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Abstract. In this paper, we describe a system that integrates phys-
ical worlds (physical cities) and virtual worlds (digital cities), and its
applications to supporting group learning. We have so far constructed
several systems for supporting collaborative learning. One of the aims of
CSCL (Computer-Supported Collaborative Learning) is to promote mu-
tual learning through interactions and discussions among learners. Qur
previous experiments, however, have shown that these systems may not
be so effective for supporting interactions and discussions at times. In
order to enhance interactions further, a system should support external-
ization of each learner in an easily recognizable manner. Through such
externalization, learners can actively collaborate or conflict with each
other through discussions.

The proposed system integrates a board game and a computer simula-
tion, is used for studying urban planning and environmental problems.
Each learner externalizes and represents his/her own ideas on a board
game, which allows him /her to actively participate in a learning situation
and to share the representations with other learners. The computer sim-
ulation calculates and visualizes the status of the city being constructed
on the board game, in terms of air pollution, water pollution, etc..
Thirty fifth-grade pupils who had studied environmental problems in
school participated in the experiments. The experiments showed that
our system is effective for enhancing interactions, activating discussions,
and raises learners’ engagement.

1 Introduction

In this paper, we describe a system that integrates physical worlds (physical
cities) and virtual worlds (digital cities), and its applications to supporting group
learning. We have so far constructed several systems for supporting collabora-
tive learning [7][8]. One of the aims of CSCL (Computer-Supported Collaborative
Learning) [6] is to promote mutual learning through interactions and discussions



among learners. Qur previous experiments, however, have shown that these sys-
tems may not be so effective for supporting interactions and discussions at times
[8]. In order to enhance interactions fuither, a system should support external-
ization of each learner in an easily recognizable manner. Through such exter-
nalization, learners can actively collaborate or conflict with each other through
discussions.

The proposed system integrates a board game (physical world) and a com-
puter simulation (virtual world) [1][14], and is used for studying urban planning
and environmental problems. Each learner externalizes and represents his/her
own ideas on a board game, which allows him/her to actively participate in
a learning situation and to share the representations with other learners. The
board game is composed of a checkerboard, game pieces (“houses”, “factories”,
and “trees”), and geographic objects (“mountains”, “rivers” and other similar
elements of nature). The computer simulation calculates and visualizes the sta-
tus of the city being constructed on the board game, in terms of air pollution,
water pollution, etc.. In order to link between the board game and the computer
simulation, Radio Frequency Identification (RFID), which is one of the object
identification and data transfer technologies, is used. Tags and readers are em-
bedded in pieces and a board, respectively, and the computer simulation can
automatically recognize arrangements of pieces on the board.

When learners use the system, they first set up a board by arranging geo-
graphic objects in order to construct a city resembling their own. Each learner
puts a piece on the board in turn. When he/she completes his/her move, the
computer simulation visualizes the current and future status of the city. After
reviewing simulation results, the learner considers what move to play next. For
example, if he/she has noticed that air pollution will be a problem in future,
he/she may change his/her initial idea and place a “forest” piece. Finally, when
the design of the city is complete or time has run out, the computer simulation
diagnoses the design of the city and points out planning problems.

Thirty fifth-grade pupils who had studied environmental problems in school
participated in the experiments. The experiments showed that physical worlds
(physical cities) on the board game are useful for enhancing interactions among
learners, and virtual worlds (digital cities) in the computer simulation provide
effective stimuli and feedback for learners’ further interactions, such as their
collaborations and conflicts. Consequently, our system could activate learners’
discussions and raise learners’ engagement [11]. The integration of the board
game and the computer simulation was also successful in that both were used
smoothly by the pupils. During post-experiment interviews it was determined
that the usage of the system was not difficult, and was enjoyable (most of the
pupils stated that they would like to play the game again).

This paper is organized as follows: In Sec. 2, the underlying philosophies and
theoretical backgrounds of this work are described. In Sec. 3, the configurations of
the proposed system are shown. Section 4 gives the experiments and evaluations
with the system. Section 5 concludes the paper.



2 Backgrounds

2.1 Failure of Group Learning

Use of computers in today’s school education has come to a transitional phase.
While there is a possibility that the potential through using computers may
be utilized in education, some are concerned that it may not go beyond mere
information exchange [13]. Conventionally, in school education, computers were
used by pupils for their individual studies, but now there is a new issue as to
how to make full use of computers in a group learning environment. Devoted
school teachers respond rather negatively to the importance of “learning from
each other” in future education and the idea of collaborative learning supported
by a computer. They know full well that the conventional “group” learning
method aiming at “learning from each other” did not work and strongly feel
that “individual learning” of each pupil should be more emphasized. Group
learning failed because children tend to yield to the judgement or “authority”
of the group in such an environment and end up “leaving matters to others”,
“following others blindly”, “reinforcing confusion”, “causing inefficiency” and
“allowing high-handed behavior of a strongman”, all of which are harmful effects
that are likely to occur in group decision making [5] .

