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Abstract. Serious games are increasingly used to facilitate stakeholder dis-
cussion and collaboration. Much attention is given in the game design literature
on how to choose and design a serious game’s scope, content, mechanics, and
link to reality in order to achieve the game’s intended learning outcomes. In this
paper, we focus on how a serious game’s interface and the interaction it elicits
contributes to achieving learning outcomes. We do so in the context of the
Virtual River, a serious game focused on river management. Following the
design and evaluation of a paper prototype of the Virtual River, a design
challenge arose as the highly simplified models of reality used was perceived as
a black box by non-expert participants, while expert participants perceived it as
oversimplified and unrealistic. As hydrodynamic models used in river man-
agement practice are in itself perceived by non-experts as a black box, we
decided to look for ways to simplify the interaction with such models in the
game. Here, we present a tangible user interface for the Virtual River. The
interface enables participants to get a better grip on the hydrodynamics of a river
system. The system is set up as a discussion platform where the game board and
its tangible game pieces help participants express their thoughts and ideas. We
argue that using tangible interaction in Virtual River contributes to social
learning outcomes by providing hypotheses based on literature and present how
we intend to test these hypotheses.
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1 Introduction

Serious games are increasingly explored as tools to facilitate stakeholder discussion and
collaboration in multidisciplinary settings [1-3]. Serious games are generally referred
to as games designed with a purpose other than entertainment, such as training, edu-
cating or informing players [4, 5]. More specifically towards the use of games to
facilitate discussion and collaboration in a policy-making setting, Mayer [6, p. 825]
defines serious games as “experi(m)ent(i)al, rule-based, interactive environments,
where players learn by taking actions and by experiencing their effects through feed-
back mechanisms that are deliberately built into and around the game”. By combining
role-play with in-game feedback mechanisms, such serious games provide stakeholders
with an environment to negotiate, deliberate, and exchange their perspectives on both
the problem at hand and its solution in the safe experimentation environment of a game
[6-8]. This way, stakeholders learn both about the techno-physical complexity—the
system covered in the game, including its underlying physical elements and its
uncertainties—and the socio-political complexity—the strategic interactions between
stakeholders in the policy arena [2, 6, 7].

As with any product, the design of the game is crucial to achieve its purpose. The
game’s goal, scope, content and mechanisms require careful considerations. To help
designers in this effort, various guidelines exist on how to develop (serious) games and
what design choices to consider [9—11]. These guidelines go in-depth on how to set up
the rules and content of the game, how to create a link to reality, and how to facilitate
play in order to establish intended interaction and learning outcomes. However, these
guidelines pay less attention to the interface design and how the interface can con-
tribute to achieving the specific purpose of the serious game.

In this paper, we focus on the design process of the Virtual River, a multiplayer
serious game on river management, and argue that the game’s tangible user interface
contributes to intended learning outcomes. Specifically, we are developing the tangible
user interface — an interface that provides physical forms to digital information [12, 13]
— to overcome a design challenge that arose from formative evaluation sessions of a
Virtual River paper prototype. Specifically, non-expert participants perceived the game
and its models as complex, while expert participants found the same models over-
simplified and unrealistic. The design challenge therefore relates to incorporating
hydrodynamic models, numerical models that calculate water flow, in Virtual River
while at the same time offering a way to easily and intuitively interact with these
models. In this paper, we use the case of Virtual River’s tangible user interface, in
development at the time of writing, to combine theory on tangible interaction and social
learning to discuss how tangible interaction may not only overcome the design chal-
lenge, but also enhance specific social learning outcomes of playing the game.

In Sect. 2, we further introduce river management with a particular focus on the
Netherlands and serious games in relation to river management. In Sect. 3, we present
the theoretical framework in relation to both social learning and tangible interaction. In
Sect. 4, we discuss Virtual River, including its goal, a previously developed paper
prototype and its evaluations, and the tangible user interface currently in development.
In Sect. 5, we present three hypotheses, based on literature, on how tangible interaction
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may contribute to specific learning outcomes and discuss how we intend to test these
hypotheses. Finally, in Sect. 6, we state some concluding remarks and explain our next
steps in the development and evaluation of Virtual River and its tangible user interface.

