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Abstract This study examined the effects of using an online flexible educational game on

students’ attitude towards mathematics as compared to the traditional method of solving

mathematical problems. Moreover, the study assessed the learning effectiveness of the

game and investigated potential gender differences in the game’s effectiveness on

changing students’ attitude. The participants of the study were 79 students who were

randomly assigned to a control and treatment group, as well as four coordinator teachers.

The game was configurable and it was used as a supplementary teaching method. The

intervention lasted 14 weeks and the data collection was based on quantitative measures

and interviews. The results of the analysis indicated that the game approach was effective

on improving students’ attitude towards mathematics and that it also resulted in better

learning outcomes in the treatment group as compared to that of the control group. Fur-

thermore, it was shown that the gender of the students did not influence the positive effect

of the game on students’ attitude. These results suggest that the incorporation of flexible

games into the traditional teaching of mathematics could possibly bring beneficial effects.

Keywords Digital game-based learning � Secondary education � Mathematics � Flexible
games

Introduction

Computer games constitute one of the most popular and enjoyable leisure activities for

children and young adolescents (Fromme 2003), and they play a major role in their lives

(Kafai 2001). According to Malone and Lepper (1987), computer games are so captivating,

because they contain challenge, curiosity, and fantasy. Additionally, it has been suggested
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that computer games, apart from their entertainment qualities, can also have attributes that

make them potentially effective instructional tools. More specifically, scholars have long

argued that computer games provide a source of motivation for active and intense

engagement in challenging activities (Kafai 2001; Rieber 1996), foster communication and

collaboration among players (Facer 2003), and support the development of a range of

skills, either relevant to the content of the specific game, such as problem-solving and

memorization, or resulting from teamwork, such as peer-tutoring, and co-learning

(McFarlane et al. 2002).

Given the aforementioned benefits, there has been an ongoing interest in the potential

use of computer games for educational purposes. To this point, there are various empirical

studies that demonstrate the positive effect of computer games on student engagement and

achievement, in various subject areas, such as mathematics and sciences (Annetta et al.

2009; Shin et al. 2012), history and geography (Squire 2005), and language (Chen and

Yang 2013), and provide evidence of the motivational appeal of computer games (Barab

et al. 2005; Facer 2003). As a result, models that identify the possible effects of computer

games have also been developed; for instance, according to Garris et al. (2002), there are

skill-based outcomes (e.g. technical or motor skills), cognitive outcomes (e.g. declarative,

procedural, and strategic knowledge), and affective outcomes (e.g. feelings of self-efficacy,

beliefs or attitudes).

As stated by Connolly et al. (2012) in their literature review, affective and motivational

outcomes are among the most frequent effects of playing games. However, it should be

noted that, according to other major reviews of the educational gaming literature, the

reported empirical results concerning the use of computer games as educational tools,

especially when compared to conventional instructional methods, are either conflicting or

unclear (Vogel et al. 2006). Moreover, there is no evidence demonstrating that games are

the preferred or most suitable instructional method for all situations (Hays 2005). Addi-

tionally, as Ke (2009) points out, the majority of the studies that focus on the use of

computer games in education are short-term, as they lasted no more than 2 h, and, hence,

there is a need for more longitudinal studies. Young et al. (2012) also emphasize the lack of

longitudinal studies that could examine the long-term effects of computer games on stu-

dents’ behavior and attitudes.

Taking the above into consideration, an online two-dimensional computer game was

constructed in order to support the teaching of mathematics in secondary school class-

rooms. Special attention was paid so that the game is flexible, by allowing the educator to

easily change its exercises and overall content via an administration panel. The subject of

mathematics was chosen for the following reasons: (a) many students face mild to severe

learning difficulties in the particular subject; these learning difficulties are common, sig-

nificant and require instructional attention (Geary 2011); (b) there are several students with

negative attitude towards mathematics, which results in low performance (Kargar et al.

2010); and (c) as a consequence, students with negative perception of mathematics avoid

situations in which they have to perform mathematical calculations, resulting in disen-

gagement and even less competence (Maloney et al. 2013).

Indeed, it has long been argued that beliefs, attitudes, and emotions, which are used to

describe a variety of affective responses to mathematics, are important factors that should

be considered in mathematics education research (Di Martino and Zan 2011). In particular,

much attention has been focused on the concept of attitude, which according to Hannula

(2002), refers to ‘‘someone’s basic liking or disliking of a familiar target’’. Regarding

attitudes towards mathematics, it has been suggested that they are influenced by experi-

ences (Aiken and Dreger 1961; Di Martino and Zan 2011), and they develop with time, in
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two distinct ways: (a) they may stem from the automatizing of a repeated emotional

reaction to mathematics, or (b) from the assignment of pre-existing attitudes to new, but

relevant tasks (McLeod 1992; Di Martino and Zan 2011). It is noteworthy that a large body

of literature indicates that female students tend to hold more negative attitudes towards

mathematics than male students (Else-Quest et al. 2010; Leder 1995), whereas they are

often less confident about their math abilities (Fredricks and Eccles 2002; McGraw et al.

