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Abstract: The purpose of this study is to propose a desigrciple and framework of
educational control (in particular, method for eblbrative learning support) that induces
and activates interaction between learners intealip to create a learning opportunity that
is based on the knowledge understanding modelalf learner. In this paper, we explain the
design philosophy and the framework of our gamethdsarning environment (GBLE)
called "Who becomes the king in the country of reathtics?”. In addition, we describe the
method of collaborative learning support contr@ittimcorporates a "learner support agent”
to support each learner and a "game control agentontrol the game into the learning
environment.
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Introduction

Many researches of education system which utilizedmputer game effectively have been
pushed forward [2, 3, 8, 9, 11]. Not only the stedymotivational factors which a computer
game has [7], but also the study on combining legroontents with game-based learning
[5] effectively has been performed in this resedield. Moreover, given recent progress in
network (in particular, wireless), mobile and ifidee technologies, various types of
game-based learning environment begin to be studied

On the other hand, the research on CSCL in wihieltomputer supports collaborative
learning activity by plural learners is pushed fard/ [9, 12]. It is thought that the
game-based learning environment incorporating thetfon of the computer game for
collaborative learning and group learning become® @f the effective learning
environments. In these game-based learning enveatsn we need the following
functions; for examples, a learner modeling functnd a learning support function for an
individual learner, a learning flow building funati and a collaborative learning support for
a group. We can propose a computer-supported oodiibbe learning environment which
activates not only the interaction among learnessabso the interaction among learning
supporters and learners by designing and implemgrhese functions as pedagogical
agents [1, 4, 10].

Therefore, the purpose of this study is to propos@mework of educational control
that induces and activates interaction betweemégarintentionally to create a learning
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opportunity that is based on the knowledge undedatg model of each learner. In this
paper, we explain the design philosophy and theadk@ork of our game-based learning
environment (GBLE) called "Who becomes the kingthe country of mathematics?”.
Moreover, we describe the method of collaboratiearhing support control that
incorporates a "learner support agent" to suppat éearner and a "game control agent” to
control the game into the learning environment.

1. Design principles in GBLE

The game developer and the expert about the gawe lteen performing the various
classifications and definitions about "the fun gfeame" [6, 7]. Koster considers the game as
a learning process which solves the given gameanadlskill by trial and error, and tries to
solve the framework of "the fun of a game" fromiewpoint of cognitive formation of a
game player [6]. He has stated that the four tdeksmust be mastered exist in the learning
process, and "the fun of a game" arises in theanagirocess and success experience of
these tasks [6]. Moreover, Malone proposed th@vofig individual motivational factors;
Appropriate challenge, Emotional fantasy, Cognitinel sensory curiosity [7].

Based on these classifications and definitionsclassified the fun which a learner
feels in an educational game into the followingrfoypes:Fun when a player achieves a
goal, Fun from what a player is unable to prediiation when a player faces a challenging
problem, Honor for the playemhese four types of “fun” in an educational gdesal to the
maintenance and improvement of a learner's mobowatand we believe that they give a
game and the learning from it advanced power. Toexgein the design of a GBLE, it is
important that we incorporate these four viewpooftfun into the scenes or phases of the
game and the learning that comes from it.

In a GBLE, it is effective for the maintenance ahd improvement of a learner's
motivation to develop the support which utilize® ttun which a learner feels in an
educational game. In this research, we have exahtiveedesign principle of a board game
based learning environment for schoolchildren amdor high school students. Therefore,
we set some design principles based on the foastgpfun, which the learner feels in the
educational game, in the development of the edwaltigame design and learning support
function design in the GBLE. These designs prires@re shown in Table 1.

We have created an educational game design iGBld& based on these all design
principles explained above [12]. Moreover, we hdesigned and implemented the function
and mechanism of the learning support based ordélsggn principle and the support
elements referred to literature (including Koststggestion mentioned in this section) as
an educational control described in section 2.dditeon, we accept that the case where
concrete design principles differ according to thierence in the subject domain and
learning style of a GBLE exists. Examination of thesign principle in a different game
form and leaning style is future work

2. Method of educational control in GBLE

The game developed in this study is a board gartte avioulette in which there are four
players (learners). The winner can become thekiegtof the mathematics kingdom. From
the roulette, the learner receives a number tam@te her/his forward movement. She/he
then replies by trying to solve a calculation fotanin the roulette with an unknown value.
If the learner solves the problem correctly, she/ae advance only by the number of the
answer. Next, the learner carries out an evenh asdearning or the game, on the grid on
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Table 1 Desan principles 0"Who becomes the king in the country of mathemat

