bakker (2011) – identiﬁcation, coordination, reﬂection and transformation – may be supported or enhanced
through such spaces, when individuals and groups involved are required to transcend their limited perspectives and interests (Nonaka
and Takeuchi, 1995; Nonaka and Von Krogh, 2009).
The interplay between tacit and explicit knowledge through a ‘Ba’,
such as serious game simulations, may lead to processes of knowledge
conversion, expansion, and innovation. The creation of new knowledge
here takes place through a cyclical process of interactions between
explicit and tacit knowledge, conceptualized by Nonaka and Takeuchi
(1995) as a knowledge creation cycle that involves four knowledge
conversion steps (see Fig. 2):

• Socialization:

•

from tacit to tacit knowledge, which involves the
sharing and transferring of tacit knowledge between individuals and
groups through physical proximity and direct interactions. The
knowledge co-creation process begins from a space where individuals share feelings, emotions, experiences, and mental models.
These face-to-face experiences are key to conversing and transferring tacit knowledge.
Externalization: from tacit to explicit knowledge, which requires
tacit knowledge to be articulated and translated into comprehensible forms that can be understood by others. This requires a space
for peer-to-peer dialogue where individuals and groups engage in
the creation of shared knowledge.
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Fig. 2. Knowledge conversion cycle adapted from Nonaka and Takeuchi (1995).

• Combination: from explicit to more complex sets of explicit knowl-

•

edge, which requires communication and diﬀusion processes and
the systematization of knowledge. In practice, this relies on: (a)
capturing and integration of new explicit knowledge, (b) dissemination of explicit knowledge among groups and networks, and
(c) editing or processing of explicit knowledge to make it more userfriendly.
Internalization: from explicit to tacit knowledge, which relies in
practice on: (i) actualizing explicit knowledge in practice, (ii) embodying explicit knowledge through simulations or experiments to
trigger learning-by-doing, (iii) active participation of all players.

While quantity and quality of interactions between agencies and
stakeholder groups are essential to the success of boundary crossing
processes, a key function of serious game simulations as boundary objects should be to eﬀectively increase and strengthen the interactions
between these agencies and stakeholder groups in a watershed context.
Although serious game simulations, such as Aqua Republica, allow for
participants to come together and interact in an informal environment
with low stakes (Zhou, 2014), it is essential at the same time to gain a
deeper understanding of the extent to which such boundary objects are
capable of facilitating a space where bonds and connections can be
formed, and relationships forged and strengthened.
4. Research framework and approach
The research questions for this study are interrelated and embedded
and follow a hierarchical ﬂow back to the overall research purpose of
establishing whether serious game simulations can be used as boundary
objects to enhance collaboration and knowledge co-creation in watershed management contexts. A recent study by Medema et al. (2017)
looked at the extent to which knowledge co-creation occurred within
collaborative watershed governance networks, and examined how, and

under what circumstances these networks were able to successfully
facilitate knowledge co-creation, providing insight into the network
dimensions that either enhanced or hindered such processes. The network dimensions that are particularly relevant for this study are those
relating to the properties of the collaborative process and of the relationships between the diverse stakeholders that participate in collaborative networks. Based on these dimensions, the following research
framework is proposed to achieve the research purpose and answer
each of the four research questions (RQ1-4), (see Fig. 3 below).
As mentioned, four game simulation events were organized in
Quebec, Ontario and the Maritimes. In Quebec, an event was organized
with students from the Integrated Water Resource Management
(IWRM) master's program at McGill University in Montreal as part of
one of their required courses, this particular event was divided into two
sessions with two cohorts of students. Two game simulation events
were organized in the Maritimes in association with two local watershed organizations acting as intermediaries for diverse stakeholder
groups in their watershed territories, the Petitcodiac Watershed
Alliance (PWA) in Moncton and the Sackville River Association (SRA)
in Halifax. Both events involved participants from academia, local
government, non-proﬁt organizations and conservation authorities. The
fourth event was organized in Ontario with the Rideau Valley
Conservation Authority (RVCA) in Ottawa, involving employees, and
members of the board of directors. In total, over the course of the four
events, 40 individuals participated in this study. The following table
shows a breakdown of the events and the corresponding teams formed
from them (See Table 1):
The Aqua Republica game simulation was selected as the boundary
object for this study, and this game simulation consists of 14 turns that
represent 14 years. This single game simulation was selected for this
study in order to keep the scope of this study within the bounds of
feasibility and to focus on addressing the research questions. Scholars
(e.g. Wang et al., 2011) propose recording the game playing time as a
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Fig. 3. Research framework.
Table 1
Team composition.
Event

