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Abstract: Although competition is a powerful element to enhance students’ motivation, but it
still has negative influences on learning. To mitigate possible negative influences, some
competition models have been proposed but they are merely suitable for anonymous and
face-to-face learning contexts. To address such limitations, there is a need to explore other
competition models. To this end, this study proposes the concept of surrogate competition, in
which there is no direct competition between each student. Instead, each student has a
substitute and the competition takes place between each substitute. Based on this rationale, a
My-Pet-My-Arena system is developed and an empirical study was conducted to examine
the effects of the surrogate competition. The results revealed that the My-Pet-My-Arena
system could help students attribute competitive failures to the lack of effort.
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1. Introduction

Over the past decade, digital game-based learning has attracted more and more research
interests. It is motivated by the fact that game elements are utilized to help students achieve
their learning goals and improve their knowledge and skills [10]. Thus, game elements play
an important role in game-based learning. In this vein, some game elements are
investigated, such as control, fantasy, curiosity, challenge [23], imaginary, competition,
uncertainty [21], goal, decision, cooperation, and competition [27]. Among these game
elements, however, competition is seldom taken into account although it is promising and
powerful [9]. A possible explanation is that competition emphasizes on the process of social
comparison, in which students are exposed to numerous comparative information, which, in
turn, influences students’ self-concept [25]. Students might be damaged by negative
influences, such as the lack of confidence [4] or lower self-efficacy [31] especially when
students frequently fail in the competitions.

To mitigate the possible negative influences, previous works has proposed some
mechanisms. One is anonymous competition, which provides a scheme to diminish negative
impacts resulting from a face-to-face competitive context [34]. In anonymous competition,
students’ failure would not be revealed to the public so that the damage on students’
confidence could be reduced. The other is group competition, in which competition is
integrated into cooperative activities in small groups [30]. Since all of members in the group
share the responsibilities for competition results, the possible negative influences are thus
alleviated. Nevertheless, these mechanisms are applied in limited contexts. The anonymous
competition is suitable for an anonymous-based distributed environment, rather than a
face-to-face interactive environment, otherwise the effects of anonymity could not be
activated. The group competition is also restricted to a group-based collaborative learning
context, rather than an individual environment, otherwise the responsibilities could not be
shared by group members.
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To this end, there is a need to develop effective and flexible mechanisms to address
these limitations. Consequently, this study proposes a game-based competitive mechanism,
surrogate competition, in which there is no direct competition between each student. More
specifically, each student has a substitute and the competition takes place between each
substitute. Based on this rationale, this study develops a game-based learning system and
conducts empirical studies to examine whether students could benefit from surrogate
competition. More specifically, the empirical studies seek an answer for the research
question of this study, i.e., “how surrogate affects students’ view to the competition?”.

2. Related work

Competition is regarded as a promising scheme for student learning [12] because
competition could reinforce the goal structure of learning activities, which, in turn, enhances
students’ motivation and academic achievement [16]. However, several researchers also
indicate that the use of competition might bring negative influences [31], such as the lack of
improving scheme [4] and high degree of stress [35].

This is because competition involves a social comparison process, during which
participants are compared with each other [22]. Such acute comparison would affect
students’ motivation, confidence, attitude, and belief in success [25]. Moreover, most of
competitions are a zero-or-sum activity, in which one competitor wins the competition and
the other, meanwhile, loses the competition. It implies that such competition always results
in one competitor’s failure, which might cause some damages to the loser. Once the loser
further attributes his/her failure to the lack of abilities, he/she might feel frustrated or even
helpless in learning [11; 32; 33].

To alleviate these negative influences, several mechanisms are proposed, including
personal improving space, computer-simulated agent, anonymous competition, and group
competition. Their design rationales and relevant studies are listed in Table 1. The first two
mechanisms emphasizes on positive belief while the last two mechanisms are concerned
with negative effects. More specifically, the former makes learners understand that
preparation would result in competition success, either via learning efforts by themselves or
support from simulated agents. Conversely, the latter is to use anonymous or group
protective mechanism to reduce possible negative impacts.

