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Abstract: Appropriate challenge and uncertain outcome ane feetors of motivating
game based learning systems; that is, these sysitempt to keep students uncertain to
win or lose until the end of the game. In this pape present a personalized game-based
learning system, which is adaptive to differentdstat game status, to engage different
students in evenly matched competition during thime. The system adopts a competitive
race game with drill and practice of four fundanagwiperations of arithmetic. The system
adaptively adjusts virtual opponent competencewar@brtain game factors, the generated
numbers for operation, to keep the competition Bvaratched for different students. This
paper presents the implementation of virtual oppbra@d adaptation mechanisms of the
system.

Keywords: personalized game-based learning system, adgptiwitual opponent, evenly
matched competition

Introduction

Game-based learning systems engage students iminigaactivities by applying the
capabilities of computer to incorporate learningvaty with game format, such as goals,
rules, fantasy, challenge, competition, interact[@A3]. Malone [1] pointed out that
motivating environments should be challenging amnovipes goals which players are
uncertain to reach or not to reach. The uncertatname can be attained by several ways,
such as variable difficulty level determined by opent skills or randomness.
Csikszentmihaly [4] also suggested that challerajetasks and person’s skill should be
matched to prevent the person from being anxiousooed. However, students may have
different capabilities; therefore, game-based legrsystems need to be personalized for
different students. Personalization can be addddsgadaptablity or adaptivity [5]. To be
challenging for different students, Chou and hibeagues design a game-based learning
system with adaptable difficulty level [6]. Chengdahis colleagues proposed an equal
opportunity tactic to adaptively pair each studeith an opponent with similar ability in
competitive educational games for moderating th#emince in the opportunity of
performing well between more-able and less-abldesits [7]. However, opponents with
similar ability may be unavailable. This paper prds a personalized game-based
learning system to engage students in evenly matcbmpetition by adaptively adjusting
virtual opponent competence and uncertain gamerigaetccording to the student game
status.

1. ArithmeticWinner: An Personalized Game-based Learnng System
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A personalized game-based learning system, namigahfaticWinner, was implemented

to engage students in evenly matched competitidre Section presents the system,
including game based learning activities, impleragan of the virtual opponent, and the
personalized adaptation mechanisms for keepinglywesiched competition.

1.1 Game based Learning Activities

ArithmeticWinner adopts the game format of WEST, [8hich incorporates a racing
game with drill and practice of four fundamental ecgions of arithmetic. In
ArithmeticWinner, two players compete to first redbe goal by moving by turns (Figure
1). A player is a virtual opponent and the othetypl is a student. In a player’s turn, the
player will get three numbers and need to choosedperators from "+", "-", "x", and "/"
operators to compose an arithmetic expression, asici+2x3". Each number should be
used exactly once in the expression. An operatoibeaused twice in the expression, such
as "1+2+3". Thus there are 96 (3x2x1x4x4) posgEkjgessions. The calculation result of
the expression determines the move of the playehel result was six, the player will
move forward six steps. There are three specialsrtd affect the player's move. First,
when a player moves to a castle, the player witiguo the next castle. Second, when a
player moves to the beginning of a shortcut, tlagea will jump to the end of the shortcut.
There are three shortcuts, which are from 6 tdrdB) 23 to 36, and from 47 to 55. Third,
when a player moves to the location of the othaye, the other player will be "bumped"
and be moved backward ten steps. These specia migke the game more fun and
variable, because it might not be best to attaiximam calculation result of three
numbers. For instance, a student is at locatiomtednd gets number 1, 2, and 3.
Arithmetic expression of "1+2x3" can get the maximaalculation result and make the
student move forward seven steps to reach locatomdowever, arithmetic expression of
"3+1-2" can make the student move forward two step®ach location ten and jump to
location 20 according to the castle special ruleer&fore, students need to explore and
compare possible combinations of numbers and apsrad attain the best move.