2006). Regarding the connection between gender and computer games previous studies

showed that games are more effective with boys than girls (De Jean et al. 1999; Admiraal

et al. 2014), which possibly derives from the fact that boys hold significantly better attitude

towards the use of video games than the girls (Bonanno and Kommers 2008).

Therefore, the purpose of the game that was constructed would be to help students

practise and develop their math skills in a more interesting and engaging way that could

eventually have a positive effect on their attitude towards the particular subject. In order to

investigate the change in the attitude of students towards a course, it is necessary to use a

systematic research method and not carry out a single activity (Townsend and Wilton

2003; Zakaria et al. 2010). For this reason, it was decided to use a flexible game, as it

enables teachers to integrate Game-Based Learning across the curriculum and not confine

themselves to a single activity. Currently, the majority of the studies regarding the use of

games in mathematics are primarily focused on evaluating the improvement of students’

motivation and achievement (Kebritchi et al. 2010). In contrast, this study aimed at

evaluating the impact of using a flexible educational game on students’ attitude towards

mathematics, assuming that attitude involves relatively fixed affective reactions, as pro-

posed by McLeod (1992). Moreover, the present study investigated the role of gender

regarding the impact of the game. Although the study focused on students’ attitude towards

mathematics, a measure of achievement in mathematics had also been included, to check

whether the game led to at least the same learning outcomes as the control group.

Thus, in accordance with the aforementioned assumptions, the research questions of this

study are the following:

• What impact does the use of an educational game for mathematics education have on

students’ attitude towards mathematics?

• Is gender related to an educational game’s effectiveness on changing students’ attitude

towards mathematics?

• Does the use of an educational game as a tool for practising math skills lead to the same

or better learning outcomes as the traditional method of practising?

In what follows, Digital Game-Based Learning (DGBL), as well as specific studies

about the use of computer games in mathematics, are being described in brief. Afterwards,

there is a presentation of the methodology that was followed for investigating the research

questions set by this study. Finally, the results emerging from the data analysis are being

thoroughly analyzed, and some conclusions are being discussed on the basis of the

findings.

Related work

Before we could proceed with the design and development of the aforementioned edu-

cational game, a thorough review of studies regarding DGBL and its use for mathematics

education was conducted. As it has already been mentioned, many students face math-
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learning difficulties that may have negative consequences on their performance, as well as

their attitude towards the particular subject. The conclusions of this review indicate that

DGBL could offer significant advantages in terms of motivational appeal, making math-

ematics—a rather complicated subject—more interesting and approachable, and also help

students improve their mathematics understanding and achievement. In addition, a number

of studies suggest that DGBL has the potential to diminish math anxiety, as well as

negative perceptions of the particular subject. The games that were used in these studies

range from simple drill-and-practice games to more complex three-dimensional (3D) ones,

and they are either commercial or specially designed educational games.

Regarding any pertinent research focused on the impact of computer games on students’

math achievement, a notable example would be the work of Kebritchi et al. (2010). In this

study, 193 students in Grades 9 and 10, as well as 10 high school teachers participated.

Teachers were assigned to a control or treatment group and, accordingly, half of the

students were assigned to play an educational game. The results showed that the mathe-

matics performance of the students who participated in the DGBL activity was improved,

as compared to the performance of the students that did not take part. However, it should

be noted that no significant improvement regarding the motivation of the students was

found. Shin et al. (2006), investigated the effects of handheld games on students’ math

learning, using an educational game in which students solve math problems in order to

learn basic arithmetic skills. They concluded that the game-playing activity had been

beneficial for the students, as those students who used the game outperformed those who

did not use it, on subsequent math tests. Another key finding from their study is that the

gaming activity had a very positive impact on low-level students, regardless of gender and

ethnic background. Several other studies indicate that the use of computer games can

facilitate the understanding and the learning of arithmetic and algebraic concepts, as well

as help students improve their performance (Shin et al. 2012; Zavaleta et al. 2005).

Kebritchi et al. (2008), for instance, used a set of commercial educational games at high

school level, which had a positive effect on the students’ achievement in mathematics.

However, the results regarding their motivation were mixed. More specifically, the stu-

dents who played the games performed better on their exams than the students who did not

play the games, but there was no change in their attitude towards mathematics. Ke and

Grabowski (2007) investigated the use of an educational game on mathematics with a

sample of 125 students in Grade 5. The students were divided into the following three

groups: cooperative game-playing, competitive game-playing, and no game-playing. They

found that both game-playing conditions resulted in greater achievement gains, as com-

pared to the no game-playing condition, and that cooperative game-playing promoted

positive attitudes towards mathematics. There were no significant differences between girls

and boys regarding their attitude towards mathematics.

