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Abstract: Motivation is an essential element for successful learning, the process of goal 
setting can be an important source of motivation. On the other hand, video games can also 
motivate students’ learning motivation. Thus, this study designed a negotiation mechanism 
in a game-based learning environment to increase students’ learning motivation. Game was 
used to initiate students’ learning motivation and provide feedbacks. The negotiation 
mechanism was used to help students set learning goals to maintain their learning 
motivation. The results showed that the game environment engage students in the learning 
tasks and helped low-confidence students improve their self-efficacy. 
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1. Introduction 
 
Mathematics is an important subject in elementary schools. However, it is also a subject that 
students tend to avoid facing it. For example, a survey  indicated that mathematics is the 
most unpopular subject among students in grade one to grade nine in Taiwan; more and 
more students had low motivation to learn mathematics with the increase of their age [4]. A 
possible way to improve a student’s motivation in a learning task is helping them set up a 
goal. Past studies [1][14] indicated that the process of setting a goal actively can be an 
important source of motivation. Furthermore, providing a feedback after achieving the goal 
of a task raises self-efficacy [15] and improves performance on a task [7]. On the other hand, 
video game is considered to be another element that stimulates students’ learning 
motivation [8]. Thus, this study proposed a negotiation mechanism which aims at helping 
students set up learning goals when learning mathematics in a digital game-based 
environment. 
 
 
2. Literature Review 
 
Motivation is regarded as a necessary condition for successful learning [9][10]. From 
educational point of view, motivation drives a student to participate in a learning process 
and directs the student to successful learning. In other words, it attempts to reinforce 
students’ engagement to a learning task [2]. Thus, there is a need to evoke and maintain a 
student’s learning motivation to produce a successful learning experience. Goal setting is 
one of the ways to induce a student’s learning motivation. 
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2.1 Goal setting Theory 
 
A number of studies indicated that goal setting enhanced self-efficacy [13][17], which is 
one’s belief of capabilities to mobilize the motivation [18]. In addition, a specific goal 
pushes an individual to concentrate on the ongoing task, guide the individual to make effort 
to goal related activities, and neglect irrelevant events [16]. When the goal is accomplished, 
it would provide an invisible feedback to appreciate the individual’s ability and effort; 
therefore the confidence of the individual is strengthened. Furthermore, Locke [6] found 
that specific hard goals resulted in better performance than easy goals, do-your-best goals 
and no goals.  
Goal setting can be summarized into three different types according to how the goal was 
decided: (1) self-selected goals, (2) assigned goals, and (3) participative goal setting. A 
self-selected goal means an individual can select a goal for herself/himself based on the 
individual’s confidence, ability, and prior knowledge. An assigned goal refers to the goal 
was assigned by people who is in higher position or authority. The participative goal setting 
usually occurs in a workgroup which allow members to join the process of deciding goals 
[3]. The comparison of these goal setting approaches is summarized in Table 1.  
 
Table 1. Comparison of three types of goal setting 
 Self-selected goals Assigned goals Participative goal setting
Goal quantity Many Usually one Several 
Intrinsic 
Motivation Very high Depends on the 

property of tasks High 

Possible 
advantages 

People choice a goal 
based on their own 
ability 

A challenging task 
may encourage 
subordinates to 
prove their ability 

Members in the same 
team make efforts to 
maximize the common 
benefit 

Possible 
disadvantages 

People may decide a 
non challenging goal 

People may lack 
intrinsic motivation 

An individual may need 
to compromise to the 
common goal 

 
In an individual learning situation, teachers often directly assign goals to students, however, 
students may not accepted the goal willingly. If students are allowed to choose their own 
goal, low-confidence students may set a goal that is below their ability. For participative 
goal setting, it is more suitable to apply for teamwork. Therefore this study designed an 
alternative method—negotiation mechanism to help students set learning goals. 
 
2.2 Game-based learning 
 
Digital game is another source to evoke student’s learning motivation. Previous research 
showed that game can also enhance students’ motivation when they carrying out learning 
tasks [11][12]. For example, Klawe and her colleagues launched a project, “E-GEMS”, in 
which they designed some computer games for students to learn math and science [5]. The 
results showed that those computer games increased students’ learning motivation.  
From the aforementioned studies, the motivational benefit of goal setting is the process that 
a student makes a commitment to a learning goal. This process encourages the student to 
keep making efforts to attain the goals. On the other hand, digital games can attract students’ 
attention and initiate their learning motivation. Thus, this study applied a negotiation 
mechanism in a game-based learning environment to trigger and maintain students’ learning 
motivation and maximize their learning performance. 
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3. Design 
 
3.1 Negotiation mechanism for goal setting 
 
The negotiation mechanism was derived from the aforementioned goal setting approaches. 
More specifically, it is more closed to the participative approach. The differences between 
negotiation mechanism and participative goal setting are listed in Table 2. 
 