2.2 For Effective Support of Interactions

For Supporting Information within a Group In group learning, individual
members may not speak or take action with each other. As a result, they may
“leave matters to others” and allow “high-handed behavior of a strongman”. It
is known that interactions among pupils does not increase as much as expected
when computers are simply applied to school education [7] [8]. This is mainly
because, among other reasons, uneven knowledge levels of individual learners
are not taken into consideration in a typical group learning situation and there
are differences in their ability to externalize thinking. In previous studies, we
had tried to overcome difficulties caused by learners’ uneven knowledge levels
through active discussions and interactions induced by using computers with the
view to deepening their understanding of problems and enhancing the effect of
learning. This time, we developed a mechanism for facilitating externalization
of thinking for any knowledge levels or persons with “heterogeneous” knowledge
and designed a system that would increase interactions by focusing on the un-
evenness. At the same time, we incorporated games in the system [4] so that even
those who are not good at externalizing their thinking can participate without
feeling inept.

To maintain vigorous interactions among learners with different knowledge
levels, it is necessary to keep them from focusing on the difference or comparison
of each other’s knowledge. This can be achieved when learners are directly in-
volved with the authenticity of the subject instead of showing off their knowledge.
In other words, it is effective when “the contents for learning are authentic”. If
the subject is authentic and can be represented in different ways, children feel



free to reveal their own perceptions because others would take them as unique
views. This allows children to exchange opinions on equal terms. Background
knowledge or accumulation of past “studies” barely matters in such a situation.

Using Experience as a Base To make contents authentic, it is necessary that
the subject is linked with activities in a specific experience (real experience of
the outside world away from a computer). Such an experience must lead learners
to an “intellectual quest”, which should be deepened through the support of
others. To allow this, the experience should be related to something that is
practiced publicly in the culture or society and learners should be able to see
that. They should be able to realize that it is not just a “fiction” or “something
that happens in a book (or computer)”. In addition, the contents should be
such that allows verification of the validity of learners’ views or conclusions and
withstands examination from different viewpoints. In other words, the contents
should indicate a trajectory of participation in the culture and community from
marginal to full participation and allow access to full participation [9].

Diversifying and Activating Externalization of Thinking To facilitate
externalization of thinking in spite of different knowledge levels among learners,
the contents must be such that can incorporate a context of activities in which
learners play the “lead”. There should be a story which makes learners feel as if
they are doing things as a character. That is why there is a possibility that educa-
tional software which incorporates “games” works effectively. The “game” factor
provokes moderate competition among learners, but study would not progress
if the contents are nothing but fun. It is necessary to help establish a com-
mon objective among learners to work together and reach shared understanding
while maintaining competition and support the process of their collaboration in
spite of confrontation and conflict. Children should be able to understand the
frameworks of others’ thinking through playing a game and change their own
frameworks based on what they learned. It is also important that children learn
to collaborate through vigorous interactions and define conflicting points.

The contents should thus be able to reflect learners’ thinking, close to their
interests, but not just fun. Even though learners start with playing a game and
are motivated through the “entertainment factor” in the beginning, they should
gradually be motivated by the challenge of “participation” in the activities which
are connected to real science or culture. “Non-consensus-forming collaborative
learning” is achieved here—children overcome “power scheme” resulting from dif-
ferent knowledge levels, foster camaraderie (in playing a game) and learn in a
collaborative manner while they continue to appreciate each other’s differences.
The most important thing is that the partners with whom children interact in
playing a game are real people that exist in reality and that children “can learn
from each other because of different views” through such interactions with the
“real people” because it does not involve power struggle or emotional conflict.



2.3 Physical and Digital Cities for Supporting Group Learning

Based on the discussions in this section, we claim that the integration of physical
and virtual worlds (physical and digital cities in this work) provides a novel way
of supporting group learning. Through the collaborative construction of physical
cities on the board game, learners can externalize their own ideas, interact with
each other, and actively participate in a learning situation. Digital cities in the
computer simulation not only provide learners with effective feedback for their
further thinking, but also enables learners to try a “what if game”, such as “if a
factory piece is placed, how this city will be in the future?”. Qur system deals
with authentic contents (urban planning and environment problems), which are
critical and open problems in our society, and therefore, necessary to find a
solution through collaborations, conflicts and negotiations with others.