Participant

Teams

# Team Members

Ottawa (RVCA)

10

Halifax (SRA)

7

Moncton (PWA)

6

McGill

17

O1
O2
O3
H1
H2
M1
M2
MG1
MG2
MG3
MG4

3
4
3
3
4
3
3
5
4
3
5

control variable to assess whether the game outcomes are a result of the
game playing time (i.e. more time, more achievements) or not. On
average, the game simulation events organized for this study lasted
about 2–3 h to allow all groups to complete the serious game rounds.
Other control variables used for these events were the group size (3–4
players), which were kept small to ensure more in-person interactions
for each participant.
Each event has been structured similarly; starting with a brief introduction by the moderators introducing the topic of serous games
followed by a brief tutorial on how to play Aqua Republica. Before the
start of the game, participants were provided pre-game surveys as well
as consent forms, and as teams ﬁnished the simulation rounds they
would complete a post-game survey. Survey questions were modiﬁed
from Zhou's (2014) thesis on serious games, and the pre-game surveys
aimed to obtain basic data such as age/gender/profession etc. as well as
to gauge participants interest in attending the game simulation event
and their familiarity with technology. The post-game surveys were
developed to learn any post-game insights about participants' perceptions of the game experience and their team interactions. The postgame survey also asked participants about any prior relationships with
other participants with the aim to determine the impact of pre-existing
relationships on group dynamics (i.e. whether or not participants tend
to interact more with those they have pre-existing relationships with).

In addition to the pre- and post-game surveys, teams were also given a
survey to complete throughout the game with questions relating to
strategy allowing teams a chance to collectively reﬂect on previous
actions.
In addition to surveys, interactions were analyzed for each of the
four game simulation events. This type of analysis, referred to as interaction analysis, involves an interdisciplinary method for the empirical investigation of human-to-human interactions and human-environment interactions (Jordan and Henderson, 1995). Such analysis
pays close attention to verbal and non-verbal interactions as well as the
use of artifacts and technology to facilitate interactions (Jordan and
Henderson, 1995). By using audio-visual information researchers are
able to support their conclusions with non-verbal information that
provides another dimension to the conclusions that would not be possible if researchers were solely analyzing transcripts of game simulation
events. One of the main underlying assumptions of interaction analysis
is that knowledge and action are fundamentally social in origin, organization and use. Jordan and Henderson (1995) emphasize that expert
knowledge is not found within the brain or the mind of individuals, but
within “social and material ecologies” that can only be discovered and
transferred to other members of a community or network through the
analysis of interactions and relationship dynamics.
The game play time of each event was divided into four phases,
during which both the quantity as well as the quality of participant
interactions were evaluated. For this study, interactions have been
deﬁned and classiﬁed in two ways: (a) directed interactions: Any interaction between two individuals involving direct eye-contact and either
take the form of a question or a response to a question; and (b) team
interactions: Any interaction by one individual that is not speciﬁcally
addressed to another individual i.e. broad, open questions; general
statements about the game. Knowledge co-creation, in terms of interaction analysis, involves ‘a distributed, ongoing, social process’
(Garﬁnkel, 1967), and serious game simulations then provide an arena
where interactions are facilitated while allowing for an ideal setting for
interaction analyses to be conducted. Furthermore, the use of technology and artifacts – in the case of this study serious game simulations
– allow for the creation of what Jordan and Henderson (1995) call a
‘social ﬁeld’ or what Nonaka and Konno (1998) refer to as a ‘Ba’, in
which certain activities become either likely, probable, or possible
(Jordan and Henderson, 1995).
Finally, a social network analysis was conducted to allow for an
even deeper understanding of the social ﬁeld that is facilitated through
a game simulation event. This type of analysis focusses on the structure
of relationships to better understand aﬀordances or hindrances to
knowledge co-creation (Serrat, 2017). It allows for qualitative data to
be represented visually (in the case of this study, an open source networking software called GEPHI was used to synthesize data into visual
network maps) and when combined with information from interaction
analysis allows for a deeper understanding of the eﬀects that relationships have on interactions in the context of a game simulation event. By
visualizing the bonds and relationships that connect people, researchers
can isolate areas that need improvement. Likewise, researchers can
investigate the stronger bonds looking for methods to increase connectivity. Game simulation events oﬀer the perfect environment to
conduct a social network analysis by bringing together diverse stakeholders to study the eﬀects that serious games have on network connectivity.