e Fun when a player achieves a g
[Principlel-1]
Existence of various types of grids
[Principlel-2]
Setting a reward by clearing the given event @a@mple, "prize" or "increasing the mark of a paszteri)
[Principlel1-3]
Selection and question of a learning subject adogri the situation of each learner
[Principlel-4]
Setting the number of problems according to theasion of each learner
[Principlel-5]
Setting a time limit of problems according to thiteation of each learner
[Principlel-6]
Motivation for fun when a player achieves a goal
[Principlel-7]
Setting a collaborative and competitive learningest
e Fun from what a player is unable to predict
[Principle2-1]
Setting a grid in which a special event occurs
[Principle2-2]
Selection of net learning style (Such as by a tiria¢, or having to check answers for other players
[Principle2-3]
Selection and question of new learning subject
e Fun from what a player is unable to predict
[Principle3-1]
Setting the increase in the number of problems
[Principle3-2]
Setting a problem to which the degree of difficldgcomes high
[Principle3-3]
Shortening the time limit of problem solving
[Principle3-4]
Setting a cost when a learner fails in a learnirgext
[Principle 3-5]
Moativation for challenge
[Principle 3-6]
Setting a collaborative learning style
e Honor for the player
[Principle4-1]
Setting players' ranking at the time of ending
[Principle4-2]
Motivation for aiming at a championship

which she/he stopped. The learner can increasadlle of a parameter (the learning power
and the power of zest for living) of the charadf@vatar) that the learner operates by
clearing the event. There are several types ofigritis GBLE: a "Learning grid," a "Zest
for living grid,” an "ltem grid," a "Mini-game gritland a "Special grid". On the "Special
grid", every learner must stop forcibly. There i$5STOP grid" and a "TEST grid", which
are special grids in the developed game environn@mthe "STOP grid", the learner plays
rock-paper-scissors with the computer. If she/heswa bonus point is given at random. On
the "TEST grid", the learner must answer all thegjions for each learning item correctly.
If she/he makes a mistake, then she/he must rétumn certain grid specified by the
computer. This game is a type of educational garerefore, we need to control the game
educationally in order to activate the interacti@tween learners and to be able to acquire
the desired knowledge and skill for learners.

We have studied the interaction among groupsjitieet support for each learner, and
lesson support for a teacher as the extensioni®fGBLE to support the group. In this
environment, we need the system configuration uagent which can support each learner
or group, and interact with other learning suppditexibly. So, we have been developing
the system with agent model. In this GBLE, therneay and educational control in this
GBLE is performed by two kinds of learning suppegents (one "Learner Support Agent"
per learner and one "Game Control Agent" in GBLdeg(Figure 1) [12]. We have designed
and implemented the function of the learning suppathese learning support agents based
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on the design principle of the fun which a leare&ls in an educational game and learning
support function described in section 1.

The support function of the learner based on fle 1-3, 1-6, 1-7, 2-2, 2-3, 3-2, 3-5,
3-6 and 4-1] is designed and implemented for th&(llSearner Support Agent”). The LSA
has three tasks: One is to determine the learronga type of the learner as a method for
maintaining or improving the learning volition ohe learner. The agent gives four
guestionnaires for a learner at random beforeisggatgame. The learner replies with yes or
no. Then, the agent tries to motivate the learaendrease the learner’'s learning volition
appropriately. Moreover, the agent adds up the oBftur answered items and classifies it
in three types (Controlling learner in the firstth@ontrolling learner in the latter half and
No control) based on the total value.

The function of educational control in GCA("Gamen@ol Agent") is implemented
based on [Principle 1-2-1-5, 1-7, 2-2, 2-3, 3-1;34% and 4-1]. The GCA performs an
educational control of four players (learners) vy the game-based learning. This agent
has the following global strategyhe agent tries to check that the student has aevaf
more than US2 for all learning items until she vbaches the TEST grid. The agent tries to
make sure that the student stops all learning gndshich the value of the learning item is
less than US1. The agent tries to ensure so tledetirner can experience various learning
forms in the game.

Based on these strategies, the agent advancgartieebased learning by using control
rules such as questions, individual learning anougriearning. Concretely, the agent
receives information about the understanding stbkearner and requests the next learning
item from each learner support agent. The ageetbgtes the learning item for the learner
for her/his next turn and carries out the turn. Whwee learner needs learning control, the
agent decides on a calculating formula and the anbyw means of the roulette. The agent
has three learning forms: personal learning in Wwhie learner himself solves a learning
problem, collaborative learning in which the learnempetes or collaborates with other
learners, and observation learning in which thenlealearns from other learners’ problem
solutions. The agent chooses a learning form basedhe state of the learner’'s
understanding of the next turn and other learnarderstanding.
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Our system has the mechanism of the collabordéiaening support. Furthermore,
there are two interaction layers in the system. @na "Learning Support Workplace
(LSW)". The other is a "Learner Support Planningriptace (LSPW)" to consider and
decide the learning plan by interacting among aggehhe flow of decide collaborative
learning support decision making are as followssthi, agents set the learning support
goal, learning support method and, the member &@edrole of learning supporters.
Moreover, they make a scenario of the collabordgaening support. Then, they move to
LSW and start the scenario. If they can't achiéeeléarning support goal by the scenario,
the challenge becomes the failure. Afterward, thegyrn to the point (such as learning
support goal setting process and learning suppettiod setting process) of the factor.

3. Conclusion

In this paper, we explained the design philosophy the framework of our game-based
learning environment (GBLE) called "Who becomes tkiag in the country of
mathematics?”. In addition, we described the metbbdollaborative learning support
control that incorporates a LSA to support eacmieraand a GCA to control the game into
the learning environment. As further work in theufe, we need to elaborate and rebuild the
method of collaborative learning support control.
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