Other studies that examined student attitude towards mathematics include those of

Van Eck (2006), Lopez-Morteo and López (2007), and Pareto et al. (2011). Van Eck

(2006) examined the effects of a simulation game with pedagogical agents on 123 seventh

and eighth graders’ attitude towards mathematics, and reported that their attitude towards

the particular subject was improved. Moreover, their math anxiety decreased. Lopez-

Morteo and López (2007) used in their study a multimedia collaborative learning envi-

ronment and found that it affected student attitude towards mathematics positively. Lastly,

Pareto et al. (2011) created and evaluated a teachable-agent arithmetic game for primary

school students, reporting that the game contributed to the improvement of the students’

self-efficacy beliefs, alongside with their mathematics understanding and performance.
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However, there were no significant differences between the students who played the game

and those who did not, as regards their attitude towards mathematics.

Method

This study was focused on using an online flexible educational game, constructed by the

researchers, in order to investigate the game’s impact on students’ attitude towards

mathematics, identify possible interactions between attitude and gender, and record the

potential change in students’ achievement. The hypotheses of this study are the following:

H1 The incorporation of an educational game into the instruction of mathematics

improves the attitude of the students towards mathematics.

H2 An educational game’s effectiveness on changing students’ attitude towards mathe-

matics is not related to gender.

H3 The learning outcomes of the students who used the educational game are the same or

better than those of the students who followed the traditional method.

The research methodology used by this study was based on the ‘‘Pretest–Posttest

Control Group design’’, including one control and one treatment group of randomly

assigned subjects. The pretests were administered to all subjects in both groups and then

only the experimental group experienced the treatment. After the end of the treatment

period, the members of each group completed the posttests.

Instruments

Data related to attitude were collected with the use of two paper-based questionnaires: (a) a

pretest questionnaire regarding students’ attitude towards mathematics, and (b) a posttest

questionnaire identical with the pretest. The knowledge of the students on the experimental

material was evaluated prior and after the treatment period, using two equivalent paper-

based tests. Both knowledge tests had a maximum total score of 20. Apart from the

quantitative data collection method, a series of semi-constructed interviews were con-

ducted for the purposes of validating the results from the questionnaires using qualitative

data.

The Attitudes Toward Mathematics Inventory (ATMI) questionnaire, introduced by

Tapia and Marsh (2004), was used for gathering data regarding the students’ attitude

towards mathematics. According to Chamberlin’s (2010) review regarding instruments that

assess attitude towards mathematics, the ATMI is an innovative tool that allows

researchers to investigate multiple facets of attitude simultaneously. ATMI consists of 40

questions grouped in four dimensions: (a) value, that was designed to measure students’

beliefs on the usefulness, relevance and worth of mathematics in their life now and in the

future, (b) enjoyment, that was designed to measure the degree to which students enjoy

working mathematics and mathematics classes, (c) self-confidence, that was designed to

measure students’ confidence and self-concept of their performance in mathematics, and

(d) motivation, that was designed to measure interest in mathematics and desire to pursue

studies in mathematics. The questions’ type is a 5-point Likert rating scale with the

following anchors: 1 strongly disagree, 2 disagree, 3 neutral, 4 agree, and 5 strongly agree.
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Sample items, as well as the reliability coefficient alpha for each dimension of the

ATMI, are presented in Table 1. As can be seen, there are some negatively keyed items

(e.g. second item in the enjoyment dimension). The values of these particular items were

recoded before the analysis of the data, ensuring that all of the items were consistent with

each other.

The reliability coefficient alpha was calculated for each dimension of the questionnaire

using the participants of this study as the sample (N = 79). The calculation of the relia-

bility was conducted for the pretest, as well as the posttest. Each dimension has a reliability

value that meets the requirement of higher than the .70 cut-off point suggested by Nunnaly

(1978).

As already mentioned, the students’ achievement was measured utilizing two equivalent

tests, one before and one after the intervention. Both tests included questions measuring the

same mathematical concepts. The four teachers that participated in the intervention pre-

pared the tests. Each test included 20 mathematics problems and questions based on the

instructions of the ministry of education regarding the assessment of knowledge on

arithmetic, algebra, and geometry. Sample items, as well as the reliability coefficient alpha

for each dimension of the achievement tests, are presented in Table 2. The analysis showed

that the tests had a satisfactory reliability (Cronbach’s alpha[.70) for all of the dimen-

sions. The teachers, being experts on the domain of mathematics, confirmed the construct

validity of the achievement tests.

The interviews were conducted in two different sessions that were run in parallel, one

session for the teachers and one for the students. They were based on open-ended ques-

tions. In particular, the interview guide for the teachers included questions regarding the

execution of the study, as well as the usability and ease of use of the administration

environment of the game. The corresponding guide for the students included questions

regarding the students’ stance towards the proposed game and the game’s effects on them.

Sample items for both interview guides are presented in Table 3.

