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Abstract In this study, a mathematical game-based learning environment is

developed on e-books for helping children reduce mathematical anxiety and

improve their self-efficacy, motivation, and achievements in learning mathematics.

To evaluate the effectiveness of the proposed approach, an experiment was con-

ducted on an elementary school mathematics course. With quasi-experimental

research, a total of 69 pupils in three classes were selected as the research subjects.

One class was assigned to be experimental group A, another class was experimental

group B, and the third was the control group. Each group consisted of 23 students.

In the experimental process, the three groups took pre-tests, had experimental

instruction, and then took post-tests. The experimental results show that the game-

based e-book learning model effectively promoted the students’ learning achieve-

ment, self-efficacy, and motivation of mathematics. However, no significant dif-

ferences were found between the mathematical anxiety ratings of the three groups.
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Background and motivation

Reducing students’ mathematical anxiety, as well as promoting their mathematics

self-efficacy, learning motivation, and learning achievement has been recognized as

a challenging and important issue (Guilford 1980; Peters 2013; Tapia and Marsh

2004; Vukovic et al. 2013). Educators have tried to cope with this problem by

proposing effective teaching strategies or tools in traditional instructional settings.

Nevertheless, researchers have found that mathematics remains a forbidding course

for many students, so that those students do not try to find the answers when

encountering difficulties during the learning process, which seriously affects their

learning outcomes (Guilford 1980; Messick 1994).

The advancement and popularity of computers and multimedia technologies have

encouraged researchers to develop digital content and systems for mathematics

courses. For example, Morales (2005) provided mathematical lessons on a website

for engaging student in self-learning, and found that the time for remedial

instruction was significantly reduced. Damian and Duguid (2004) reported that the

application of multimedia and enjoyable tasks to mathematical concepts could assist

students in mathematical learning and help them apply the concepts to daily lives.

Nguyen et al. (2006) further indicated that web-based learning allowed students to

enhance their mathematical learning attitude and promote their learning motivation,

as the interactive and instantly responsive instructions could help students construct

knowledge (Steen et al. 2006; Moyer et al. 2008).

On the other hand, Hennessy et al. (2007) indicated that the interactive records of

information technology instructions could allow teachers to reflect and improve the

curriculum design, as well as cultivate student capabilities of independent thinking

and problem solving. Jewitt et al. (2007) regarded that the discussions between

teachers and students through technology allowed the curriculum to be closer to

students’ thinking and further promoted their learning quality. Apparently,

technology-supported learning and interactions could cultivate students’ construc-

tion of mathematical knowledge and enhance their learning motivation.

Many of previous studies have paid attention to the students’ motivation in

learning mathematics (Hwang et al. 2013; Sins et al. 2008). For example, Legault

and Green-Demers (2006) pointed out that lack of learning motivation is the critical

problem in the present educational environment. That is, it is important to promote

students’ learning motivation in order to improve their learning achievement of

mathematics. Vansteenkiste et al. (2006) further stated that the way of presenting

the learning materials could affect students’ learning motivation for mathematics.

Several researchers have also addressed similar issues. For example, Alavi et al.

(2002) indicated that information technology-enhanced learning could be a solution

for promoting students’ mathematics learning motivation; Cramer et al. (2008) also

indicated that using multimedia to present learning materials could be helpful to

children in learning mathematics. Kuo (2007) reported that digital games could

provide a learning environment that attracts students’ interest in learning

mathematics. Several recent studies have also reported that educational computer

games have the potential of promoting students’ learning motivation, which could

result in good learning achievement (Burguillo 2010; Liu and Chu 2010; Dickey
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2010; Houssart and Sams 2008; Huang 2010; Hwang et al. 2013; Sung and Hwang,

2013).

Although previous studies have revealed the effects of multimedia or digital

games on promoting students’ learning interests and motivations, the impacts of

multimedia or digital games on students’ self-efficacy of learning mathematics, as

well as their learning achievements were seldom investigated; moreover, it has not

been reported whether the students’ mathematical anxiety can be reduced with those

technology-enhanced learning approaches. Students’ self-efficacy and deducing

anxiety have been recognized as important factors to be considered in educational

settings (Li et al. 2011); in particular, in mathematics courses (Schunk 2007).