2 Background and Related Work

2.1 River Management

Rivers are in many ways important to society, from providing a source of water to
channels for shipping to habitats for animals and plants. At the same time, rivers can
also pose a threat to society as rivers are prone to flooding. Therefore, rivers, especially
in low-lying countries, are nowadays actively and carefully managed. However, river
management issues are generally multi-scale [14, 15], concern inherent uncertainties
[16, 17], and affect multiple stakeholders and agencies [18, 19]. Therefore, decision-
making processes need to be adaptive to deal with the uncertainties and need to include
the diversity of knowledge and values of all affected stakeholders. To this end, scholars
have advocated active experimentation and continuous evaluation, summarized as
learning-by-doing, in natural resources management and in river basin management
specifically [20-23].

In the Netherlands, a country known for its continuous combat with water, the main
priority in river management is flood safety; protecting the hinterland from flooding.
The historic approach has been the construction and reinforcement of dikes, but a
recent paradigm shift has changed the approach from protection to include resilience by
applying intervention measures that create space for water [24-26]. Examples of such
space creating measures include side channels, i.e. secondary river channels in the
rivers’ floodplains, or moving a dike further away from the river to increase the size of
the floodplain. While the paradigm shift still holds flood safety as the most important
priority, it also focuses on nature restoration efforts along the Dutch rivers. The
paradigm shift has therefore also introduced new stakeholders to Dutch river man-
agement [18, 19]. However, Dutch river management is predominantly expert- and
model-driven. Water managers rely on complex hydrodynamic models to estimate how
the river will react to certain intervention measures. The tools used by water managers
are perceived as black boxes to stakeholders from non-water backgrounds [27]. In such
a setting, serious games could serve as boundary objects; shared objects that may serve
as references in discussions and that ‘are both adaptable to different viewpoints and
robust enough to maintain identity across them’ [28, p. 387]. In other words, a serious
game—through its interaction design, its physical or abstract representation of reality,
and its rules—integrates scientific and political worlds into a shared object in a way that
is recognizable yet interpretable by all stakeholders in order to serve as a reference for
discussion [8, 29].

2.2 Serious Gaming in River Management

Serious games that integrate scientific and political worlds are increasingly finding their
way in the water domain [2, 30-32]. In relation to river management specifically, there



How a Tangible User Interface Contributes to Desired Learning Outcomes 291

are a number of examples of serious gaming approaches to facilitate stakeholder dis-
cussion and collaboration [33-40]. For example, Stefanska, Magnuszewski [34]
describe the Floodplain Management Game, where players play the roles of farmers,
local authorities, or water boards in a small area in the river basin each with their own
objectives, such as profit, biodiversity, and control of water flow, often conflicting with
those of others. This way, players explore technical problem-solving as well as rela-
tional issues. Valkering, van der Brugge [35] developed the Sustainable Delta Game in
which players are given the objective to develop collective strategies to limit the
probability of both floods and droughts from occurring. As a higher level goal, players
learn about the complex interactions between river management, climate change and
changes in society. Douven, Mul [40] developed the Shariva game in which players
have to make trade-offs between hydropower production in upstream areas and agri-
cultural development in downstream areas. The objective of the Shariva game is to
create awareness, to upgrade knowledge, and to design procedures for cooperation in
transboundary river basins among water and related professionals.

While these serious games all cover different scopes and learning objectives, they
have in common that they provide stakeholders with a means to collaboratively explore
both the problem at hand and its solution. In doing so, stakeholders learn about how a
river system functions, how management decisions affect certain key performance
indicators, and how decisions lead to trade-offs between these indicators—the techno-
physical complexity—as well as how other stakeholders look at the problem, how
stakeholders prefer to address the problem, and how stakeholders might be willing to
compromise—the socio-political complexity.