Participants

The study was conducted in a public secondary school located in Thessaloniki, the second

largest city in Greece. The attendance of students at the school was compulsory. The

Table 1 Sample items and reliability values for each dimension of the ATMI

Cronbach’s
alpha

Dimension Sample item Pretest Posttest

Value Mathematics is important in everyday life .76 .72

Mathematics is one of the most important subjects for people to study

Enjoyment I have usually enjoyed studying mathematics in school .78 .82

Mathematics is dull and boring

Self-
confidence

Studying mathematics makes me feel nervous .89 .90

I am always under a terrible strain in a math class

Motivation I would like to avoid using mathematics in college .71 .78

I am willing to take more than the required amount of mathematics
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participants of the research were 79 students consisting of 46 boys and 33 girls, aged

12–14 years old, as well as four teachers. As already mentioned, students were randomly

divided into groups; with the only difference being that two students did not have a

personal computer and/or an Internet connection at their disposal and for this reason they

became members of the control group from the beginning. The members of the control and

treatment group were 41 (22 boys, 19 girls) and 38 (24 boys, 14 girls), respectively. The

groups were set up before the assignment of students to three almost equally numbered

classes (two classes with 26 students and one class with 27 students). Half of the students

of each class were randomly selected from the treatment group whereas the others were

randomly selected from the control group. Apart from the one teacher that undertook the

teaching of the classes, three more participated to facilitate the implementation of the

experiment.

As presented in the preceding subsection, a pretest was used to record the attitude of

students towards mathematics before treatment. In order to verify that there was balance

between the two groups, an independent samples t test analysis was carried out having as

dependent variables the four dimensions of the ATMI. Before conducting the parametric

test, preliminary checks were performed to confirm that no criteria were violated. The

results of the analysis showed that there was balance between the two groups. Table 4

shows the corresponding results. The p value for each dimension is over .05, indicating that

Table 2 Sample items and reliability values for each dimension of the achievement test

Cronbach’s
alpha

Dimension Sample item Pretest Posttest

Arithmetic Calculate a – b - c and a - (b - c) if a = 2, b = - 11 and c = 10 .83 .91

If the original price of an item costing 7.20€ is reduced by 40%, what is the
sale price?

Algebra After a meeting, the ten members of the board of a company exchange
handshakes. How many handshakes are made totally?

.79 .82

Solve the equation: 3/5 ? (x - 2)/10 = 1

Geometry Find the circumference of a circular disk whose area is 40 pi square
centimeters

.92 .87

In an isosceles triangle, the angle that is opposite the base is 74�. Calculate
the remaining angles

Table 3 Sample items from the interview questions

Interview Sample item

Teachers Did you find it difficult to use the administration environment of the game?

Would you choose to incorporate this game into the educational procedure in future cases?

Students What is your overall impression regarding the use of the game?

What is the impact of the game on your attitude towards mathematics?
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there was no statistically significant difference between the two groups. Likewise, as

indicated by the mean scores, both groups had a moderate attitude for each factor of the

ATMI.

In order to investigate potential differences regarding the students’ gender between the

control and treatment group, a Chi square test for independence was performed. The results

x2(1) = .732, p = .392; showed that there was no statistically significant association

between gender and group of participation. That is, both boys and girls were equally

distributed to the two groups.

Finally, an independent samples t-test analysis was also conducted in order to identify

potential differences on the prior knowledge of the students of the two groups. The data of

the analysis were the scores of the students on the corresponding test. The analysis met the

preliminary checks and the results t(77) = 1.30, p = .20; revealed that there were no

differences between the control (M = 12.59, SD = 3.57) and the treatment group

(M = 13.66, SD = 3.74) as far as the prior knowledge is concerned.

Material

The research treatment included usage of an educational game, which aimed at assisting

the educator in the teaching of secondary school mathematics. The particular game con-

sisted of nine different challenges, with various questions on arithmetic, algebraic and

geometrical concepts. Apart from the game, an administration panel was also constructed,

so that the educator could easily change the game’s content and ensure that it aligns with

the learning objectives of the classroom. More specifically, the educator would choose

which of the game’s challenges he/she wants to adapt and then change the existing

questions and images, delete them, or add new ones. Additionally, the educator was able to

change the content of the help and instructional messages, as well as the help images of

every challenge. Therefore, the educator did not need to have any specific programming

skills, in order to alter the content of the game.

Regarding the development methodology, it consisted of the following working phases,

according to the ADDIE model for Instructional Systems Design (ISD): analysis, design,

development, implementation, and evaluation. Therefore, before the design and develop-

ment of the game could begin, a detailed requirements analysis was necessary in order to

specify the learning needs that this software was going to cover. For this reason, a semi-

structured interview with educators was conducted, in which they described their teaching

methods, as well as the difficulties students face in mathematics. Moreover, some

impediments that could deter them from using computer games for educational purposes

were discussed. Afterwards, the researchers proceeded with the game design and devel-

opment, designing the user interface and creating a prototype of the game. Since the

game’s target group consisted of secondary school students, special attention was paid so

Table 4 Independent samples
t-test for Pretest results

Category Control Treatment

M SD M SD p

Value 3.89 .64 3.90 .65 .94

Enjoyment 3.10 .71 3.25 .76 .36

Self-confidence 3.09 .85 3.40 .80 .10

Motivation 2.91 .82 2.96 .88 .81
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that the graphics are friendly and age-appropriate. Finally, the prototype was evaluated in

order to find and correct any technical faults.