Researchers have pointed out that mathematics anxiety could be one of the key

factors that significantly affect students’ learning motivation and performance

(Clute 1984; Bagaka’s 2011). Moreover, students’ mathematics self-efficacy could

be improved via reducing their mathematics anxiety, which could be helpful to them

in improving their learning efficacy (Peters 2013), attitude, and interest (Louis and

Mistele 2012). Therefore, it is an important and challenging issue to propose new

learning strategies or tools to reduce students’ mathematics anxiety and promote

their self-efficacy.

In this study, a game-based learning approach is proposed by integrating

mathematics content into computer games on mobile devices. Moreover, an

experiment has been conducted on an elementary school mathematics course to

investigate the following research questions:

1. Can the game-based mathematics learning approach improve the students’ self-

efficacy in comparison with the conventional technology-enhanced learning

approach and traditional instruction?

2. Can the game-based mathematics learning approach promote the students’

learning motivation in comparison with the conventional technology-enhanced

learning approach and traditional instruction?

3. Can the game-based mathematics learning approach decrease the students’

mathematical anxiety in comparison with the conventional technology-

enhanced learning approach and traditional instruction?

4. Can the game-based mathematics learning approach improve the students’

learning achievement in comparison with the conventional technology-

enhanced learning approach and traditional instruction?

Literature review

Digital Game-based Learning (DGBL) refers to the development and use of

computer games for educational purposes (Prensky 2001). A DGBL activity

engages students in the process of problem solving or knowledge acquisition when

facing the challenges presented by the game (Huang et al. 2010b, 2013). It is

expected that, by adding instructional objectives and materials into digital games,
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students’ learning motivation would be enhanced because of the challenging and

enjoyable nature of the games (Hwang et al. 2012). In recent years, various studies

related to DGBL have been reported, revealing the potential of this approach

(Hwang et al. 2012; Villalta et al. 2011). For example, the study of Wang and Chen

(2010) showed that, with the DGBL approach, students were highly involved in

programming activities, which have been recognized as being difficult and boring

tasks to most students. Dickey (2011) found that the DGBL approach could promote

students’ intrinsic motivation. In the meantime, Yien et al. (2011) also reported the

positive effect of computer games on students’ learning achievement in a nutrition

course. The study of Hung et al. (2012) further showed that, with proper design,

digital games could improve students’ spatial cognition ability. From the literature,

it is found that DGBL could be a good approach for improving students’ learning

motivation and achievement in mathematics.

On the other hand, several studies have reported the benefits of using e-books

with wireless communication facilities, while conducting technology-enhanced

learning approaches (de Jong and Bus 2002; Janssens and Martin 2009; Siegenthaler

et al. 2010; Min et al. 2011). For example, Gil-Rodrı́guez and Planella-Riberause

(2008) indicated that e-books could promote interaction between peers. In addition,

both the studies of Stepath (2004) and Shamir and Shlafer (2011) indicated that the

use of e-books was beneficial to students’ learning outcomes. Based on a large-scale

survey, Lee (2012) reported that using e-books to access and execute application

programs significantly promoted individuals’ perceived usefulness and perceived

ease of use in technology-enhanced learning activities. Consequently, in this study,

e-books were chosen as the platform of executing the digital games.

Methods

In this study, a pre-test and post-test-designed quasi-experiment was conducted. The

independent variables were the different modes of learning, that is, the DGBL

approach on e-books, the technology-enhanced learning approach on e-books, and

traditional instruction. The dependent variables were learning achievement, self-

efficacy, mathematical motivation, and mathematical anxiety.

Participants

The participants were 68 fifth graders in three classes of an elementary school. One

class with 23 students (11 males and 12 females) was experimental group A, one

class with 23 students (12 males and 11 females) was experimental group B, and the

other class with 23 students (13 males and 10 females) was the control group. To

prevent the experimental results being affected by different instructors, the selected

classes were taught by the same instructor. The students in experimental group A

learned with the DGBL approach on e-books, the ones in experimental group B

learned with the technology-enhanced learning approach on e-books, while those in

the control group learned with the traditional instruction approach.
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Measuring tools

The pre-test aimed to evaluate the prior knowledge of the students before the

learning activity. It consisted of nine multiple choice, eleven fill-in-the-blank, and

five short-answer items with a perfect score of 100. The post-test was developed

based on the learning objective of the learning activity. It contained 37 items,

including five multiple choice, sixteen fill-in-the-blank, and fifteen short-answer

items, also with a perfect score of 100. Both tests were developed by two teachers

who had more than 10 years’ experience in teaching Mathematics.