Table 1.Mechanisms to support competitive learning

Mechanisms Design rationales and function descriptions
Personal improving  Offering students chances to prepare themselves before the
space competition takes place can help students easily understand

that preparation is the best way to win the competition [5].
Computer-simulated Computer-simulated agents could scaffold students to improve

agent their learning performance for competition, and even shaping
their positive belief on effort [5].

Anonymous Anonymity could be as a protective mechanism for students

competition who lose because their identity would not be revealed in public
[36].

Group competition Group competition could share the responsibility for failures,
instead of taking the responsibility by an individual [17; 13;
30].

These competitive mechanisms are useful but they are only applied in limited
contexts. For example, the personal improving space and simulated learning companions
seem to be only suitable for individual learning; the anonymous competition and group
competition appear to be suitable merely for anonymity-based and group-based settings. It
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is difficult to apply them for more general learning contexts. A possible explanation
resulting in these limitations lies within the fact that these mechanisms belong to direct
competition: competitors compete against each other by their academic performance
directly. In this vein, surrogate competition is thus proposed in this study based on the
perspective of indirect competition: each student owns a surrogate, and the competition
happens between these surrogates. This is because such surrogate competition offers more
flexibility so that the competition between students can be more relaxed. Due to such
benefits, we incorporate surrogate competition into a learning system and conduct two
empirical studies to investigate whether such an approach is useful to students.

3. Surrogate competition
3.1 Design rationales of surrogate competition

Figure 1 illustrates the differences between direct competition and surrogate competition.
Unlike direct competition, where students use avatars to compete against each other,
surrogate competition allows students to use surrogates on behalf of them to attend the
competition. The main difference between direct competition and surrogate competition lies
within the fact that the former involves the participation of two avatars while the latter is
mediated by two virtual pets. More specifically, the direct competition involves students’
self-image or self-identity to compete against each other. Conversely, the surrogate
competition uses agents without self-image or self-identity to attend the competition,
instead of themselves.

The aforementioned difference suggests that the surrogate competition is able to
change students’ views to competition. This is motivated by the fact that students often
attribute their failures to the lack of abilities in the direct competition. Thus, the belief that
they are “stupid” or “dumb” might be shaped, which, in turn, results in the negative
influences. Nevertheless, the surrogate competition could help students shift their failure
attributes from the lack of abilities to the lack of effort so that the negative influences might
be less damaged.

Due to such benefits, surrogate competition is considered in this study. More
specifically, virtual pets attend competition on behalf of students. Students play as the role
of master so that effort in training virtual pets could be regarded as the most dominating
factor to win in the competition. Therefore, these virtual pets could reflect students’ learning
status. This is achieved by using an Open Learner Model (OLM) where students’ learning
status is collected. The OLM is regarded as a manipulated model, which is accessible by
students themselves so that they could observe, edit, and even negotiate with computers
about their learning status [2; 3]. An additional benefit is that nurturing and caring virtual
pets can facilitate human-computer interaction [ 18] because students play as their masters.
By doing so, students could develop a long-term relationship with virtual pets, which could
sustain their motivation, and further to facilitate interaction with their OLMs [7].
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Figure 1. Concept of surrogate competition compared with direct competition
3.2 My-Pet-My-Arena system
3.2.1 Three design perspectives on computer-human interaction

In addition to providing the benefits of surrogate competition, My-Pet-My-Arena system
also brings several new design perspectives on computer-human interaction. How much
learning effort students made is influential to their achievement [6; 29]. Thus, the first
perspective emphasizes on students’ effort-making belief. More specifically, virtual pets are
used to enhance the computer-human interaction in the My-Pet-My-Arena system so that
students can believe that there is a positive relationship between effort and success.