Both the administration panel and the game were developed based on a three-layer

architecture consisting of a presentation layer, a service layer, and a data layer. The pre-

sentation layer of the administration panel includes all user interface (UI) components such

as forms, filtering and searchmodules, etc. The same layer of the game includes the graphical

interface and the user experience (UX) components. The service layer of the administration

panel consists of components responsible for authentication and authorization, file system

management, data translation, data visualization, and logging. The service layer of the game

implements all the functionality of the game including components for the game logic, the

game mechanics, and the scoring and feedback mechanism. The data layer consists of a data

mediator component that is responsible for processing data and storing or retrieving them

from the appropriate data structure. The available data structures are a database, xml files,

and single image files. Both the administration panel and the game use the data mediator in

order to save or retrieve data from all of the data structures. The architecture of the game and

the administration panel are presented in Fig. 1.

As the educators pointed out in the interview, there were several obstacles in integrating

and using computer games in a formal school setting. For instance, a frequent impediment

is the restrictive duration of individual classes, which prevents the use of more complex

computer games. Moreover, modern computer games require new and possibly costly

computer hardware, while school IT licensing agreements can complicate the acquisition

and use of computer games in school labs (Kirriemuir and McFarlane 2003). Nevertheless,

the greatest obstacle is the disagreement between game content and concrete curriculum

requirements; this problem is more apparent in secondary education (McFarlane et al.

2002). These issues have been addressed in the design of the current game in the following

manner:

Fig. 1 The architecture of the system developed
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(a) It was decided that the game should be played online, so that it would not demand

any software installation, and the students would be able to practice at home.

(b) The game does not contain any additional and possibly distracting material such as

introductory videos, animations, and hyperlinks to external sources.

(c) The game is configurable in order to support different thematic units of the

particular subject and, thus, to align with the curricular objectives of the classroom.

(d) Support material that contains video tutorials and detailed presentations of the

game’s functions and its configuration was created, in order to help the educators.

Concerning the game’s features, taking into account the aforementioned basic charac-

teristics of educational games (Fisch 2005; Prensky 2001), several of them were incor-

porated into the particular game, in order to enhance its educational value. In particular, a

story was added to the game, in which three friends try to escape from the island they

reside on, before the island’s volcano erupts. These three fictional characters (a boy, a girl,

and a robot) were added in order to make the game friendlier and more personally relevant

to the students. Moreover, the inclusion of a story has proven to be important, as it

stimulates the players’ emotions, and, thus, makes game playing more engaging (Prensky

2001). Additionally, a set of specific goals and rules were added to the game, since goals

are motivating, and rules make playing both exciting and fair (Prensky 2001). For instance,

in order to win, the players have to complete successfully the nine challenges of the game.

The players have at their disposal five lives for each challenge, and 100 s for each question.

Each time they make a mistake they lose a life; the game ends when they lose all of their

lives or run out of time. Furthermore, elements of challenge and opposition were incor-

porated in the game. In order to create levels of variable difficulty, the questions are

becoming harder as the game progresses, except for the fourth challenge, where the dif-

ficulty is increasing when the player’s answer is correct, and is decreasing when the answer

is wrong. A score keeping mechanism was also included in the particular game; this

feature, in conjunction with the speeded responses that were mentioned earlier, creates

multiple level goals, which add to the game’s challenge (Malone and Lepper 1987). More

specifically, correct answers are rewarded with points, while each false answer subtracts

points from the player’s current score. Similarly, correct answers to more difficult ques-

tions are rewarded with more points. Finally, appropriate instructions and help messages

were incorporated, and immediate feedback is provided upon the player’s actions. The

interface of the game and the administration panel are shown in Fig. 2.

Procedure

As already mentioned, four teachers of mathematics assisted in the implementation of the

experiment. The cooperating teachers undertook to provide information to the parents of

the students for this study and requested they sign the provided parent consent forms. The

parents were advised to monitor the students at home and report to the teachers any

problem they encounter. The duration of the intervention was 14 weeks. Before the

beginning of the research, the teachers, along with the researchers, presented the game to

the students in an introductory session. Moreover, the procedure to be followed was

presented to the control and treatment group separately, and both groups completed the

attitude and the achievement pretest.

The intervention had a supplementary nature concerning the teaching of mathematics.