5. Results
This section of the paper presents the data and results from each of
the research activities conducted before, during and after the game simulation events. Each sub section will address one of the four research
questions mentioned in the Introduction Section.
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5.1. Do interactions increase over the course of a game simulation event?
(Research question 1)

dipping towards the end of the game for some teams. This dip in interactions at the end phase of the gameplay may be explained by the
fact that participants know that the event is nearing its end and that
they may lose some commitment to the game play. Another explanation
may be that in last phase of the game the focus turns more to simply
completing the tasks the computer AI gives the players (e.g. at one point
participants are told to build 10 grasslands, 10 wetlands, 10, forests),
while in early-game and mid-game phases players have more ﬂexibility
as to what they want to build within their watershed leaving more
space for creativity. By the end of the game the teams have so many
tasks provided to them by the game that they have to complete, giving
much less room for interpretation and spontaneous interactions.
Another interesting observation is that in the student event, the
audio-visual recordings showed two students who did not participate in
the game; they sat with their team but rarely interacted with them. This
is likely attributed to the fact that the event was mandatory for all
students and some may not have been committed to participating in
these game simulation events from the start. The stakeholder events, on
the other hand, were all organized on invitation, which may have led to
a higher commitment from players to actively participated in these
events.

Interactions were documented over four phases of gameplay for
each game simulation event, for each team. Each phase consists of a
ten-minute period and is separated from the next phase by another tenminute period. The phases are divided as followed: phase 1 (0–10 min);
phase 2 (20–30 min); phase 3 (40–50 min); and phase 4 (60–70 min). By
dividing the game into these smaller phases; interactions can be displayed graphically to get a visual overview of how interactions evolve
over time. The graphs below (See Graphs 1–4) display the total interactions per team, per phase, and help determine in which phase peak
interactions occurred. Data for these graphs was all provided from the
interactions analysis that was performed using the audio-visual recordings taken from each team's interactions and each game simulation
event.
These charts indicate that in Phase 1, none of the teams reached
their peak interactions. The audio-visual recordings show that in Phase
1 all participants need some time to ﬁgure out how the game simulation
works, discovering the menus and options, and familiarizing themselves
with the game questions and goals. Almost all charts show that interactions increase during Phase 2, although only one team reached peak
interactions over the course of this phase. The results reveal that peak
interactions tend to be reached in the later phases (3 and 4) of the
game, and that interactions generally appear to increase over the course
of each game simulation event for most teams, with interactions

5.2. Does the quality of interactions change over the course of a game
simulation event? (Research question 2)
Although it is important to examine the sheer total of interactions
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between participants within teams to the aims of this study (i.e. to
determine whether serious game simulations present an eﬀective
boundary object to create a space in which interactions can eﬀectively
occur), it is essential to understand the quality of these interactions and
how these evolved over the course of the game simulation events and
the four phases of gameplay that have been analyzed for this study.
Audio-visual recordings of the game simulation events were used to
conduct an interaction analysis and describe the characteristics of the
interactions for each phase of gameplay. Based on the speciﬁc network
dimension identiﬁed by Medema et al. (2017) as reﬂected in the research framework for this study (see Fig. 3), the following indicators are
identiﬁed to track the quality of interactions across the four phases of
each game simulation event:
1) Moments of consensus: referring to situations where all players
verbally agree on the next course of action, whether it be the construction of a building, or the enactment of a policy;
2) Moments of reﬂection: referring to moments where teams pause to
look at the goals the game has given them and to plan their next
course of action;
3) Shared laughter: referring to instances where the group as a whole
laughs together;
4) Anecdotal/opinion exchange (i.e. tacit knowledge sharing): referring to moments where personal anecdotes are shared (e.g. I did my
thesis in water management) or personal opinions (e.g. I'm against
nuclear energy);
5) Explicit knowledge transfer: referring to instances where one player
explains something to another player or shares a fact (e.g. P1: What
is HVAC? P2: Heating, ventilation and air conditioning).
These indicators were developed based on the research framework
proposed for this study (see Fig. 3). Using the audio-visual recordings,
researchers tracked examples of these indicators over the course of the
four phases of gameplay and results are reﬂected in the following
graphs (See Graphs 5–8 below):
In addition to the previously mentioned ﬁve indicators, the following indicator is also included as part of this study:

Moments of Consensus

Moments of Reflec!on

Shared Laughter

Anecdotal exchange
Explicit knowledge
transfer
0
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4
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8
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Graph 6. Quality of interactions (Halifax).
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Graph 7. Quality of interactions (Moncton).