The effects of the system described here are due to the integration of physical
and virtual worlds, not to either of them. We believe that digital cities linked
with physical cities provides learners with a new environment for group learning.

Fig.1. A board game that supports the learning of urban planning and environmental
problems



3 Configurations of the System

In this section, we describe the configurations of the system: its components
(Sec. 3.1), the technology for integrating physical and virtual worlds (Sec. 3.2)
and usage of the system (Sec. 3.3).

3.1 Components of the System

Figure 1 shows an overview of the system. Components of the system are a board
game, scenario cards, and a computer simulation. The board game consists of a
checkerboard, game pieces, and geographic objects. The checkerboard has 20x 24
squares (its size can be changeable), each of which is three centimeter square.
There are three kinds of game pieces: “houses”, “factories”, and “trees”. One
game piece is put in one square on the checkerboard. Geographic objects include
“mountains”, “rivers”, and other similar elements of nature. These objects are
arranged on the checkerboard by learners in order to construct a city resembling
their own.

Fig. 2. An example of scenario cards

Scenario cards give learners a certain direction or contextual message re-
garding their learning situation. Figure 2 shows an example of these cards with
messages such as “You cannot build a house next to a factory”, “You should be
careful of the increase in air pollution in.your city”. Before putting a game piece



on a board, a learner must draw a card. Based on its written message, a learner
confirms the status of the city through the board and a computer simulation,
and talks about his/her next action with other learners. The cards, therefore,
enhance learners’ reflections and promote their paying attention to the board,
computer simulation, and other learners.

An example image of a computer simulation is shown in Fig. 3. When a
learner completes his/her action, a computer simulation recognizes the arrange-
ments of game pieces on the board and calculates future status of a city. In
the simulation model, eight parameters related to a city’s environment (amount
of carbon/nitrogen/sulfur-dioxide discharged by factories, population of a city
etc.) are considered. The status of city’s air, water and soil pollution are an-
thropomorphically visualized in the upper left of Fig. 3, as this makes it easier
for learners to relate to the simulation. When a serious environmental problem
happens, the simulation not only changes its visualization (i.e., changes the ex-
pressions of each object in the figure), but also shows a textual message, such
as “the air is heavily polluted” in the center of the image.

3.2 Integration of Physical and Virtual Worlds

In order to integrate a board game and a computer simulation, the radio fre-
quency identification (RFID) system [12] is used. RFID is a non-contact object
identification and data transfer technology. The RFID system consists of two
components: an antenna (with a transceiver and decoder) and a tag (Fig. 4). An
antenna emits radio signals to activate a tag, and reads/writes data to the tag
in an electromagnetic field produced by the antenna. An antenna combined with
the transceiver and decoder is called a reader. It decodes data encoded in a tag’s
integrated circuit (IC) and passes the data to an attached personal computer.

Tags and readers are embedded in game pieces and a checkerboard, respec-
tively. In our current implementation, one reader is embedded in each square
on the checkerboard, and one CPU is attached to every 4 x 4 squares as shown
in Fig. 5. When a computer simulation starts the detection of the arrangement
of game pieces on the checkerboard, it first sends a read-command to all the
CPU’s. Then, each CPU sequentially activates and controls 16 antennas on 4 x 4
squares, so that each of them activates a tag and reads its data. Finally, the
computer simulation receives data of tags from the CPU’s.

Due to the limitation of the current RFID technology, the data transmis-
sion speed between a reader and a tag is not so fast. This may cause serious
communication delays when the size of a checkerboard becomes large. The con-
figuration of the board described here, however, makes the communication time
theoretically independent of the size of the checkerboard®. This is an important
feature to enable learners to expand the board and construct a large scale city.

* It takes within 0.5 second to gain information on arrangements of game pieces.



3.3 Usage of the System

When learners use the system, they sit around a board, set it up by arranging
geographic objects. The first learner draws a card and puts a game piece on
the board by following the direction of the card. Each learner does the same
in turn. Every time a learner completes his/her move, the computer simulation
recognizes the arrangement of game pieces on the board, calculates the future
status of the city, and visualizes it.

Fig. 3. An example of a computer simulation which visualizes future status of a city
being constructed

After reviewing the simulation results, the learner can change his/her move
and put a different piece on a different place. For example, a learner, who first has
put a “factory” piece, has found that air pollution will be a serious problem in



future, he/she may change his/her initial idea and puts a “tree” piece. Finally,
when the design of the city is complete or time has run out, the computer
simulation diagnoses the design of the city and points out planning problems.