3 Theoretical Framework

3.1 Social Learning

Serious games—particularly the multiplayer and multi-role serious games following
the definition by Mayer [6]—are recognized to offer the necessary collaborative and
participative interactions needed to establish social learning [3, 30]. Social learning is
considered to be a normative goals and prominent driver to manage natural systems in
natural resources management [21, 41-43]. Scholars have yet to find a commonly
shared definition for social learning (see [23, 41, 44, 45]), but scholars do share the
view that social learning has occurred when a change in understanding is achieved
through interaction in collaborative and participatory settings [41, 42, 44, 46, 47].
Collaborative and deliberative interactions between stakeholders are required to
achieve social learning, which should ultimately lead to collective action [45, 46, 48].
Changes in understanding may relate to the natural system that is managed, the
problem that is addressed, or agreement on either the problem or its solution. Therefore,
social learning outcomes relate to the techno-physical complexity of the system, the
socio-political complexity, or both. To differentiate between these different forms of
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social learning, Baird, Plummer [47] offers a typology that contains three types of
learning outcomes:

e cognitive, acquisition of new or restructuring of existing knowledge;

e normative, changes in norms, values or paradigms, as well as convergence of group
opinion; and

e relational, improved understanding of others’ mind-sets, building relationships, and
enhancing trust and cooperation with others

The typology is beneficial as it separates social learning outcomes by their nature—
cognitive, normative or relational—as opposed to their perceived value—Ilearning may
in fact have a negative effect on taking collective action. Moreover, the typology
recognizes relational learning as a separate, explicit learning outcome, which is of
particular importance to the multi-stakeholder setting found in river management and
learning about its socio-political complexity. We therefore used the typology by Baird,
Plummer [47] to distinguish between learning outcomes in connection to the literature
on tangible interaction.

3.2 Tangible Interaction

Tangible interaction is a theoretically informed interaction design framework that
combines physical object manipulation and digitally controlled interactive behavior
[12, 13]. As a response to the increasing digitalization of everyday life, tangible
interaction starts from the point of view that human beings have evolved to deal with
the physical world and that physical objects as a result have a specific cognitive,
affective, and social interaction quality. This quality may easily get lost in the transition
to purely graphical (screen-based) interfaces [49]. In response, tangible interaction
proposes to combine the familiar physical and social world with the digital world in a
way that preserves the desired properties of each and that achieves a seemingly “nat-
ural” human-computer interaction [50]. A tangible user interface can therefore be
defined as an interface that provides physical forms to digital information [12]. Known
examples of tangible user interfaces include the reacTable, a musical instrument where
users can caress, rotate, and move physical objects on a tabletop surface to create music
[51], and Illuminating Clay, where users apply landscape analysis directly by manip-
ulating the clay model of a landscape [52].

Previous research suggests that tangible user interfaces offer qualities to facilitate
learning and collaboration (see e.g. [53, 54] for more elaborate overviews), both of
particular interest to the design of a serious game. Firstly, by using physical objects as
part of the interface’s interaction invites hands-on engagement [55-59], providing users
with tools to engage in new ways of thinking [60]. Secondly, a tangible user interface
invites trial-and-error behavior [61] and experiential learning through exploration,
discovery, and reflection [56, 57, 62]. Thirdly, from the perspective of cognition, by
using physical objects as external representations eases problem solving as processing
the representations does not have to be done in mind, but can simply be inspected in the
world [63], aiding users to grasp abstract concepts through the interaction with physical
objects [64—66]. Lastly, tangible user interfaces also enable users to engage in
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collaborative activities [13, 62, 67] — a prerequisite to social learning — by offering a
multi-user interface where control is shared [59, 61] and making the actions and
activities of other users visible [68, 69]. Specifically, the social-collaborative value of
tangible interaction has been emphasized since its initial formulation (see [70]),
focusing on how users working with tangible objects in social settings may contribute
to creating a shared understanding of the problem at hand [71].

4 Virtual River

As part of the RiverCare research programme [72], we are developing the Virtual
River, a multiplayer serious game, which aims for players to experience how the river
system functions and what the implications of different management choices and
interventions are. In addition, we are particularly focusing on facilitating stakeholders
to exchange perspectives following previous research that analyzed the different per-
spectives held and used by river management stakeholders in decision-making [27]. By
playing the Virtual River, players learn about the socio-political complexity as they
engage in active collaborations and negotiations with other players playing different
river management roles. On the techno-physical complexity, players learn about how
management measures affect the system and how such measures impact indicators like
flood safety, biodiversity, and costs. Moreover, players learn about the trade-offs that
measures present between these indicators.