Subsequently, the second perspective lies within the fact that the My-Pet-My-Arena
offers several “caring” functions for students to care their virtual pets. Such caring
functions, which attach students’ emotion, can sustain a long-term “master-and-pet”
relationship. By doing so, students’ motivation can be maintained, which, in turn, the
computer-human interaction can be enhanced. The third perspective lies within the fact that
virtual pets and OLMs are integrated as an information representation model within the
My-Pet-My-Arena system. Through virtual pets, this model not only could actively remind
students of what they have learned and have not mastered, but also be as a motivator to
encourage students to interact with the My-Pet-My-Arena system.

3.2.2 System development

The My-Pet-My-Arena system consists of four components. The first one is nurturing
component, whose purpose is to develop students’ attachment to the My-Pet. This intention
can be realized by two functions: feeding, and caring. Regarding feeding, the system allows
students to play as a “master”, who is responsible for the My-Pet’s satiated needs. In
particular, the system presents them with a “satiated” attribute, which refers to whether the
My-Pet is satisfied or not. By doing so, students can buy pets’ food to feed the My-Pet.
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Since students are as a giver and their My-Pets act as a receiver, the master-and-pet
relationship would be established.

Regarding caring, the system aims to further enhance students’ sense of being a
“care-giver”, who not only satisfies My-Pets’ satiated needs, but also their healthy status. To
this end, this system provides students with different pets’ products. Students could use
these products to look after their pets. Likewise, when students take good care of their pets,
another “healthy” attribute would be presented. By doing so, students would experience
how to take good care of their My-Pets, in which students’ attachment to their pets can be
enhanced.

The second one is learning component, which is the only part concerning Chinese
idiom learning and My-Pet would offer students learning feedbacks (see Fig. 3). More
specifically, to improve students’ mastery of Chinese idioms, two functions are offered. The
first one is to make students understand their learning progress. This function could be
realized by presenting the mastery level for a specific Chinese idiom so that students know
which topics they have mastered and have not mastered yet. The second one is to encourage
students to improve their learning progress in a joyful way. To this end, this system offers a
“pet-training” game context, in which students’ effort made for improving mastery is
further linked to the My-Pet’s “effort” attribute. Thus, when students improve their mastery
level, the “effort” value would be also promoted. Meanwhile, students can obtain virtual
coins as rewards for buying pets’ food and products. By doing so, students might feel that
they are doing something helpful and meaningful to their My-Pet, instead of boring tasks.

In addition to the two components aforementioned, the My-Pet-My-Arena system
contains the third component, i.e., the competition component. The intention of the
competition component is to shape students’ positive belief in effort-making. To this end, a
pair-wise version of surrogate competition is developed so that the “effort™ attribute could
be regarded as a key factor that determines the competition result [8]. To realize this
function, the rule of the surrogate competition is designed as several rounds, each of which a
My-Pet can get an effort score based on the “effort” value. It implies that the more “effort”
value the My-Pet has, the greater the chance that the My-Pet would win the competition.
The surrogate competition continues by turns until one of the My-Pet which obtains the
highest score wins the competition.

To further enhance students’ sense of being a master, another component is
developed. To this end, an avatar component is added in this version 2. This component is
realized by offering the function of customizable avatars, in which students can choose
virtual characters to adjust their appearances and decorations so that students feel that these
avatars are on behalf of them within the virtual world. By doing so, students can see their
avatars who play as the master to look after and train their My-Pets. Thus, the sense of being
a master can be enhanced.

4. Experiment

Although the results of Experiment One had showed that the My-Pet-My-Arena could
enhance students’ learning achievement, level of effort-making, and motivation, it was
unclear how surrogate affects students’ view to the competition when compared to other
direct competition mechanisms. To address this issue, Experiment Two was conducted to
investigate whether the surrogate competition could bring positive effects as direct
competitions and meanwhile alleviate the negative effects.

4.1 Instrument

4.1.1 Two system versions
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To answer the second sub-research question, how surrogate affects students’ view to the
competition, two systems were used in the experiment. One was My-Pet-My-Arena system,
which is an example of surrogate competition. The other was My-Competition system,
which is an example of direct competition. By comparing these two systems, we can
identify the differences between direct competition and surrogate competition.

