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Abstract:  The purpose of this study is to propose a design principle and framework of 
educational control (in particular, method for collaborative learning support) that induces 
and activates interaction between learners intentionally to create a learning opportunity that 
is based on the knowledge understanding model of each learner. In this paper, we explain the 
design philosophy and the framework of our game-based learning environment (GBLE) 
called "Who becomes the king in the country of mathematics?”. In addition, we describe the 
method of collaborative learning support control that incorporates a "learner support agent" 
to support each learner and a "game control agent" to control the game into the learning 
environment.  
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Introduction 
 
Many researches of education system which utilized a computer game effectively have been 
pushed forward [2, 3, 8, 9, 11]. Not only the study on motivational factors which a computer 
game has [7], but also the study on combining learning contents with game-based learning 
[5] effectively has been performed in this research field. Moreover, given recent progress in 
network (in particular, wireless), mobile and interface technologies, various types of 
game-based learning environment begin to be studied. 
 On the other hand, the research on CSCL in which the computer supports collaborative 
learning activity by plural learners is pushed forward [9, 12]. It is thought that the 
game-based learning environment incorporating the function of the computer game for 
collaborative learning and group learning becomes one of the effective learning 
environments. In these game-based learning environments, we need the following 
functions; for examples, a learner modeling function and a learning support function for an 
individual learner, a learning flow building function and a collaborative learning support for 
a group. We can propose a computer-supported collaborative learning environment which 
activates not only the interaction among learners but also the interaction among learning 
supporters and learners by designing and implementing these functions as pedagogical 
agents [1, 4, 10]. 
 Therefore, the purpose of this study is to propose a framework of educational control 
that induces and activates interaction between learners intentionally to create a learning 
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opportunity that is based on the knowledge understanding model of each learner. In this 
paper, we explain the design philosophy and the framework of our game-based learning 
environment (GBLE) called "Who becomes the king in the country of mathematics?”. 
Moreover, we describe the method of collaborative learning support control that 
incorporates a "learner support agent" to support each learner 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 game have been performing the various 
classifications and definitions about "the fun of a game" [6, 7]. Koster considers the game as 
a learning process which solves the given game task and skill by trial and error, and tries to 
solve the framework of "the fun of a game" from a viewpoint of cognitive formation of a 
game player [6]. He has stated that the four tasks that must be mastered exist in the learning 
process, and "the fun of a game" arises in the mastery process and success experience of 
these tasks [6]. Moreover, Malone proposed the following individual motivational factors; 
Appropriate challenge, Emotional fantasy, Cognitive and sensory curiosity [7].  
 Based on these classifications and definitions, we classified the fun which a learner 
feels in an educational game into the following four types: Fun when a player achieves a 
goal, Fun from what a player is unable to predict, Elation when a player faces a challenging 
problem, Honor for the player. These four types of “fun” in an educational game lead to the 
maintenance and improvement of a learner’s motivation, and we believe that they give a 
game and the learning from it advanced power. Therefore, in the design of a GBLE, it is 
important that we incorporate these four viewpoints of fun into the scenes or phases of the 
game and the learning that comes from it. 
 In a GBLE, it is effective for the maintenance and the improvement of a learner's 
motivation to develop the support which utilizes the fun which a learner feels in an 
educational game. In this research, we have examined the design principle of a board game 
based learning environment for schoolchildren and junior high school students. Therefore, 
we set some design principles based on the four types of fun, which the learner feels in the 
educational game, in the development of the educational game design and learning support 
function design in the GBLE. These designs principles are shown in Table 1. 
 We have created an educational game design in the GBLE based on these all design 
principles explained above [12]. Moreover, we have designed and implemented the function 
and mechanism of the learning support based on the design principle and the support 
elements referred to literature (including Koster's suggestion mentioned in this section) as 
an educational control described in section 2. In addition, we accept that the case where 
concrete design principles differ according to the difference in the subject domain and 
learning style of a GBLE exists. Examination of the design 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 game with a roulette in which there are four 
players (learners). The winner can become the next king of the mathematics kingdom. From 
the roulette, the learner receives a number to determine her/his forward movement. She/he 
then replies by trying to solve a calculation formula in the roulette with an unknown value. 
If the learner solves the problem correctly, she/he can advance only by the number of the 
answer. Next, the learner carries out an event, such as learning or the game, on the grid on  
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which she/he stopped. The learner can increase the mark of a parameter (the learning power 
and the power of zest for living) of the character (avatar) that the learner operates by 
clearing the event. There are several types of grid in this GBLE: a "Learning grid," a "Zest 
for living grid," an "Item grid," a "Mini-game grid," and a "Special grid". On the "Special 
grid", every learner must stop forcibly. There is a "STOP grid" and a "TEST grid", which 
are special grids in the developed game environment. On the "STOP grid", the learner plays 
rock-paper-scissors with the computer. If she/he wins, a bonus point is given at random. On 
the "TEST grid", the learner must answer all the questions for each learning item correctly. 
If she/he makes a mistake, then she/he must return to a certain grid specified by the 
computer. This game is a type of educational game. Therefore, we need to control the game 
educationally in order to activate the interaction between learners and to be able to acquire 
the desired knowledge and skill for learners.  
 We have studied the interaction among groups, the direct support for each learner, and 
lesson support for a teacher as the extension of this GBLE to support the group. In this 
environment, we need the system configuration using agent which can support each learner 
or group, and interact with other learning supporter flexibly. So, we have been developing 
the system with agent model. In this GBLE, the learning and educational control in this 
GBLE is performed by two kinds of learning support agents (one "Learner Support Agent" 
per learner and one "Game Control Agent" in GBLE) (see Figure 1) [12]. We have designed 
and implemented the function of the learning support in these learning support agents based 