4.1 Initial Game Design and Paper Prototype

In the Virtual River game, players are given specific roles and tasked to manage a
typical Dutch river stretch in turns representing time steps of five years each. Each
player role has its own goal, its own budget, and a special rule it can use throughout the
game. Players have to make decisions collectively on the whole game area as well as
individually on floodplain areas they own. Management interventions for the whole
area include applying spatial measures such as creating side-channels or reinforcing
dikes. Both these choices increase the discharge capacity of the river stretch, positively
contributing to the indicator of flood safety. Spatial measures generally have the added
benefit of positively contributing to the indicator of biodiversity. However, to increase
the same discharge capacity, spatial measures generally cost more than dike rein-
forcement—and players need to reach an agreement on how to share the costs either
way—and spatial measures need to be constructed on floodplain land owned by
players.

Management choices for the floodplain areas relate to how individual players
manage the land under their control. For the flood safety indicator, the best option
would be to turn all floodplain areas to grass—which has low hydraulic resistance and
therefore leads to a high river discharge capacity—and performing active maintenance
—in the case of grass, mowing and making sure no other type of vegetation starts to
grow. However, for the biodiversity indicator, floodplains with mixed vegetation—
including grass, bushes, and trees—that is allowed to grow and develop offers a much
wider variety of plant species and a much richer habitat for animals.
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Fig. 1. Paper prototype impression with the main game board on the left with a river stretch,
game score indicators on the right, and a role card on the left bottom.

Whereas the nature manager, a role in the game, prefers to stimulate the latter, the
water manager could be opposed to such arrangements when flood safety is at stake.
Therefore, the water manager has a special rule that says that it can enforce other
participants to lower hydraulic resistance—basically, remove vegetation like trees and
bushes—on their lands whenever flood safety is at stake, a rule that corresponds to
reality in terms of the Dutch Public Works Authority’s powers.

In a previous design iteration, we developed a board game prototype of the Virtual
River to evaluate its scope, game indicators, and initial rules and roles [73] (Fig. 1).
Formative evaluations showed that participants found the game engaging and
insightful, and that players understood the link to reality. However, participants, in
particular non-expert participants, found the game complex and perceived the game’s
models—calculations on the flood safety, biodiversity, and costs indicators and how
players were scored on these—as a black box. This prevented these participants from
gaining the techno-physical insights into how a river system functions and responds to
changes. However, expert participants questioned the realism of the models behind the
paper prototype, finding these instead to be oversimplified and unrealistic.

4.2 Tangible User Interface

Following the formative evaluations of the paper prototype, our focus for the design
and further development of Virtual River shifted from addressing the gap in complexity
perception between participants to lowering or helping to navigate the game’s com-
plexity and removing the perceived black box. Simultaneously, we aimed to increase
the link to reality and real-world models. On the one hand, although the paper pro-
totype used a highly simplified cause-effect model for the hydrodynamics of the game,
non-expert participants already perceived it as complex and as a black box. On the
other hand, experts participants questioned the realism of the model as oversimplified.
Simply incorporating a more elaborate model in the next iteration of Virtual River
could help solve the latter, but not the first. Moreover, hydrodynamic models are in
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itself perceived as a black box by non-experts. Therefore, we decided to look for ways
to simplify the interaction with hydrodynamic models. To address this design chal-
lenge, we looked to tangible interaction and are currently developing a tangible user
interface where players are provided with a physical representation of a river stretch
that players can alter to directly manipulate a hydrodynamic model.