More specifically, the My-Pet-My-Arena system is developed to enhance
participants’ impression: they are playing as the role of masters. Although participants with
this version owned their avatars (see Fig. 2a), they used My-Pets to reflect their learning
status in Chinese idiom and dispatch their My-Pets to attend the surrogate competition on
behalf of themselves (see Fig. 2a, 2b, 2c, &2d). Accordingly, they could prepare these
surrogates, and even regard them as buffers of the competition. Due to this fact, the
My-Pet-My-Arena system is classified as an example of surrogate competition.

Regarding the My-Competition system, all participants had avatars, which could be
on behalf of the participants to participate in the competition. More specifically, the avatars
reflect their OLMs in Chinese idiom (see Fig. 3a). Thus, participants could improve the
status of Chinese idiom to strengthen their avatars (see Fig. 3b) so that they can compete
against each other via their avatars (see Fig. 3c and 3d). Although participants also had
My-Pets, these My-Pets could not do anything and just stay there. Thus, the participants still
need to be directly involved in the competition. This is the reason why this system is
categorized as one example of direct competition.
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Figure 2. My-Pet-My-Arena system
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Figure 3. My-Competition system
4.1.2 Attribution questions

As described previously, it is difficult to find a suitable questionnaire for surrogate
competition. Thus, two attribution questions developed by the first author of this paper were
used to measure students’ attribution for the two groups. As shown in Table 2, one question
was used when students win the competition, and the other one was used when students lose
the competition. Each question provided four options and the participants chose the one
matching with their thought.

Table 2. The two attribution questions

The attribution question when winning
I win the competition because (1) I have good luck (2) I spend more effort in
learning Chinese idiom (3) I spend more effort in improving pets (4) I actually have
better learning ability in learning Chinese idiom

The attribution question when losing
I'lose the competition because (1) I have no good luck (2) I do not spend more effort
in learning Chinese idiom (3) I do not spend more effort in improving pets (4) 1
actually have worse learning ability in learning Chinese idiom

4.2 Participants

A between-subject quasi-experiment was used in the experiment and the participants
consisted of two classes in an elementary school. The two classes are randomly assigned to
two groups. Table 3 shows the different interventions and the distribution of participants in
each group.
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Table 3. The setting of the two groups

Intervention Participants Gender
(male: female)
CG My-Competition system 29 19:10
EG My-Pet-My-Arena system 31 17:14

4.3 Procedure

Each group had two 50-minute sessions to use the system over the period of two weeks. At
the beginning of the session, participants were told that they could freely use the system.
This allowed participants to use the system in a natural condition. During each session, each
participant approximately had six to ten times to attend the competition so that each one
could have both winning and losing experience. This could be helpful to increase the
validity of the collected data. During each competition, students were able to freely choose
their opponents so that their choices were based on their preferences. In other words,
students know whose avatars or pets they are competing against. At the end of each
competition, both groups need to answer the attribution questions to express their
attributions.

4.4 Data analysis

The independent variable of the experiment is the different settings of the two systems
whereas the dependent variables of the experiment are participants’ attribution when they
won and lose the competition. To obtain a stable attribution, we calculate the mode (i.e., the
number that appear most frequently) of their attribution as the primary attribution. For
example, if a student’ attributions are “luck”, “luck™, “luck”, “ability”, and “luck”, the mode
is “luck” because it appears four times. Besides, the mode could ignore the extreme or
unstable data caused by participants’ mistaken operation or other reasons.

In addition, participants’ attribution should be stable during such a short period of
time. Thus, when a participant’s mode finally has multiple numbers, the used data analysis
method is described as follows: (1) If the student’s mode contains two numbers, it implies
that the student has a relatively unstable attribution status. Since this is not an extreme case
when compared to others, we still accept this case and count the two numbers, respectively.
(2) If the student’s mode contains three numbers or more, it implies that the student has a
very unstable attribution status because there is a lack of careful consideration. Thus, we
exclude these students from our data analysis. The Chi-squire test, which is suitable to
analyze categorical data, is further conducted to validate whether the result has significant
difference.