The self-efficacy scale, learning motivation scale, and mathematical anxiety scale

originated from the measurement developed by Fennema and Sherman (1977). A

five-point rating scheme was employed, where 5 represented ‘‘extremely agree’’ and

1 represented ‘‘extremely disagree.’’ The Cronbach’s a coefficients for the three

sub-scales were .91, .84, and .90, presenting the internal consistency with favorable

reliability.

The game-based learning system

The framework was divided into the administrative end and the user end, as shown

in Fig 1. The former presented four functions, namely instruction management,

material management, synchronization management, and operation management.

Instruction management controlled the learning condition of the students; material

management was used to compile e-books for instruction; synchronization

management presented the students’ use of the e-book and the records of their

learning condition; while operation management aimed to manage students’

assignments. The administrative end could directly compile e-books and remind the

user end to install or update the e-books through the cloud learning system.

Student  interface

Server

Download 
educational 

games

Execute 
educational 

games
Make 

annotations
Upload 

homework

Manage 
instructional 

materials

Manage 
learning 
sheets

Interact with 
students

Assign 
homework

Teacher  interface

Fig. 1 Mathematics game-based learning environment with e-books
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The user end utilized tablet computers with the Android operation system, which

provides four major functions, that is, downloading educational games (APP’s),

executing educational games, making annotations, and uploading homework. On the

other hand, teachers can provide instructional materials and learning sheets, interact

with students, and assign homework via the teacher interface.

The unit of ‘‘Line symmetry figures’’ in the elementary mathematics course was

designed for the game-based learning model. It included the ‘‘Awareness of line

symmetry figure-related buildings in life’’ (a game of selecting the two completely

equivalent figures from three), ‘‘Knowing axis of symmetry and counting axis of

symmetry’’ (games of a rhombus being folded for up–down or left–right

overlapping figures, and an isosceles triangle being folded for left–right overlapping

figures), ‘‘Knowing point of symmetry, side of symmetry, and angle of symmetry’’

(a game of line symmetry figures), ‘‘Drawing line symmetry figures’’ (a game of

drawing line symmetry figures with grids), and ‘‘Exercise’’ units. Figure 2 shows

the learning scenarios of using e-books to play the mathematics games in the

classroom.

Figure 3 shows the interface of the ‘‘Brick Breaker’’ game, which was designed

for the ‘‘Activities for knowing point of symmetry, side of symmetry, and angle of

symmetry’’ unit. When the students broke a specific brick, the learning system

showed a question related to the point of symmetry, side of symmetry, and angle of

symmetry of a graph. If the students correctly drew the symmetry lines, they would

be awarded additional points.

Fig. 2 Learning scenarios of using the mathematics game-based learning system in the classroom
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Experimental procedure

Figure 4 shows the experimental procedure, which consists of three stages, that is,

the pre-test, the introduction to the tools and learning tasks, and the post-test and

post-questionnaires.

In the first stage, all of the students took the mathematical course pre-test, and

completed the self-efficacy scale, mathematical motivation scale, and mathematical

anxiety scale pre-questionnaire. The total time for this stage was 60 min.

The graphical 
question

The symmetry lines 
drawn by the student

Accumulated bonus

Available lives

Fig. 3 Interface of the ‘‘Brick Breaker’’ game

60 Min.

Experimental group A
(N=23)

Experimental group B
(N=23)

Control group
(N=23)

120 Min.

240 Min.

Post-test and scales of learning motivation and mathematical anxiety

Pre-test and scales of learning motivation and mathematical anxiety

Digital game-
based learning

Technology-
enhanced 
learning

Traditional 
instruction

Interviews

Fig. 4 Experiment procedure
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Following the instruction, a 240-min learning activity was conducted. During the

learning activity, the students in experimental group A learned with the game-based

learning approach using e-books. The students in experimental group B learned with

the learning system on e-books. On the other hand, the students in the control group

learned with traditional teacher-directed instruction.