< Beamer
& Kinect

Intractable
& flexible*

Fig. 2. SandBox setup and interface (photo from [74]). The SandBox uses a Kinect to measure
the geometry of the sand, representing a river stretch. Molding the sand into a new shape changes
the schematization used by the hydrodynamic model and a beamer projects the model’s output
back on the box of sand.
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As a basis for the interface, we are using an existing framework called the Sand-
Box, an augmented reality collaborative modeling tool [74]. Inspired by the LakeViz
project [75], the SandBox consists of a box of sand, a color and depth camera (RGBD,
Kinect), the relevant hydrodynamic model, and a projector (Fig. 2). The sand can be
molded by end users to design a river. The sand is measured by the RGBD camera.
This information is used to change the schematization (the geometry of the river
stretch) of the numerical model. Delft3D Flexible Mesh, a 1D, 2D, 3D hydrodynamic
model, is used in this study for rivers, but other models that use the Basic Model
Interface [76] are also supported. The model results are visualized on the sand using the
projector. The SandBox adds an easy to use interface to real world engineering models
and has shown to invite users to experiment and, through trial and error, experience
how a hydrodynamic model works and generate understanding of how a river system
functions. In a group setting, the SandBox has contributed to enhanced communication
between stakeholders.

For the Virtual River, we replaced the sand with game pieces of different heights on
a hexagonal grid. We took this approach to retain the full benefit of the
SandBox framework, while adding structure that limits the amount of options for
players to consider in order to make it suitable for gameplay. In our approach, we are

Fig. 3. Game board impression with (a) an initial river basin, in a typical Dutch layout, and
elevation projection; (b) game board after the construction of a side-channel, a secondary channel
next to the main river channel; (c) game board after constructing a longitudinal training dam, a
dam constructed in the main river in parallel to the water flow; and (d) game board after a dike
relocation, moving a dike away from the river to increase the size of the floodplains. Water flow
is not included in this impression.
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transforming the board from the paper prototype into a 3D game board, where the
shape of the game board, based on hexagon game pieces of different heights, corre-
spond to the geometrical shape of a river stretch. The geometrical shape is used as input
for a hydrodynamic model and the output of the hydrodynamic model is projected back
on the 3D game board (see Fig. 3 for an impression).

To address calibration issues with the Kinect—and to eliminate the possibility of
having to recalibrate it during a game session—we developed an alternative method to
detect the game pieces on the board based on markers and image processing. Specif-
ically, we constructed the game board on a transparent underlayer and attached colored
markers to the bottom of all game pieces. There are two types of game pieces:
(1) geometry pieces, different heights of hexagon shaped pieces assigned red markers;
and (2) land use pieces, different flat pieces representing different land use that fit on
top of the geometry pieces assigned blue markers (Fig. 4). A photograph is taken from
beneath the game board and a Python script subsequently calibrates the picture to detect
the correct positions of all hexagon grid cells and analyzes the amount of both red and
blue markers of game pieces at each grid cell location (Fig. 5).

Tes

Fig. 4. The geometry and land use type of game pieces (a), which combined (b) make up the
position of one cell.

\

a

):
- Cell ID (1-143)
- Height (0-4)
- Land use (0-9)

a

Fig. 5. (a) Game board with pieces and markers as seen from below. Four red markers indicates
that a geometry piece of four levels high is positioned in the grid cell. The four white circles are
used for calibration; and (b) possible output of the detection script. (Color figure online)
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We are currently developing a prototype for the Virtual River’s tangible user
interface (Fig. 6). At the time of writing, the physical part of prototype is built and we
are in the processes of calibrating and refining the detection script as well as the link to
the SandBox framework. As can be seen in Fig. 6, all game pieces are only primed
with a grey color and although the geometry pieces can be identified by their actual
height, we do plan to see if using a greyscale gradient, where a specific color value
between white and grey corresponds to a specific height, can be used to help identi-
fication. We intend to test if using different color values do not interfere with the
projected visualizations. The land use pieces are not yet identifiable in Fig. 6, these are
all flat surfaces. We plan to add icons to match different land uses, for example a tree to
represent a forest and a building to represent built environment. These icons could be
flat using physical shapes or stickers. Our preference is the first, as physical shapes add
concrete representations, in line with our approach of using tangible interaction, as well
as help players to more easily grab and move pieces on the board. However, this
similarly requires testing whether this interferes, or does not interfere with the projected
visualizations as well as the icons remain, or do not remain, identifiable under the
projection.

Fig. 6. Game board prototype with (a) the empty board showing the grid and transparent
underlayer; and (b) a filled board with game pieces that combined form the geometry of a river
stretch.