The treatment group used the game in order to practise in solving mathematical problems,

whereas the control group followed the traditional way of solving problems on paper. Both
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conditions were applied in addition to routine classroom instructional time. Every week, all

of the teachers together created mathematical exercises according to what was taught

during the lessons. One of the teachers was responsible for updating the content of the

game, and respectively distributing the new exercises on paper to the students of the

control group. The control and treatment group had to solve the exact same exercises.

The members of the treatment group played the game from home using their personal

computer and an Internet connection. Each student had a personal account on the game that

was used to record his/her performance during the game. Thereby, the teachers were able

to check the involvement and performance of each student individually. Every 2 weeks a

debriefing session was conducted on a different day for each group. At that session, the

students of the treatment group were playing the game in the computer lab of the school

and, thus, they had the chance to express their queries regarding the game or the content of

the exercises to their teachers. A similar procedure was followed from the students of the

control group, with the exception that in their case the debriefing session was conducted in

the classroom and not in the computer lab of the school. The sessions that took place in the

school facilitated teachers to compare students’ performance between in-school and in-

home sessions and identify any significant difference. Nevertheless, there was not any case

with significant deviation in performance.

After the completion of the intervention, the students completed the achievement

posttest and, in a subsequent day, the attitude posttest questionnaire. The attitude ques-

tionnaires were answered anonymously. The matching between the pretest and posttest was

done using pseudonyms that the teachers had given to each student. The attitude posttest

was followed by an interview with the teachers and the students of the treatment group.

Figure 3 depicts the aforementioned procedure.

Data analysis

There is a controversy in the research community concerning the proper way of statistical

analysis in ‘‘Pretest–Posttest Control Group’’ experimental designs (Hand and Taylor

1987; Senn 1998). This controversy stems from Lord’s Paradox (Lord 1967). According to

Lord’s findings, the results of a statistical analysis may differ depending on the specific

Fig. 2 The interface of the game (a) and the administration panel (b)
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method that is used. Particularly, an analysis of different scores can provide different

results from an analysis of covariance. The answer provided by Hand and Taylor (1987)

regarding this controversy is that the appropriate statistical analysis method depends on the

research questions. They also state that the difference between the two methods is that:

‘…the difference-score approach enquires whether there is a difference in average

change of the two populations. The covariance approach asks whether a member of

group 1 is expected to change more than a member of group 2, given that they have

the same initial value.’ [p. 166].

Considering the aforementioned situation, the statistical analyses chosen from this study

for investigating potential differences between the control and treatment group are the

analysis of covariance (ANCOVA) and the multivariate analysis of covariance

(MANCOVA).

The results from the posttest related to the students’ attitude towards mathematics were

used as dependent variable, while the use (or not) of the game was considered independent

variable. The results of the attitude pretest conducted at the beginning of the activity were

considered as covariate to control the effect of participants’ prior attitude. The analysis

regarding the students’ learning outcomes had a similar setup with the only difference

being that the results of the achievement posttest and pretest were used as the dependent

variable and the covariate respectively. The statistical analyses were performed using the

SPSS 22 statistical package and the level of significance was set to .05.

The data that were collected from the interview with the students were analyzed fol-

lowing the open-coding process of the constant comparative method (Corbin and Strauss

1990), in search of common themes. The analysis was conducted separately by three

Fig. 3 Experiment procedure
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researchers, following the model proposed by Olson et al. (2016). The particular model

provides guidance for implementing constant comparative method utilizing multiple

researchers as well as applying the method to previously collected data without having the

opportunity to refine interview questions as the data are collected. The data derived from

the interview with the teachers were not analyzed, as the sample size was quite small.

However, direct quotes are provided in the next section.

Results

The results are presented in two subsections; the first subsection is related to the quanti-

tative results that derived from the statistical analyses, while the second one is focused on

the qualitative results that stem from the interviews.

Quantitative results

The attitude questionnaire consisted of dimensions and therefore the performance of stu-

dents in each dimension was calculated using the mean score of their responses in the

included questions (Boone and Boone 2012). For the ANCOVA and MANCOVA tests,

preliminary checks were conducted to ensure that there was no violation of the assump-

tions of normality, linearity, homogeneity of variances, homogeneity of regression slopes,

and reliable measurement of the covariate.

The first analysis performed used the MANCOVA test in order to draw conclusions

about the attitude of students, having each dimension as dependent variable. The results

revealed that there is a significant difference in the scores for the control and treatment

group; F(1,76) = 5.21, p\ .001; Wilk’s K = .734, g2p = .27, with the treatment group

showing higher scores compared to the control group. Therefore, based on the analysis of

the results the hypothesis H1 is accepted. A post hoc ANCOVA analysis was performed for

the dimensions of the questionnaire in order to identify the contribution of each dimension

to the overall result.

The first dimension of the attitude questionnaire concerned the value of mathematics.

The ANCOVA results for this dimension showed a significant difference between the

control and treatment group, F(1,76) = 16.73, p\ .001, g2p = .18. Moreover, there was a

strong relationship between the pre-intervention and post-intervention scores on the value

of mathematics dimension, as indicated by the result F(1,76) = 14.20, p\ .001, g2p = .16.