Anecdotal exchange

6) Openness to sharing ideas: referring to instances where players
share their views (in so far as the game is concerned) generally
taking the form of “I think … ” or “we should … ” statements (e.g. “I
think we need another cash farm” or “we should consider building
another reﬁnery”) (See Graph 9 below).

Explicit knowledge
transfer
0
Phase 1

Phase 2

5

10 15 20 25

Phase 3

Phase 4

Graph 5. Quality of interactions (Ottawa).

The above graphs display interesting trends that are best explored
by looking at empirical evidence and the interaction analysis performed
for each of the above indicators from the audio-visual recordings. See
Table 2 for a synthesis of the qualitative indicators.
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Moments of Consensus

Moments of Reflec!on

Shared Laughter
Anecdotal exchange

Fig. 4. Interaction Map Legend.

5.3. Are the quantity and quality of interactions aﬀected by pre-existing
relationships? And if so, how? (Research question 3)

Explicit knowledge
transfer
0
Phase 1

Phase 2

5

10 15 20 25

Phase 3

Phase 4

Graph 8. Quality of interactions (McGill).

160
140
120
100
80
60
40
20
0
O"awa

Halifax
Phase 1

Phase 2

Moncton
Phase 3

Phase 4

Graph 9. Idea sharing by phase.

McGill

For this section, the team interactions from the stakeholder and
student events have been analyzed. It should be noted that the students
were all members of the same university program and had been
working together closely for four months prior to participating in the
game simulation event. Of the seven stakeholder teams whose interactions were analyzed, three teams had members who knew each other
prior to the start of the game simulation events (both Moncton groups
M1 and M2, as well as one Ottawa group O2). This provides an opportunity to investigate whether and how these prior relationships affect the quality and quantity of interactions throughout the game simulation experience within each team. To develop a better
understanding of the impact of these pre-existing relationships in a
team dynamic, it is key to look at interactions taking place at an individual level between players throughout the game. Interaction maps
were developed from raw interaction data used to investigate these
relationships and connections further (Jean et al. 2018 provide a Data
in Brief that includes the raw interaction data and all teams' interaction
maps). Above is the legend (See Fig. 4) that is used for all the interaction maps that are presented in this section.
Figs. 5 and 6 below show the interaction maps for Team O2, a team
in which two of the members noted on the participant surveys that they
had a strong working relationship prior to their participation in the
game event. Everyone else on team O2 has passing knowledge of the
others, although they reported to not know the others well. The black
color in the interaction maps is used to isolate players with a strong

Table 2
Interaction analysis of qualitative indicators.
Moments of Consensus

Moments of Reﬂection

Shared Laughter

Anecdotal exchange

Explicit knowledge
transfer

Openness to sharing
ideas

Evidence of this is the greatest in the early phases of the game, when players have
more freedom to choose how to develop their watershed, leading to discussions on
how to proceed. Later in the game players are restricted by the goals given by the
game leading to less interpretation in how to proceed.
Moments where players reﬂect upon their strategy and actions taken appear to be
concentrated in Phase 2 and 3 of the game. Moments of reﬂection tend to be spurred
by a team's score and results after each round.
One can see that throughout the game experience shared laughter between teams is
common. Laughter tends to reach a maximum in Phase 2 and 3 of the game as players
begin to become more comfortable with each other. In some cases, laughter dips as
players become more seriously focused on the game.
Most anecdotes were shared in phases 2 and 3 of gameplay. Anecdotal exchange is not
common during gameplay as most players are focused on the game and may not have
relevant anecdotes to share with the group or are just focused on the moment.
Examples of explicit knowledge transfer are quite high in the early phases of the game.
As players explore the menus of the game, questions arise, and knowledge is shared.
This continues throughout the game, although there is a drop when teams reach Phase
4, likely because of increased familiarity with the topics of the game simulation.
Throughout the game, players are open to sharing their ideas with their teammates.
This openness reaches a maximum in phases 2 and 3. A slight dip is seen in Phase 4 as
players are mostly focused in achieving the goals given to them by the computer AI.