To summarize, the Virtual River’s tangible user interface provides players with a
shared gaming environment where players directly interact with a hydrodynamic model
by changing the arrangement of game pieces. For example, by replacing higher
geometry pieces with lower ones—basically excavating the area—increases the dis-
charge capacity of game area by creating more floodplain areas, effectively creating
space for water. By changing land use pieces that have high hydraulic resistance—
therefore limiting water flow—with pieces with low resistance similarly increases
discharge capacity. Based on the arrangement of game pieces as input, the hydrody-
namic model is updated and the resulting output in the form of water flow is projected
back on the game board, providing players with instant feedback on their actions.
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5 Discussion

Tangible user interfaces have been applied in other tabletop (serious) game settings.
Bakker, Vorstenbosch [77] developed Weathergods, a game where players try to earn
the favor of weather gods in order to make it rain and save the player’s village harvest.
Weathergods uses a digital surface in combination with tangible game pieces, physical
representations of for example players’ avatars, that can be moved between different
board positions. Speelpenning, Antle [78] developed physical objects as tangible
controllers for the serious game Futura, a serious game where players experience the
complexity of planning for a sustainable future. In their approach, players use physical
magnifying glasses to open visualization layers in the game that provide players with
additional information. Inspired by The Incredible Machine, Leitner, Haller [79]
developed the IncreTable where players solve puzzles by combining physical and
virtual game pieces. The IncreTable allows users to combine and connect for example
physical domino stones with virtual ones. All these applications use a digital surface as
a game board in combination with tangible objects. In our approach, the game board
itself is formed by physical objects that serve as both the control of the hydrodynamic
model and the representation of the river stretch. The approach follows the tangible
user interface as an interactive surface genre as explained by Ishii [12], which focuses
on supporting collaborative design and simulation.

In the next subsections, we discuss the benefits of the tangible user interface for
Virtual River from the perspective of social learning by presenting hypotheses in
relation to the three types of social learning outcomes: cognitive, normative, and
relational learning (see Sect. 3.1 and [47]). Specifically, the hypotheses are presented
from the perspective of the Virtual River’s tangible interface, they are provided with
arguments from literature on tangible interaction, and they are discussed in terms of
intended assessment. The latter is based on earlier work that analyzed the different
approaches used to evaluate social learning outcomes [80].

Hypothesis 1: The Virtual River’s Tangible User Interface Enables Players to Gain an
Increased Understanding of How a River System Functions

The first hypothesis relates to cognitive learning, which covers the acquisition of new
knowledge and the restructuring of existing knowledge. The hypothesis also relates
directly to our design challenge to incorporate realistic hydrodynamic models in the
Virtual River while at the same time offer easy and intuitive interactions with hydro-
dynamic models. To address the design challenge, we expect that especially non-expert
players learn about how hydrodynamic models work and, therefore, how the river
system functions. Furthermore we expect that, from the perspective of cognition, the
tangible user interface using a physical representation of a river stretch helps players to
gain the increased system understanding. This is as part of the information needed
during gameplay is not ‘kept in mind’, but can simply be inspected in the world, what
Don Norman famously called ‘knowledge in the world’ [81]. Furthermore, knowledge
in the world allows for ‘epistemic action’. Players can use their embodied skills to
manipulate the information in the environment, the game board itself, and can use their
visual pattern recognition routines to inspect the result — the visualized projection —
which together assists in making inferences. Instead of heavy mental gymnastics,
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players can reorganize the world and then simply ‘see’ the answer to a problem before
them [82]. In other words, in line with the tradition of Distributed Cognition [83], using
tangible interaction allows players to ‘offload’ information into the physical structure of
the local environment, releasing the brain of work and making thinking easier [84].

We intend to test this hypothesis by first applying pre- and post-game knowledge
measurements, including knowledge on hydrodynamic models. In addition, we intend
to compare individual pre- and post-measurements with video recordings of game
sessions to observe if the use of the tangible user interface contributed to differences in
measurements. Open questions could furthermore be asked directly to players in
interviews or questionnaires after game sessions to gain additional qualitive insights
into how the tangible user interface enabled learning about the functioning of a river
system.