The students of the treatment group had a significant difference in enjoyment of

mathematics from those of the control group, F(1,76) = 15.70, p\ .001, g2p = .17. Fur-

thermore, the covariate, students’ pre-intervention score on the enjoyment of mathematics,

was significantly related to the post-intervention scores, F(1,76) = 22.22, p\ .001,

g2p = .23.

The ANCOVA results for the self-confidence of students regarding mathematics

showed that there was no significant difference in the scores for the control (M = 3.07,

SD = .80) and treatment (M = 3.50, SD = .81) group; F(1,76) = 3.18, p = .078. Nev-

ertheless, the treatment group reported greater gain from pretest to posttest

(M pretest = 3.40, M posttest = 3.50) than the control group, which showed a slight

decrease (M pretest = 3.09, M posttest = 3.07).

Impact of online flexible games on students’ attitude… 1463

123



The students that had used the game reported a significantly higher score for the

motivation in mathematics than those that were members of the control group,

F(1,76) = 19.31, p\ .001, g2p = .20. The covariate showed a strong relationship with the

post-intervention scores, F(1,76) = 8.03, p = .006, g2p = .096. The results of the

ANCOVA analysis, for each dimension of the questionnaire are summarized in Table 5.

In order to examine whether gender influences the game’s effectiveness on changing

students’ attitude a two way factorial MANCOVA test was conducted considering as

independent variables the gender and group of the students. According to the results, there

was no significant two way interaction effect between group and gender; F(5,70) = .38,

p = .86, which suggests that both within control group and within treatment group, boys’

and girls’ attitude did not differ significantly. Hence, the hypothesis H2 is accepted.

Finally, an ANCOVA analysis was performed in order to examine whether the par-

ticipants of the treatment group achieved at least the same learning outcomes as the control

group. After adjusting for pre-intervention learning achievement, there was a statistically

significant difference in post-intervention learning achievement between the control

(M = 12.98, SD = 3.15) and the treatment group (M = 15.47, SD = 3.16),

F(1,76) = 11.56, p = .001, g2p = .132. According to this result the hypothesis H3 is

accepted.

Qualitative results

During the analysis of the interview with the students, the three raters consensually

identified four main themes. Each rater created a list showing whether a student is con-

nected to a theme or not. This list was used to calculate percent agreement as inter rater

reliability (IRR) measure. The themes alongside with the corresponding frequency and IRR

value are presented in Table 6. The frequency represents the mean score of the values

provided by the raters regarding the number of students that are connected to a theme.

Table 5 ANCOVA results for all of the dimensions of the attitude questionnaire

Pretest Posttest

Control Treatment Control Treatment

Dimension M SD M SD M SD M SD F(1,76) p

Value 3.89 .64 3.90 .65 3.77 .61 4.24 .47 16.73 \.001

Enjoyment 3.10 .71 3.25 .76 2.99 .84 3.65 .61 15.70 \.001

Self-confidence 3.09 .85 3.40 .80 3.07 .80 3.50 .81 3.18 .078

Motivation 2.91 .82 2.96 .88 2.60 .84 3.39 .79 19.31 \.001

Table 6 The themes derived from the qualitative analysis

Theme Frequency (N = 38) IRR

The game facilitated the improvement of attitude towards mathematics 34.67 .93

The students felt motivated by the factor of competition of the game 32.33 .84

The game was fun and well designed 36 .95

The game should include more features for competition 29.67 .88
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The first thing mentioned by the students during the interview was that they were

excited with the activity and they suggested to establish the game’s use in the education

process. The students had a consensus about the game and they stated that: ‘‘The game had

nice graphics and music and it was very good that you could see the score from your

peers’’. Most of them reported that the motivation to play was: ‘‘The fact that the game was

competitive made us want to play continuously. We wanted to come first and solve all the

exercises correctly’’. The students commented on whether the game helped them develop a

positive attitude towards mathematics: ‘‘We solved the exercises of the game because we

wanted to be on the top of the leaderboard but this also helped us perform better during the

lesson, something that makes you stop feeling bored or afraid of a course’’. They also

suggested some improvements to the game: ‘‘We would like to have a one versus one mode

where two students can compete on solving exercises. Moreover, it would be nice if we

could share the results on social media’’.

The interview with the teachers focused on the execution of the study, and the

administration environment of the game. The teachers had a common view and they stated

that: ‘‘At the beginning of the experiment we were afraid that the study would include very

time-consuming tasks. However, we found it very easy to use the administration envi-

ronment. We used to create exercises for students using the pc and then print them. For the

game, instead of printing the exercises, we copy-paste them in the administration panel and

that’s it, everything is in place’’. They also admitted that they had to devote time to carry

out the activity, but on the other hand they wanted to integrate games in the educational

process. One of the teachers stated: ‘‘We tried to use games before but it was hard to find

those that are related to what we teach. With this flexible game we stopped trying to adapt

the curriculum to the games that we had available and instead we started to adapt the

game based on the curriculum’’. In summary, the teachers showed great interest in using

the proposed game in the classroom.