Virtual
opponent
Shortcut
Castle
Student

Numbers Operators  Expression Editor

Figure. 1. Screenshot of ArithmeticWinner

1.2 Implementation of Virtual Opponent
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The main implementation of virtual opponent is todate how the virtual opponent
composes expression in its turn. When a player the¢® numbers, there are 96 possible
expressions. The system calculates the resultsllopassible expressions and the
corresponding arrived location after moving. Aftafculations, all expressions are sorted
by arrived location from minimum to maximum. Thepeassion with maximum arrived
location is the best move in this turn. The systdimoses appropriate expression from all
possible expressions according to virtual oppormhpetence level to simulate the
opponent’s expression [9]. The virtual opponent position is determined by an
opponent competence level, which is assigned inamckd and may be adaptively
modified during the game. The level is a decimaddiclv ranges between zero (novice) and
one (expert). For instance, if the opponent conmuetelevel is one, the component
chooses the 956 (96 x 1) expression in the sorted expressionshas dpponent’s
expression; that is, the expression with maximumved location. If the opponent
competence level is 0.5, the component chooseddfg96 x 0.5) expression as the
opponent’s expression.

1.3 Adaptation Mechanisms for Keeping Evenly Matcheoh@aition

ArithmeticWinner employs two adapting strategie&e¢ep evenly matched competition:

e Keeping evenly matched game progress: Evenly mdtghme progress indicates that
there is no significant difference in player peni@nce between players during the
game. If a player was far ahead of the other pldyeing the game, the leading player
might feel bored and the other player might feeliams or depressed. The strategy is
to keep the game result uncertain until the lastnert. Each player has opportunity
to win, but is unsure whether he/she will win ort.ndhe evenly matched game
progress and uncertain result may make studeritsialbenging and excited.

e Maintaining evenly matched game results: Even pkyee matched, it is also
possible that a player always defeats the othegeplahe always-losing player might
feel depressed. The strategy is to maintain gasdtsewithin an appropriate range;
that is, allowing each player to win in some routmsttain a sense of achievement,
and to lose in some rounds to make the playerdealenging and willing to engage
in next round to defeat the opponent. Evenly mataeme results might depend on
the individual personality of students. Some staslare self-confident or adventurous
and loses may encourage them to make more effonsthe other hand, some
students are less self-confident and need more twiencourage them. Thus evenly
matched game results could be planned as a rangmight be adjusted according to
student’s individual personality.

While an adaptation is required according to thategies, there are many possible
adapting methods, such as adjusting complexitgafring tasks, goals, or even rules. In
order not to be easily perceived by students, ArgticWinner adopts two adapting
methods to realize the strategies:

e Adjusting virtual opponent competence: The compeenf virtual opponents can be
adjusted to reduce the distance of players. Ifualestt is far ahead of the virtual
opponent, the method increases the virtual oppor@npetence so that the opponent
can perform better to catch up with the studentdntrast, the method decreases the
virtual opponent competence to allow the studewmtoh up.

e Adjusting uncertain game factors: Many games haweedain factors to make the
game fun, such as dice, cards. The uncertain gaoterfin ArithmeticWinner is three
numbers which players get. The ArithmeticWinner d@nly generates three
numbers, which the maximum move of the three numbees not exceed a move
threshold, i.e. 20 moves. If a player is far behitiee system increases the move
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threshold of the player so that the player maytlgeinumbers to move further to catch
up or even to win. If a player is far ahead, thetey decreases the move threshold of
the player. If a player is near to the goal and diygtem prevents the player from
winning this round according to the strategy of mning evenly matched game
results, the system will not provide the numbergctvican reach the goal.

2. Summary

This paper proposes evenly matched competitiontegiies, which adaptively keep

students in evenly matched competition game pregaesl game results in game-based
learning. This paper also presents a personaliaetegrased learning system, which was
implemented based on the strategies. To realizestitadegies, the system adopts two
adapting methods: adjusting virtual opponent coemped and adjusting uncertain game
factors, that is, the generated numbers for opersatilf the student is far behind, the
system will decrease the virtual opponent competeara provide numbers to favor the
student. The adapting methods can be applied aborg@multaneously. However, the

adjustment should be hidden and unperceived byepayOtherwise, players may feel

being cheated and refuse to play again or to méket.eWWe will recruit students to use

the system to evaluate whether the system keeppetdion evenly matched for students
with different capabilities.
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