In the final stage, all of the students took the post-test, and completed the self-

efficacy scale, mathematical motivation scale, and mathematical anxiety scale post-

questionnaire. The total time for this stage was 120 min. Following that, some

students in the experimental groups were interviewed by the researchers.

Experimental result

Self-efficacy

A pre-questionnaire was used to measure the self-efficacy of the students in learning

the target course before the experiment. Table 1 shows the ANOVA result of the

pre-questionnaire ratings. It was found that the self-efficacy among the three groups

did not appear to be significantly different, with F = 1.38 (p [ .05), implying that

the three groups presented equivalent self-efficacy before participating in the

learning activity.

After the learning activity, ANCOVA was used to compare the post-question-

naire ratings of the students’ self-efficacy by excluding the impacts of the pre-

questionnaire ratings. Table 2 shows the ANCOVA result. The adjusted means of

experimental group A, experimental group B, and the control group were 3.60, 3.67,

and 3.27, respectively. Moreover, it was found that the three groups had significant

differences on the self-efficacy ratings, with F = 3.67 (p \ .05). The pairwise

Table 1 ANOVA result of the self-efficacy pre-questionnaire ratings of the three groups

Group N Mean SD F

(EA) Experimental group A 23 3.53 .62 1.38

(EB) Experimental group B 23 3.19 .71

(C) Control group 23 3.30 .76

Table 2 ANCOVA result of the self-efficacy post-questionnaire ratings of the three groups

Group N Mean SD Adjusted mean F (2, 65) Pairwise

comparisons

(EA) Experimental group A 23 3.74 0.79 3.60 3.67* (EA) [ (C)

(EB) Experimental group B 23 3.56 0.64 3.67 (EB) [ (C)

(C) Control group 23 3.24 0.82 3.27

* p \ .05
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comparisons further showed that both experimental groups A and B outperformed

the control group, implying that both DGBL and digital instructional materials on

e-books could significantly improve the students’ self-efficacy in comparison with

the traditional instruction model.

Learning motivation

Learning motivation has been identified as being an important dimension of

evaluating DGBL approaches (Dickey 2011), in particular, for the learning activities

in mathematics courses (Messick 1994). In this study, a pre-questionnaire was used

to measure the students’ motivation of learning mathematics before the experiment.

As shown in Table 3, the ANOVA result revealed no significant difference between

the learning motivation ratings of the three groups, with F = 1.0 (p [ .05), before

participating in the learning activity.

After the learning activity, ANCOVA was used to compare the students’

mathematical learning motivation by excluding the impacts of the pre-questionnaire

ratings. Table 4 shows the ANCOVA result. The adjusted means of experimental

group A, experimental group B, and the control group were 3.78, 3.56, and 3.22,

respectively; moreover, the learning motivations of the three groups had significant

differences, with F = 3.87 (p \ .05). By applying pairwise comparisons, it was

found that experimental group A had significantly higher learning motivation than

the control group, while no significant difference was found between the two

experimental groups or between experimental group B and the control group,

implying that the game-based learning approach could better enhance the students’

motivation of learning mathematics than traditional instruction.

Table 3 ANOVA result of the learning motivation pre-questionnaire ratings of the three groups

Group N Mean SD F

(EA) Experimental group A 23 3.00 0.00 1.00

(EB) Experimental group B 23 3.00 0.00

(C) Control group 23 3.00 0.02

Table 4 ANCOVA result of the learning motivation post-questionnaire ratings of the three groups

Group N Mean SD Adjusted

mean

F (2, 65) Pairwise

comparisons

(EA) Experimental group A 23 3.78 0.72 3.78 3.87* (EA) [ (C)

(EB) Experimental group B 23 3.56 0.56 3.56

(C) Control group 23 3.23 0.72 3.22

Total number of students 69 3.52 0.70

* p \ .05
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Mathematical anxiety

Mathematical anxiety has been a widely discussed issue for decades (Fennema and

Sherman 1977). It has been recognized by educators as an important and

challenging issue to decrease the mathematical anxiety of students (Cates and

Rhymer 2003). In this study, a pre-questionnaire was used to measure the

participants’ mathematical anxiety before the experiment. As shown in Table 5, the

ANOVA result showed no significant difference between the mathematical anxiety

ratings of the three groups, with F = 2.80 (p [ .05), before participating in the

learning activity.