E.g. “Should we begin by building food farms” “yes good
idea!” “People need to eat”

E.g. “Oh no, our ecosystem is ‘very bad’ what have we done
to cause this/how can we ﬁx this”
E.g. All teams share a laugh when confronted by poisoned
water resulting in skulls and crossbones above their river.

E.g. Some players begin to have side conversations about
their professional experiences.
E.g. “Cotton farms require a lot of water” or “Livestock
farming can be bad for our water due to the runoﬀ”.

E.g. “I think we need another cash farm” or “we should
consider building another reﬁnery”.
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Fig. 5. Team O2 phase 1.
Fig. 8. Team M2 phase 3.

Fig. 6. Team O2 phase 2.

prior bond while grey represents those with no previous relationship.
The maps show the individual interactions that have taken place in
Phase 1 and 2 of the game.
Team O2, Phase 1 (see Fig. 5) reveals that many interactions take
place between players 1 and 2, who were well known to each other
before the start of the game simulation event. The establishment of this
dynamic was then reﬂected by the other two members who began to
interact with each other. As the game proceeded, however, and players
entered Phase 2, a breakdown of these dynamics can be observed (see
Fig. 6). In Phase 2, there is less interaction between players 1 and 2, and
more balanced team interactions develop between all participants, except between players 1 and 4. A new dynamic emerges where interactions tend to be directed at player 3 who is controlling the simulation.
This trend proceeds throughout the subsequent phases as interactions
become increasingly collaborative and balanced between all team
members. A similar trend is observed in team M2 from the Moncton
event. One can see that throughout Phase 1 the interactions are rather
unbalanced with the bulk of the interactions being directed to and from
players 1 and 2 (see Fig. 7). Unlike team O2 this dynamic persists well
into Phase 2 and only during Phase 3 there appear to develop more

Fig. 7. Team M2 phase 1.

balanced interactions between all players in that team (see Fig. 8). At
this point interactions are observed between all members, and discussions become more collaborative and team interactions become dominant.
When comparing the interaction maps from teams with prior relationships and teams without prior relationships, it becomes clear that
interactions are also quite unbalanced during Phase 1 of gameplay for
teams where all members are initially unfamiliar with each other, with
more dominant players speaking more often during the ﬁrst phase. This
changes when players enter the second and third phases and interactions become much more even and balanced for most teams between all
players. The interaction maps for Team O3, a team of participants with
no prior relationships, was used as an example of this (see Figs. 9 and
10).
The student event that was organized at McGill is unique in that all
participants were well acquainted before the game simulation event.
Figs. 11 and 12 below show Phases 1 and 3 of gameplay for this event
respectively.
The map for MG2 Phase 1 is drastically diﬀerent than the maps for
Team O2, M2, and O3. Of all maps displayed for Phase 1, MG2 shows
the most interactions (in terms of sheer numbers) as well as the greatest
connectivity between all participants. Unlike teams at the stakeholder
game simulation events, MG2 has direct interactions between all
players in Phase 1. The interaction map of Phase 3 shows that these
interactions persist throughout the game with interactions increasing or
staying uniform between members of all student teams. The interaction
maps for MG 1, 3 and 4 also indicate a consistency and/or increase of
team interactions between participants throughout the game event. The
exception to this are some of the interactions of earlier mentioned
students who were not committed to participating consistently in the
game play. It may be concluded from this data that teams composed of
members with strong pre-existing relationships and a solid commitment
to the game play show uniformly strong interactions throughout gameplay from the beginning onwards. This is further corroborated by
Graph 4 from section 5.1 that shows that the number of interactions for

Fig. 9. Team O3 phase 1.
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Table 3
Team M1.
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Table 4
Team M2.
Fig. 10. Team O3 phase 2.
P1
P2
P3

Table 5
Team O1.

P1
P2
P3

Fig. 11. Team MG2 phase 1.

Table 6
Team O2.

P1
P2
P3

Table 7
Team O3.