4.5 Result and discussion
4.5.1 Students’ attribution when winning

This section presents the results of students wining the competition. Table 4 illustrates the
final results of students’ attribution, which exclude unstable cases described previously.
Regarding CG, the number of students’ attribution to effort made in learning (n=15) was
relatively high than that to luck (n=9), ability (n=5), and effort in training pets (n=2). The
result from a Chi-squire test indicated that this difference was statistically significant ( y >=
12.226, df=3, p<.01). Since the students in CG used the My-Competition system, it meant
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that My-Competition system could facilitate students’ major attribution to effort-making in
improving learning.

One possible interpretation for this result was that the My-Competition system
involved the representation of avatars to enhance their presence and participation. More
specifically, because people tend to regard the behavior of their self-images as themselves
[26], the avatars enhanced students’ feelings of telepresence [28]. In particular, while the
students could clearly observe what they did and what the consequence was, the
cause-and-effect relationship between effort-making and the competitive success was
enhanced, which, in turn, fostered the attribution to their effort in improving learning. To
our surprise, two students in CG attributed their success to effort in training pets. Although
students owned My-Pet in the My-Competition system, the My-Pet could not do anything
and stay there. Thus, such a choice, which is a very small portion (n=2), might be due to the
attraction of pet animation or unserious consideration. To this end, there is a need to verify
this issue with further works.

Table 4. Students’ attribution between two groups when winning

Luck Effort Ability
Improving learning Training pet

CG 9 (29%) 15 (48%) 2 (7%) 5 (16%)

EG 5 (14%) 11 (29%) 16 (43%) 5 (14%)

Regarding EG, the number of students’ attribution to effort made in training pets
(n=16) was relatively high than that to effort in improving themselves (n=11), luck (n=5),
and ability (n=5). This difference was statistically significant ( y =9.162, df=3, p<.05).
Since the students in EG wused the My-Pet-My-Arena system, it implied that
My-Pet-My-Arena could facilitate students’ major attribution to effort-making, instead of
other causes (i.e., luck and ability). One possible interpretation for this result was that the
My-Pet-My-Arena system enabled students to play as the role of pet-master, which further
enhanced students’ sense of being as well as the responsibility of taking care of the pets.
This is the reason why they chose this attribution. In addition, some students might be aware
of the fact that spending efforts in training pets can actually improve their learning status.
This might be the reason why some of students attributed their success to the effort made in
improving learning.

Furthermore, when comparing the students’ attribution between CG and EG, it
could be found that the major attributions in CG were effort in improving learning (48%)
and luck (29%), whereas the major attributions in EG were effort in training pets (43%) and
effort in improving learning (29%). A Chi-squire test further indicated that this difference
was statistically significant ( y >=12.213, df=3, p<.01). Such a difference implied that the
students who used the My-Pet-My-Arena system tended to attribute their competitive
success to their effort (72%=43%+29%, in improving learning and in training pets).
Conversely, the attribution of the students using the My-Competition system focused on
effort (48%, in improving learning) and luck (29%). In other words, My-Pet-My-Arena
system could ensure that most of students attributed their competitive success to effort.

A possible reason was that the difference resulted from the different system
instruments: My-Competition system only used the avatars whereas the My-Pet-My-Arena
system used both the avatars and virtual pets. Previous studies had indicated that the use of
avatars could be helpful to self-disclosure [15] because avatars can facilitate the linkage
between users and onscreen characters, which, in turn, increased the sense of participation
[20]. Nevertheless, the difference between these two systems lie within the fact that
My-Pet-My-Arena system also used virtual pets to promote their identity of playing as the
role of master, which further motivated students to do something for their pets.
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Consequently, the My-Pet-My-Arena system had more influences on students’ positive
attribution to effort than My-Competition system.