Table 2. Comparison between negotiation mechanism and participative goal setting 
 Negotiation mechanism Participative goal setting 
Participants Two At least two, usually a team 

Method One to one 
 (student vs. virtual character) One to many or many to many 

Who leads the 
discussion The student Authority or the team leader 

Relationship of 
participants 

The virtual character plays as a 
suggestion provider Hierarchical relationship 

 
Two principles were considered in the design of the negotiation mechanism: (1) a 

specific and hard goal pushes a student to produce better performance; (2) the goal must be 
achievable for the student. Thus the student can really make a commitment to the goal and 
make efforts to complete the task [16]. The process of the negotiation goal setting contains 
four steps:  

 Step 1: Choose a goal. The system shows a list of goals with different levels of reward. 
The student then selects a goal based on the self-evaluation of her/his ability and 
confidence. Meanwhile, the system predicts the student’s performance based on the 
student’s portfolio.  

 Step 2: Negotiation. The system starts to negotiate with the student. If the student’s goal 
matches the system’s prediction (i.e. a bit higher than the student’s ability), the student 
enters the execution step to solve problems. If the student overestimates or 
underestimates her/his ability, the system starts to bargain with the student to get a 
common goal which satisfies both sides. The student can, of course, neglect the 
system’s intervention. 

 Step 3: Execution. After the goal is set, the student then starts to work for the goal. 
 Step 4: Reward:  Students get feedbacks and reward from the system.  

 
 
3.2 System 
 
The system used in this study contains a learning portal, which serves as a Learning 
Management System. Two modules, pet nurturing module and learning module are coupled 
by tasks and reward. In order to raise the pet, students have to complete some assigned 
missions (learning tasks). The negotiation mechanism directs students to set a goal. After 
completing the mission, the students enter farms to collect materials as rewards, the quantity 
and quality of materials is generated depends on what level of goal they  achieved. The flow 
of a goal setting process in this study is illustrated in Figure 1.  
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Preview the content and select a goal Negotiation Get rewards 

Figure 1. Process of a round of task
 
4. Pilot Study 
 
Eight primary school students participated in the pilot study. Their ages were between 9-10 
years old. There are nine sub-tasks in the whole learning session; students had to set a goal 
for each sub-task. The pilot study lasted for 40 minutes. Students’ data log was analyzed to 
investigate: (1) whether this negotiation mechanism enhances students’ self-efficacy; (2) 
whether there are some patterns of goal setting for students with different level of ability and 
confidence. 
 
5. Result 
 
Students’ data showed that they tended to accept system’s suggestions when the system 
suggested them to heighten their goals. On the contrary, students tend to reject system’s 
suggestion when the system asked them to lower their goals. The students’ goal setting data 
were classified into four categories according students’ ability and self-confidence. 

 High ability-low confidence 
Two students were identified as high ability-low confidence. Students in this category 
usually set the lowest level of goal in the beginning. After finding that the students were 
able to challenge higher goals, the system intervened in the goal-setting process in next 
round. Then the student and the system come to a common goal.  After completing the 
goal successfully, the students started to set the highest goal in following rounds. 
However, if they did not achieve the goal, their confidence then dropped to the lowest 
level in next round. The system again negotiated with the students and helped them to 
raise their goal. 

 High ability-high confidence 
This type of students always set the highest goal, Even they did not attain their preset 
goal. 

 Low ability-low confidence 
This type of students tended to set lower goals. They always set goals less than the 
medium value. However, the negotiation mechanism helped them to set higher goals. 
And the confidence of the students seemed to be improved gradually in the following 
rounds.  

 Low ability-high confidence 
No student was classified into this category in this study. 
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6. Discussion 
 
From the result of this study, students were classified into four categories according to their 
ability and confidence. For high-ability-high-confidence students, it seems that they had 
high self-efficacy originally. For low confident students in this study, especially for 
low-ability-low-confidence students, the negotiation mechanism seemed to help them 
establish their self-confidence gradually and meanwhile improved their self-efficacy. Since 
this study is in its beginning stage, and there were only eight students participated the pilot 
study. The data may not enough to conclude general rules. Further studies are needed to 
investigate the relationship among student’s ability, self-confidence, self-efficacy, and 
motivation. More different level of contents are also needed to identify the goal setting 
behaviors of high ability students, since the content used in this study was too easy for them. 
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