P1
P2
P3

Fig. 12. Team MG2 phase 3.

teams of the McGill event stay relatively stable until the Phase 4 of
gameplay.
5.4. How does the relationship between participants change over the course
of a game simulation event? (Research question 4)
To determine whether relationships have strengthened over the
course of the events, participants were asked to rate their collaboration
with their teammates over the course of the game simulation. The
following scale was used, and the results can be found in the subsequent
tables:
0
1
2
3

We did not work together
Awareness of individual, little communication
Provide information to each other, formal communication
Share information, frequent communication, some shared decision
making
4 Share ideas, frequent communication
5 Frequent communication characterized by mutual trust, contributes
to consensus
The results below (see Tables 3–9 below) indicate that players

Table 8
Team H1.

P1
P2
P3

Table 9
Team H2.

P1
P2
P3
P4

P1

P2

P3

P4

X
1
4
3

5
X
4
2

5
3
X
3

5
3
5
X

perceived overall that collaborations within their teams was strong.
Participants in the Moncton event scored their participants with an
average of 4.08 on a scale of 5. As for the Ottawa event, the average is
even greater at 4.58. The lowest average is that of the Halifax event
with an average of 3.6. The average score for all teams throughout all
events is 4.1. It can be said, therefore, that players generally felt that
collaborations and interactions were positive and productive
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throughout the serious game events.
These self-reported values alone, however, are not suﬃcient to determine whether relationships were strengthened over the course of the
game events. For this, the results from the previous research questions
were re-analyzed, looking at the quantity and quality of interactions
over the course of the game as well as the overall interaction dynamics
that are revealed.
Referring to graphs 1, 2 and 3 from section 5.1, one can see instantly
that over the course of a game simulation event the interactions increase over time despite some intermittent dips. One can infer from this
that participants are becoming more comfortable and conﬁdent in their
interactions with their team members. This is corroborated by the
qualitative data as well. Looking back at section 5.2 one can see that
openness to share ideas increases over time, as does shared laughter.
Generally, the quality of interactions increases with the quantity. As an
example, in Team 2 of the Ottawa event, participants started oﬀ
speaking very formally and restricting conversations around the game
simulation itself. At one point, however, this team's water source within
the game became poisoned (i.e. marked with skulls and crossbones in
the game interface). Despite how devastating this would be in real life,
in a simulation it actually allows for some levity to the player dynamics
and resulted in the group sharing a laugh together (i.e. this situation
became an ice breaker). There is power in laughter, and after this point,
discussions became much more ﬂuid and less formal with players often
referring back to the poisoned water. “Let's hope our water isn't poisoned again,” “Better clean up that water.” Statements such as these
allowed for participants to have a shared and meaningful experience
that allowed more ease in subsequent interactions.
This is further conﬁrmed by the data presented in Section 5.3; even
players with strong prior bonds with another teammate open up to the
entire group over a short amount of time and favor group discussions
rather than simply interacting with players that they already have
strong relationships with. Looking again at Figs. 9 and 10, it becomes
clear as well that new links and connections develop quickly over the
course of the game simulation events between participants in a team
who had no previous relationship or connection prior to these events.
6. Discussion and conclusion
Although this study focused on game simulation events that were
organized in a Canadian context, the ﬁndings from this research are
relevant for governance of watersheds outside of a Canadian context as
well. All over the world, the governance of watershed territories requires the involvement of a diverse range of stakeholders (e.g. the
general public, industry, farmers, small business owners, civil servants
and politicians and decision makers at various levels), and in most
cases, multi-faceted issues associated with watershed governance are
complex due to diverse management regimes and potential asymmetries in resources, political structures, government agencies and institutions (Timmerman, 2011). To move towards more collaborative
forms of resource management, it is essential to acknowledge that
boundaries (i.e. physical, jurisdictional, and social) are always present
and that collaborations and interactions across such boundaries are
essential (Huitema et al., 2009; Medema et al., 2016). In that light,
serious game simulations oﬀer a novel and creative platform not only to
facilitate such cross-boundary interactions, but also to strengthen relationships between diverse stakeholders through the enhancement of
mutual trust and empathy, and through the development of a shared
and improved understanding of the watershed system and complex issues at play.
The results of this study reveal how interactions and collaborations
between participants and their teams increase over the course of the
game simulation events. This increase in collaborative interactions
takes place for all teams, although it appears that the teams with strong
previous connections and relationships between all team members before the start of the game events (i.e. the McGill event teams) develop a