Fig.4. An antenna (left) and a tag (right)

The integration of physical (a city on the board game) and virtual (a city in a
computer simulation) worlds can enhance interactions among learners and their
own reflections. All the learners can actively participate in the design of a city
through interacting with artifacts, such as putting game pieces. Therefore, each
learner can be an active designer, not a passive learner [2][3]. The computer sim-
ulation returns effective feedback to a learner’s action, which stimulate his/her
further thinking and discussions among learners, for example, why his/her action
causes air pollution and what he/she should do next. The learning environment
provided by the system allows learners to share their action space with each
other, and freely come and go between physical and virtual worlds. This raises
learners’ engagements [11] and promotes learners’ active collaborations and con-
flicts. "

4 Experiments and Evaluations

4.1 Overview *

The experiments were carried out in a Japanese public elementary school
located in Yokohama city in Kanagawa prefecture. Thirty fifth-grade pupils who
had studied environmental problems in school were divided into six groups of
five. Due to the time limit of one school period, we carried out the experiments
over three days. Each experiment lasted twenty minutes.
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Fig.5. An arrangement of antennas and CPU’s on a game board

Before starting the experiments, brief instructions, such as the usage and
rules of the system, were given to the children. Two video recorders were used
to record the experiments. One was placed in a fixed position to record the
motions and interactions of the children around a board, while the other was
used to record the expressions and actions of each children making a move, such
as placing a piece on the board. A post- experiment interview of each group was
also carried out.

4.2 Evaluation

The children did not interact very frequently in the early phase of each ex-
periment. We believe that this is because there were few pieces on a board at
these times so pieces could be placed relatively freely. As an experiment went
on, however, interactions among the children became remarkable. Every learner
read aloud what was written on a scenario card that he/she had drawn (al-
though we did not ask them to do so). In this manner, the message or direction
of the card was shared with the other children, who then discussed which piece
should be used next. Some children even offered advice of where to place a piece.
Collaboration and conflict among the children occurred regularly during these
moments.

The children also externalized their ideas at the same time. Every time a
piece was placed, all the children paid attention to the computer simulation.
The results of the simulation (improvement or deterioration of the city’s status)
excited the children and led them to further externalize their own ideas.

In our current system, the number of different pieces and rules are not large.
However, some groups tried to extend the system by creating new rules, such

s “there must be vacant land near houses or factories”, or by proposing new
pieces, such as “a park”.



Throughout the experiments, we were able to confirm that a board game can
enhance interactions among learners and is an effective medium for collaboration
and conflict. The integration of a board game and a computer simulation was
also successful in that both were used smoothly by the children. During post-
experiment interviews it was determined that the contents and usage of the
system was not difficult, and was enjoyable (most of the children stated that
they would like to play the game again).

Several issues, however, were not made clear with these experiments. In one
group, there was one leader type pupil who had strong control over the other
players. Interactions among the children in this group were not so obvious as
that in the other groups. In future research we would like to clarify the influence
of individual personalities on a group.

Another important issue is related to distributed cognition [Norman93|. In
another group, one child watched the computer simulations and always informed
others of the results. In our experiments, the tasks given to the children were
not so complex: each child should have been able to understand, judge, and
decide what to do by him/herself. The relation between task complexity and
distributed cognition will be investigated in the next experiment. Finally, the
extensibility or evolutionary design of the system is critical [Fischer98]. It should
support learners’ addition or modification of artifacts based on their needs in
their learning processes. Such systems seem to raise learners’ engagement and
promote further externalization, interactions and collaboration.

5 Conclusions

Using the experience of our previous system for supporting group learning, a new
system that integrates a board game and a computer simulation was proposed in
this paper. Several experiments were carried out in a public elementary school in
which it was shown that the system could enhance interactions among learners
and could promote collaboration and conflict during their learning processes.
Recently many systems that support learning focus on the utilization of
multi-media technologies. However, the learners in most of these systems are
just passive receivers of information and are not active participants of the learn-
ing situation. The system we proposed in this paper enables learners to interact
with real objects, represent their own ideas, share them with other learners and
confirm these ideas through a computer simulation. This allows learners to be
active participants, and raises their engagement in the learning process. We think
that the system and its evaluations show one of the critical issues regarding the
use of multi-media technology in learning support systems: how to raise learners’
motivation, and the importance of interacting with physical and virtual worlds.
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