� Fun when a player achieves a goal 
[Principle1-1]  
Existence of various types of grids 

[Principle1-2]  
Setting a reward by clearing the given event  (For example, "prize" or "increasing the mark of a parameter") 

[Principle1-3] 
Selection and question of a learning subject according to the situation of each learner  

[Principle1-4] 
Setting the number of problems according to the situation of each learner 

[Principle1-5] 
Setting a time limit of problems according to the situation of each learner  

[Principle1-6] 
Motivation for fun when a player achieves a goal 

[Principle1-7] 
Setting a collaborative and competitive learning style 

� 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 time trial, or having to check answers for other players) 

[Principle2-3] 
Selection and question of new learning subject 

� 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 difficulty becomes high 

[Principle3-3] 
Shortening the time limit of problem solving 

[Principle3-4] 
Setting a cost when a learner fails in a learning subject  

[Principle 3-5] 
Motivation for challenge 

[Principle 3-6] 
Setting a collaborative learning style 

� Honor for the player 
[Principle4-1] 
Setting players' ranking at the time of ending 

[Principle4-2] 
Motivation for aiming at a championship 

Table 1:  Design principles of "Who becomes the king in the country of mathematics?”  
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on the design principle of the fun which a learner feels in an educational game and learning 
support function described in section 1. 
 The support function of the learner based on [Principle 1-3, 1-6, 1-7, 2-2, 2-3, 3-2, 3-5, 
3-6 and 4-1] is designed and implemented for the LSA(“Learner Support Agent”). The LSA 
has three tasks: One is to determine the learning control type of the learner as a method for 
maintaining or improving the learning volition of the learner. The agent gives four 
questionnaires for a learner at random before starting a game. The learner replies with yes or 
no. Then, the agent tries to motivate the learner to increase the learner’s learning volition 
appropriately. Moreover, the agent adds up the mark of four answered items and classifies it 
in three types (Controlling learner in the first half, Controlling learner in the latter half and 
No control) based on the total value. 
 The function of educational control in GCA("Game Control Agent") is implemented 
based on [Principle 1-2-1-5, 1-7, 2-2, 2-3, 3-1-3-4, 3-6 and 4-1]. The GCA performs an 
educational control of four players (learners) who play the game-based learning. This agent 
has the following global strategy: The agent tries to check that the student has a value of 
more than US2 for all learning items until she /he reaches the TEST grid.  The agent tries to 
make sure that the student stops all learning grids in which the value of the learning item is 
less than US1. The agent tries to ensure so that the learner can experience various learning 
forms in the game. 
 Based on these strategies, the agent advances the game-based learning by using control 
rules such as questions, individual learning and group learning. Concretely, the agent 
receives information about the understanding state of learner and requests the next learning 
item from each learner support agent. The agent determines the learning item for the learner 
for her/his next turn and carries out the turn. When the learner needs learning control, the 
agent decides on a calculating formula and the answer by means of the roulette. The agent 
has three learning forms: personal learning in which the learner himself solves a learning 
problem, collaborative learning in which the learner competes or collaborates with other 
learners, and observation learning in which the learner learns from other learners’ problem 
solutions. The agent chooses a learning form based on the state of the learner’s 
understanding of the next turn and other learners’ understanding.  