signiﬁcantly higher amount of interactions between participants over
the course of the game simulation event (see Graphs 1 to 4). Equally
important to understanding whether the quantity of interactions increase over the course of these events, is to assess and understand the
quality of these interactions. Over the course of each of the game simulation events that have been organized as part of this study, the
interaction analysis reveals that the proposed indicators for qualitative
interactions (i.e. moments of consensus, moments of reﬂection, shared
laughter, anecdotal/opinion exchange, explicit knowledge transfer,
openness to sharing ideas) have been identiﬁed and measured (see
Graphs 5 to 9). As time progresses, players quickly become more
comfortable with each other while interactions become less formal and
more open and personal. Overall, the results provide evidence that
serious game simulations can eﬀectively be used as boundary objects to
strengthen existing relationships as well as to facilitate new connections
and a shared understanding between stakeholders. The question remains, however, what the impact is of game simulations, such as the
one used for this study, on enhancing knowledge co-creation, in particular on facilitating a knowledge conversion cycle.
6.1. Serious games and the knowledge conversion cycle
According to Nonaka (1994), knowledge creation is a dynamic
process containing four phases of tacit and explicit knowledge interaction as described in Section 3. Both tacit and explicit knowledge are
important, and the conversions between these two knowledge forms,
i.e. processes of internalization and externalization, play an essential
role in knowledge co-creation (Nonaka and Takeuchi, 1995; Kosonen,
2015). In knowledge co-creation processes, knowledge is transferred
across knowledge boundaries, and transformed from one context to
another, while developing a shared understanding (Carlile, 2002; Hinds
and Pfeﬀer, 2003). When stakeholders, through the use of boundary
objects such as serious game simulations, share expertise and knowledge, transparency, openness, as well as the level of collaboration increases (Hong, 2012). In order to investigate how serious games, as
boundary objects, can aﬀect knowledge co-creation processes, it is
important to go back to the results and further investigate how serious
game simulation events may facilitate and enhance the four phases of
the knowledge conversion cycle (see Fig. 2).
In the ﬁrst phase, socialization begins with a space where individuals
can share feelings, emotions and experiences. This phase requires faceto-face experiences and physical proximity to allow for direct interactions (Nonaka and Takeuchi, 1995). Looking back at the results, it can
be seen that game simulation events such as the ones organized for this
study can indeed facilitate such in-person interactions. By placing
participants in small groups and providing them with a common task,
players are stimulated to enter into a discussion within their team
members in order to proceed with the game play activities. This is
corroborated by the interaction maps as well as the survey data (in
which players ranked their collaboration with their teammates),
showing increased quantity and quality of in-person interactions over
time. Through this collective experience, and the merging of diverse
perspectives through dialogue processes that are facilitated over the
course of these simulation events, participants develop a shared understanding and mutual trust (Jakubik, 2011; Nejatian et al., 2013).
The results of this study indicate that participants developed a mutual
trust over the course of the simulation events that opened players up to
sharing personal anecdotes and past experiences with other participants
regardless of whether or not these participants had any connections or
relationships with other participants prior to the game simulation
events. For example, during the Halifax event, two retired environmental activists shared several anecdotes with fellow team members
recounting stories of their past experiences working with (and sometimes against) the city of Halifax.
Externalization refers to peer-to-peer dialogue as well as a general
sense of reﬂection about the actions taken (Nonaka and Takeuchi,
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1995). As with socialization there is clear evidence of peer-to-peer
dialogue taking place during the game simulation events as evidenced
by the interactions analysis. The survey given to teams during the game
event also allowed teams to take a breath from the game simulation to
reﬂect upon their collective decisions and actions at various intervals
throughout the game. By looking at the information from these surveys
it is found that players are aware of the strategies they are using to play
the game, as well that they are open to changing these strategies and
related actions when these are found to be ineﬀective. This type of
reﬂection and feedback (facilitated both by the game simulation as well
as the team discussions) is essential to eﬀective knowledge co-creation
(Kosonen, 2015; Medema et al., 2017). The Combination and Internalization phases, however, are more diﬃcult to achieve in the short
time period that it takes to play a game simulation such as Aqua Republica. These phases are characterized by the transformation of
knowledge into diﬀerent forms and its subsequent dissemination
(Nonaka and Takeuchi, 1995). As the game simulation events organized
for this study lasted roughly two hours, for eﬀective knowledge cocreation to take place through combination and internalization, the
length of time of these events must be increased or these game simulations must be played more often than once with participants in the
same contexts.
Although there is no explicit evidence coming from this study that
these phases took place throughout the game simulation events, it can
be conﬁdently stated that Aqua Republica (and likely serious game simulations in general) carry the potential to facilitate a space wherein
the knowledge conversion cycle can take place. This is also conﬁrmed
by a study by Nejatian et al. (2013) that speciﬁcally looks at technology
enablers of the knowledge creation processes, and the capacity of such
technology to simultaneously support communication, collaboration,
knowledge transfer, and knowledge transformation (i.e. learning).
Through game simulations such as Aqua Republica, explicit knowledge
may be communicated through virtual media, and eventually participants internalize this shared explicit knowledge into tacit knowledge
(Kosonen, 2015). With longer-term studies and further research, the use
of serious game simulations can be studied in more depth to further
enhance the diﬀerent phases of knowledge conversion cycle between
diﬀerent stakeholders in a watershed governance context in Canada and
elsewhere.
6.2. Recommendations for further research
In order to more systematically facilitate knowledge co-creation
processes that accommodate all the phases of the knowledge conversion
cycle, long-term studies will be required that look at group interactions
between stakeholders in watershed governance contexts both during as
well as after the game simulation events to assess the long-term impact
of these interventions. In order to evaluate and assess evidence of the
combination and internalization phases, which were not apparent
during the game simulation events organized as part of this study,
groups would have to play several games with each other over the
course of a 6-month or even 12-month period. This will give researchers
much more insight into the long-term impact of such events and the
related interactions, while allowing participants to become more familiar with each other and develop stronger connections. The chances
of seeing examples of combination and externalization will improve
with every game simulation event that groups play together. Players
will be able to call upon shared past experiences with each new event
while also allowing for more opportunities to share experiences,
knowledge and perspectives. Ultimately this may lead to the creation or
strengthening of stakeholder networks that extend passed the boundaries placed upon stakeholders in a watershed context by jurisdictions,
organizations or workplaces.
For further studies, it would be important to research in more detail
the design, functions and interface of the game simulation itself. The
idea of creating shared challenges between participants in a watershed