After the learning activity, ANCOVA was used to compare the students’

mathematical anxiety by excluding the impacts of the pre-questionnaire ratings.

Table 6 shows the ANCOVA result. The adjusted means of experimental group A,

experimental group B, and the control group were 3.32, 3.46, and 3.54, respectively.

The differences between the three groups were not significant, with F = 1.14

(p [ .05).

Learning achievement

A pre-test was conducted before the experiment to evaluate the basic mathematical

knowledge of the students. Table 7 shows the pre-test scores of the three groups.

Table 5 ANOVA result of the mathematical anxiety pre-questionnaire ratings of the three groups

Group N Mean SD F

(EA) Experimental group A 23 3.44 .83 2.80

(EB) Experimental group B 23 3.76 .72

(C) Control group 23 3.24 .67

Table 6 ANCOVA result of the mathematical anxiety post-questionnaire ratings of the three groups

Group N Mean SD Adjusted mean F (2, 65)

(EA) Experimental group A 23 3.29 0.70 3.32 1.14

(EB) Experimental group B 23 3.65 0.74 3.46

(C) Control group 23 3.37 0.73 3.54

Table 7 ANOVA result on the pre-test scores of the three groups

Group N Mean SD F

(EA) Experimental group A 23 75.48 16.07 .50

(EB) Experimental group B 23 79.35 15.55

(C) Control group 23 79.48 14.48
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The ANOVA result shows that the pre-test scores of the three groups did not appear

to have significant differences, with F = .50 (p [ .05), showing that the three

groups presented equivalently basic mathematical knowledge before the

experiment.

After the experiment, the students’ pre-test scores were regarded as the

covariance of ANCOVA to exclude the effects of the pre-test on the students’

learning achievement. Table 8 shows the ANCOVA result. The adjusted means of

experimental group A, experimental group B, and the control group were 92.88,

87.41, and 86.80, respectively. The variance F = 4.71 (p \ .05) indicated the

existence of significant differences between the post-test scores of the three groups.

From pairwise comparisons, it was found that experimental group A outperformed

experimental group B and the control group, while there was no significant

difference between experimental group B and the control group.

This result demonstrates that the mathematical game-based learning model could

better promote pupils’ mathematical learning outcomes than the mobile game

learning model and the traditional instruction model.

Interviews with the experimental groups after implementing the mobile game-

based learning model

The students in experimental group A were interviewed after the experiment. The

interview questions were related to the effectiveness of the digital game-based

mathematics learning with e-books and their willingness of learn with such an

approach. From the feedback of the students, it was found that ‘‘interesting’’ and

‘‘effective’’ were the notable features of learning mathematics with the digital

games on the e-books.

In terms of ‘‘interesting,’’ 15 students mentioned that the game-based learning

model was interesting and helpful for learning mathematics without pressure. For

example, A3, A4, and A20 stated that, ‘‘It is more interesting than traditional

instruction. I can operate it and learn better.’’ A4, A8, and A11 stated, ‘‘It is more

convenient and interesting than traditional instruction. I can learn more new

knowledge.’’ A15, A20, and A21 commented, ‘‘It is interesting, not boring, without

pressure, and it’s more fun.’’ A14 mentioned, ‘‘I feel relaxed to learn in this way, as

I am not interested in raising my hand to ask questions in traditional instruction,’’

Table 8 ANCOVA result of the post-test scores of the three groups

Group N Mean SD Adjusted

mean

F (2,65) Pairwise

comparisons

(EA) Experimental group A 23 92.09 9.66 92.88 4.71* (EA) [ (EB)

(EB) Experimental group B 23 87.78 8.60 87.41 (EA) [ (C)

(C) Control group 23 87.22 7.47 86.80

Total number of students 69 89.03 8.77

* p \ .05
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while A2, A9, A10, and A22 indicated that ‘‘The games are interesting. I almost

forgot that I was learning mathematics.’’