Figure 1:  Task about learning and relation among GCR, LSA, GCA 

Learners
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� No control ( at random)
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 Our system has the mechanism of the collaborative learning support. Furthermore, 
there are two interaction layers in the system. One is a "Learning Support Workplace 
(LSW)". The other is a "Learner Support Planning Workplace (LSPW)" to consider and 
decide the learning plan by interacting among agents. The flow of decide collaborative 
learning support decision making are as follows; Firstly, agents set the learning support 
goal, learning support method and, the member and the role of learning supporters. 
Moreover, they make a scenario of the collaborative learning support. Then, they move to 
LSW and start the scenario. If they can't achieve the learning support goal by the scenario, 
the challenge becomes the failure. Afterward, they return to the point (such as learning 
support goal setting process and learning support method setting process) of the factor. 
 
 
3. Conclusion  
 
In this paper, we explained the design philosophy and the framework of our game-based 
learning environment (GBLE) called "Who becomes the king in the country of 
mathematics?”. In addition, we described the method of collaborative learning support 
control that incorporates a LSA to support each learner and a GCA to control the game into 
the learning environment. As further work in the future, we need to elaborate and rebuild the 
method of collaborative learning support control. 
 
 
Acknowledgements 
 
This research has been supported in part by the Ministry of Education, Culture, Sports, 
Science and Technology in Japan under a Grant-in-Aid for Scientific Research (A) No. 
24240104 (2012). 
 
 
References 
 
[1] Baylor, A.L. & Kim, A. (2004). Pedagogical Agent Design: The Impact of Agent Realism, Gender, 

Ethnicity, and instructional Role, Proceedings of ITS2004 (pp.592-603). 
[2] Bourgonion, J., Valcke, M., Soetaert, R. & Schellens , T. (2009). Exploring the Acceptance of Video 

Games in the Classroom by Secondary School Students, Proceedings of ICCE2009 (pp.651-658). 
[3] Cheng, H.N.H., Wu, C.M.W., Liao, Y.C.C. & Chan, T.W. (2009). Equal Opportunity Tactic: Balancing 

Winning Probabilities in a Competitive Classroom Game, Proceedings of ICCE2009 (pp.713-717). 
[4] Girard, S. & Johnson, H. (2010). What Do Children Favor as Embodied Pedagogical Agents?, 

Proceedings of ITS2010 (pp.307-316). 
[5] Habgood, M. P. J. (2007). The Effective Integration of Digital Games and Learning Content, University 

of Nottingham, United Kingdom, Retrieved September 18, 2012. 
[6] Koster, R, R. (2005). A Theory of Fun for Game Design, IN: Paraglyph Press. 
[7]   Malone, T. W. (1981).Toward a Theory of Intrinsically Motivating Instruction, Cognitive Science, 4, 

333-369. 
[8] Muldner, K., Burleson, W., Sande, V.V. & Vanlehn, K. (2010). An Analysis of Gaming Behaviors in an 

Intelligent Tutoring System, Proceedings of ITS2010 (pp.184-193). 
[9] Ogan, A., Aleven, V., Kim, J. & Jones,C. (2010). Instructional Negotiation with Virtual Humans: The 

Effect of Social Goals on Gameplay and Learning, Proceedings of ITS2010 (pp.174-183).  
[10] Ogata, H., Yano, Y. & Matsuura, K. (2002).Human-Agent Interaction in Comuputer-Supported 

Collaborative Learning Environments, Journal of the Japanese Society for Artificial Intelligence, 17(6), 
672-678.  

[11] Seelhammer, C. & Niegemann, M.H. (2009). Playing Games to Learn – Does it actually work?, 
Proceedings of ICCE2009 (pp.675-681) 

[12] Takaoka, R., Shimokawa, M. & Okamoto, T. (2012). A Development of Game-based Learning 
Environment to Activate Interaction among Learners, IEICE TRANS. INF.&SYST., E95-D(4), 911-920.  

 

505