governance context may be furthered by Artiﬁcial Intelligence (AI)
generated scenarios within the game simulation itself. For example, in
Aqua Republica each team was confronted at one point in the game
with poisoned waters due to the actions of the AI controlled upstream
neighbor. These shared challenges force players to overcome social
awkwardness and deal with the tasks at hand. By facilitating this type of
rapid connection, the quality of interactions quickly improved between
players, evidenced by sharing bouts of laughter and frustration based
on the diﬀerent scenarios generated by the game. Although at the start
of the simulation, players needed time to become acquainted with each
other and the simulation, the game simulation progressively facilitates
more personal and informal interactions with many documented moments of sharing anecdotes and experiences from outside of the game.
These mutual experiences allow for players to gain a broader understanding of their teammates which further facilitating their ability to
work and solve problems together.
Finally, it is important to develop a better understanding of the role
of facilitators in enhancing interactions between participants, especially
in terms of introducing the game, facilitating game play and debrieﬁng
after each round. Debrieﬁng as deﬁned by Crookall (2010) oﬀers an
occasion for deeper reﬂection and sharing of knowledge and experiences that translate into learning opportunities. This also relates back to
the knowledge creation cycle, especially when looking at externalization which requires a commitment to ongoing reﬂection. By placing a
larger emphasis on debrieﬁng the learning opportunities from serious
games can be further increased. During the game simulation, facilitators may play a greater role in facilitating knowledge co-creation
through group discussions. Role-play elements can be added to the
events in the form of character sheets that outline the views of the
players and force participants to think from a perspective that they may
not be used to (e.g. environmentalist playing the role of big business
and vice versa).
6.3. Concluding thoughts
Although, serious game simulations have existed for quite some
time, they have only recently been studied for the ﬁeld of water resources management. This study provides clear evidence that serious
game simulations oﬀer eﬀective boundary objects that enhance the way
stakeholder interactions are organized, while also being able to aide in
crossing knowledge boundaries and facilitating the creation, transfer
and preservation of both tacit and explicit knowledge.
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