Hypothesis 2: Using a Tangible User Interface in Virtual River Aids Players in
Understanding Each Other’s Perspectives

The second hypotheses relates to relational learning, which covers understanding
others’ mind-sets, building relationships, and enhancing trust and cooperation with
others. In general, providing players with a shared environment where players engage
in collaboration and negotiation creates a setting where players exchange views and
opinions. Following the ethnomethodological tradition in sociology [85], the use of
tangible objects to express our thoughts makes these thoughts become public. There-
fore, we speculate that allowing players to literally see another player think by how
they are manipulating the game board, i.e. representing that thought process, provides
players with a platform that helps them observe the point of view of others and
empathize with it [49, 70]. Moreover, we speculate that these insights could contribute
to the converging of group opinion, associated with normative learning, as players may
also intervene while observing others, which leads to a shared process of manipulating
objects: a collaborative process of sensemaking [70, 71]. Therefore, collaboratively
negotiating on how to best structure the physical pieces on the game board may help to
not just align the pieces as such, but also to align the different perspectives of the
players [86, 87].

To test this hypothesis, we intend to ask players self-reflective questions on what
they learned about the perspectives of others after game sessions in either question-
naires or individual interviews. In addition, game session recordings can be analyzed
and observations can be compared to the players’ answers to these questions.

Hypothesis 3: Using a Tangible User Interface in Virtual River Contributes to Players
Building Relationships and Trust

The third hypothesis relates to relational learning as well. While the literature
acknowledges that using tangible objects may create a shared understanding of the
problem at hand [71], people engaging in collaborative efforts in itself creates a
dimension of relationship building and trust formation. Moreover, as Van Dijk and Van
der Lugt [87] showed, working together in a physical space helps people to interact
nonverbally—look each other in the eye, ‘open up’ to the other by turning the body,
gesture to another to take their turn, and so on. Looking at the same screen together—
even if it is a large projection—tends to focus attention to the information on the
screen, and away from the actual people using that information and being together in a
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social situation. While the tangible interaction literature has not often emphasized this
aspect, we speculate that in the present context having a tangible river setting that
people can stand around, work with, and point to could in this way help building
relationship and trust.

We intend to test this hypothesis by applying interaction analysis [88] to recordings
of game sessions to analyze both interaction between players as well as between
players and the interface. This approach could be complemented with follow-up
interviews some time after game sessions to gain insights into if any relationship
building led to any cooperation.

6 Concluding Remarks and Next Steps

We are developing a tangible user interface for the Virtual River, a serious game that
aims for players to experience how the river system functions and what the implications
of different management choices are. In particular, we discussed why we looked to
tangible interaction as a way to overcome the design challenge to incorporate hydro-
dynamic models in Virtual River while providing players with an easy to use interface
to manipulate these models. Moreover, we applied a theoretical perspective on why
tangible interaction offers benefits from the perspective of Virtual River’s learning
objectives, captured in three hypotheses. Firstly, we speculate that the Virtual River’s
tangible user interface contributes to cognitive learning outcomes as it enables players
to gain an increased understanding of how a river system functions (hypothesis 1).
Specifically, the tangible user interface provides players what an tool to directly
manipulate a hydrodynamic model and see the results. At the same time, by using
physical representations, the tangible user interface enables players to inspect infor-
mation ‘in the world’, releasing the brain of work and making thinking easier. Sec-
ondly, we further speculate that Virtual River’s tangible user interface contributes to
relational learning outcomes as it aids players in understanding each other’s perspec-
tives (hypothesis 2). By manipulating the physical game board, players make their
though process explicit and other players may be able to observe their point of view
and empathize with it. Lastly, we speculate that that Virtual River’s tangible user
interface contributes to players building relationships and trust (hypothesis 3).
Specifically, offering a physical board to stand around, work with, and point to over a
screen-based interface may be beneficial to building relationship and trust.

As next steps, we plan to first operationalize the whole interface, including
developing and testing representations, icons in either physical or sticker form, for the
land use of each game tile. From there, we intend to first run game sessions as for-
mative evaluations; does the game design achieve its design goal and does the interface
design effectively overcome the design challenge. Afterwards we intend to hold
summative game evaluation sessions that focus on evaluating social learning outcomes
of playing Virtual River as well as evaluating how tangible interaction contributes to
these outcomes.
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