In terms of ‘‘effective,’’ 12 students mentioned that the DGBL with e-books

enabled them to learn in a more effective and efficient way. For example, A23 said

that ‘‘Presenting the learning content in the digital games on e-books makes

mathematics knowledge easy to understand. Those games are helpful to me in

learning mathematics.’’ A1, A19, and A23 indicated that ‘‘It is great to learn

mathematics in this way. We can play mathematical games and make notes about

what we do not understand. It is helpful to do that.’’ A2 and A22 mentioned, ‘‘After

learning with the digital games on e-books, mathematics becomes easier and

understandable for me. I can solve more difficult questions now.’’ A22 mentioned

that ‘‘I prefer lessons with the cloud e-book, as it can help me quickly understand

mathematics.’’ A7, A9, A12, and A15 indicated that ‘‘It is easy to learn and my

mathematics knowledge has improved.’’ A17 and A19 further indicated that ‘‘The

e-books are handy and convenient for learning.’’

Furthermore, several students revealed their future desire to use the DGBL

approach in mathematics and other courses. For example, A2, A4, A5, A9, A10,

A19, and A26 mentioned that ‘‘It is fun and I wish to continuously learn

mathematics in this way so as to increase my mathematical knowledge.’’ A3, A6,

A16, and A17 stated that ‘‘It is effective and interesting. I think it can be used for

learning science and social studies.’’ A18 commented that ‘‘It can be used for

learning English.’’ A08 mentioned that ‘‘Since it is convenient, I wish it could be

applied to every subject.’’

Discussion and conclusions

In this study, a DGBL environment for mathematics courses was developed. The

students can access the digital mathematical games via e-books with wireless

communications. To evaluate the effectiveness of the proposed approach, a learning

activity of an elementary school mathematics course was conducted to compare the

learning achievements, learning motivations, self-efficacy, and mathematical

anxiety of the students who learned with the DGBL approach, conventional

e-learning approach, and traditional instruction.

From the experimental results, it was found that both the DGBL group and the

e-learning group revealed significantly higher self-efficacy of learning mathematics

than the traditional instruction group. As self-efficacy refers to one’s belief or

expectation in successfully completing some tasks or achieving some specific

objectives (Bandura 1988), it is inferred that provision of practice and instant

feedback using computer and information technologies (e.g., e-books, wireless

networks, and multimedia) is able to encourage students to learn mathematics better.

Although the students in the e-learning group did not show significantly higher

learning motivation and achievement than the traditional instruction group at the

time, their self-efficacy reveals the potential of making progress in learning

mathematics in the future.
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On the other hand, it was found that the DGBL group outperformed the other two

groups in terms of learning achievements, while the learning achievements of the

e-learning group and the traditional instruction group did not have a significant

difference. This finding is not obvious, since some previous studies have reported

unfavorable results or negative effects of DGBL on students’ learning performance

(Charsky and Ressler 2011; Pierfy 1977; Randel et al. 1992). In the meantime, it is

interesting to find that the students in the game-based learning group showed

significantly higher learning motivation than those in the traditional instruction

group, while the learning motivations of the e-learning group and the traditional

instruction group were not significantly different. From these experimental results

and the students’ interview feedback, it is inferred that learning with digital games

on e-books is able to attract the attention of students and engage them in

mathematical practices, which could be the reason why the students had

significantly better mathematical achievements than others.

In terms of mathematical anxiety, there were no significant differences between

the three groups. Moreover, from the pre-questionnaire and the post-questionnaire

ratings, it was found that the mathematical anxiety ratings of both the DGBL group

and the e-learning group decreased after the learning activity, while that of the

traditional instruction group increased. This implies that computer and information

technologies and gaming strategies have good potential for decreasing the

mathematical anxiety of students. That is, it is worth developing and utilizing

digital mathematics games in the future.

In the future, some improvements can be made to the present gaming model.

First, the current digital games are designed for individuals, although the students

can communicate with their peers and the teacher. It would be more interesting and

effective if the mathematics games were designed for the students to complete

gaming missions, as well as learn mathematics collaboratively or competitively

(Villalta et al. 2011; Hwang et al. 2012). Second, most mathematical games,

including the ones used in this study, do not situate students in authentic learning

scenarios that engage them in solving real-world problems with mathematical

knowledge. To overcome these drawbacks, we are planning to conduct a project to

develop mathematics games that engage students in solving real-world problems

collaboratively via mobile devices with wireless communications. Moreover, we

also plan to generalize the games by providing an interface that allows researchers

and instructors to modify the learning content in the games to meet the needs of

different courses.
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