4.5.2 Students’ attribution when losing

The results of students losing the competition are illustrated in Table 5, which excludes
unstable cases. Regarding CG, the number of students’ attribution to effort made in
improving learning (n=18) was relatively higher than that to luck (n=8), ability (n=4), and
effort in training pets (n=4). A Chi-squire test further showed that this difference was
statistically significant ( y =15.412, df=3, p<.01). Since the students in CG used the
My-Competition system, it meant that most of students who used the My-Competition
system majorly attributed their competitive failure to their effort made in improving
learning. This result was similar to that in students’ success attribution. One possible
explanation was that the My-Competition system enabled the embodied avatars to stand for
students’ presence and participation. In particular, students could clearly observe what they
did and what the consequence was, which further reinforced the positive relationship
between the effort and competitive outcomes (i.e., whatever they won or failed in the
competition). Thus, students tended to attribute the competitive failures to their effort in
improving learning. Beyond our expectation, four students in CG attributed their failures to
effort in training pets, which should not appear in the My-Competition system because the
My-Pet could not do anything and just stay there. Such a choice from a very small portion of
students might be due to the attraction of pet animation or unserious consideration, which
needs to further verify in further works.

Table 5. Students’ attribution between two groups when losing

Luck Effort Ability
Improving learning  Training pet

CG 8 (23%) 18 (53%) 4 (12%) 4 (12%)

EG 9 (23%) 10 (26%) 17 (43%) 3 (8%)

Regarding EG, the number of students’ attribution to effort made in training pets
(n=17) was relatively higher than that to effort in improving themselves (n=10), luck (n=9),
and ability (n=3). This difference was statistically significant ( y >=10.128, df=3, p<.05).
Since the students in EG used the My-Pet-My-Arena system, these results implied that the
My-Pet-My-Arena system could foster students’ major attribution to effort-making (both in
training pets and in improving themselves), instead of other causes (i.e., luck or ability). The
result was also similar to that in students’ success attribution. One possible reason was that
the students’ identity within the My-Pet-My-Arena can be enhanced so as to be a good
master and be more responsible for their pets. Thus, they tended to attribute their
competitive failures to effort made in training pets. In addition, some students might be
aware that the purpose of training pets is actually to improve their learning status. This
might be why some of students attributed their failures to the effort made in improving
learning.

Moreover, when further comparing the students’ attribution between CG and EG, it
could be found that the major attributions in CG were effort in improving learning (53%)
and luck (23%), whereas the major attributions in EG were effort in training pets (43%) and
efforts in improving learning (26%). A Chi-squire test indicated that this difference was
statistically significant ( y 2=10.241, df=3, p<.05). It implied that the students with the
My-Pet-My-Arena system tended to attribute their competitive failure to their effort
(69%=43%+26%, in improving learning and in training pets). By contrast, students using
the My-Competition system emphasized on the attribution to effort (53%, in improving
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learning) and luck (23%). In other words, My-Pet-My-Arena system allowed most of
students to attribute their competitive failure to effort, instead of other factors.

A possible interpretation was that the difference in students’ attribution resulted
from the different system instruments (i.e., My-Competition and My-Pet-My-Arena). More
specifically, although the two systems involved the use of avatars, My-Pet-My-Arena
system used virtual pets to promote their identity of playing as the role of master, which
further reminded students of being responsible. Previous studies have found that pets play a
significant role in children’s lives [19], and it is children’s instinct to approach these pets,
taking good care of them [24]. This might be the reason why the existence of the pets in EG
could facilitate students’ failure attribution to effort in training pets, instead of another
uncertain factor, i.¢., luck attribution in CG.

5. Conclusion

With respect to the second sub-research question—how surrogate affects students’ views to
the competition?, Experiment Two was conducted to compare the differences between
My-Pet-My-Arena and a direct competition system. The results revealed that the
My-Pet-My-Arena system could facilitate most of students to attribute their competitive
outcomes to the effort that they put, rather than other factors, no matter when they win or
lose in the competition. However, due to the limitations of this study, further studies are
required. In particular, although this study showed positive effects of surrogate competition
on students, it was merely a short-term study. There is a need to examine the long-term
effects of surrogate competition in the future.
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