Discussion and conclusion

This study examined the effects of the use of an online flexible educational game on

students’ attitude towards mathematics. The hypotheses of the study were the following:

(a) H1: The incorporation of an educational game into the instruction of mathematics

improves the attitude of the students towards mathematics, (b) H2: An educational game’s

effectiveness on changing students’ attitude towards mathematics is not related to gender,

and (c) H3: The learning outcomes of the students who used the educational game are the

same or better than those of the students who followed the traditional method. The par-

ticipants of this study were 79 students of a public secondary school consisting of 46 boys

and 33 girls, aged 12–14 years old, as well as four teachers. The statistical analysis of the

data was conducted using ANCOVA and MANCOVA tests.

The study demonstrated that the game had a significantly positive effect on students’

attitude. The post hoc ANCOVA analysis revealed that students who played the game had

significant higher scores on the value, enjoyment and motivation dimensions of the attitude

questionnaire. The results support the findings of three prior studies, including: (a) Ke and

Grabowski (2007), who investigated the effects of game-playing on fifth-graders’ mathe-

matics performance and attitudes in a four week duration study, (b) Lopez-Morteo and

López (2007), who investigated the influence of a learning environment in the attitude of

the students towards mathematics, conducting a 4 h session for each group of participants,
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and (c) Van Eck (2006), who studied the influence of a simulation game with pedagogical

agents on the attitude of the students towards the particular subject conducting three

50-minute sessions. However, the findings of the present study contribute further insights

on the existing literature as it differs from the previous studies given that this study

involved a long-term intervention, lasting 14 weeks, which is necessary for the investi-

gation of changes in student’s attitude (Townsend and Wilton 2003; Zakaria et al. 2010).

Moreover, a short-term intervention is usually subject to the halo effect of uncontrolled

novelty (Draper 2013), where subjects perform differently at the beginning of an inter-

vention because of the novelty of the treatment. Furthermore, an additional differentiation

of this study from the others is that the participants were secondary school students and

children become more pessimistic and negative about math as they grow older (Kaczala

1980). Another advancement of the present study is the utilization of a flexible game. The

teachers were able to change the content of the game with ease via an administration panel.

Thus, the game was constantly in line with the classroom curriculum. Moreover, the game

had a logging mechanism that enabled teachers to check the involvement and performance

of each student individually. This way, teachers had at their disposal the whole course of

students’ progression instead of just the end result. Hence, the teachers were enabled to

observe and understand the progress of each student and their respective learning curve.

The results of the present study differ from those reported by Pareto et al. (2011). In

particular, their intervention of using an arithmetic game for 9 weeks did not result to an

attitude gain. They believe that one reason for this result is the fact that students did not

associate game playing with mathematics. Additionally, those 9 weeks of game playing

were not considered enough in order to change students’ attitude. The study of Kebritchi

et al. (2008), also led to different results from the present study. Specifically, they reported

that there was no significant difference in the attitude of students who played the games as

compared to that of the students that did not play the games. Similarly to Pareto et al.

(2011), they attributed these findings to the fact that students may have disassociated game

play from their math class.

Regarding gender issues, the results revealed that the attitude gains that boys and girls

achieved, through the use of the game, did not differ significantly. These findings support

the statement of Ke and Grabowski (2007) that the effects of games on students’ attitude

towards mathematics are not mediated by gender. As far as the learning achievement is

concerned, the students of the treatment group performed significantly better than those of

the control group. This result meets the outcomes of several previous studies (Ke and

Grabowski 2007; Kebritchi et al. 2008; Kebritchi et al. 2010; Shin et al. 2006), which

indicate that the use of educational games can improve students’ math performance.

The improvement of students’ attitude presented in this study can be attributed to

several factors. According to Hannula (2002), when a student is engaged in a mathematical

activity and performs well then positive emotions are created, potentially resulting to an

attitude change. The interview with the students, as well as the log data of the game,

showed that students wanted to engage with the game’s exercises all over again. The

amount of time that the students were expected to take to complete the paper-based or the

game-based exercises was about 1 h. Nevertheless, the average time that the students

played the game was almost 6 h per week as they kept logging in and re-solving exercises

even after the completion of the game in the expected time. The repeated solving of

exercises on behalf of the students, could have led to an increase of correct answers. This

improvement could have possible made them feel that they performed well, accompanied

by the relevant emotions. In the same way, the change of the students’ attitude regarding

the value of mathematics is possibly resulting from the fact that the gameplay incorporated
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everyday life situations where mathematics can be used. This could possibly make students

recognize the importance of acquiring math skills and lose their anxiety towards mathe-

matics. Furthermore, when a student plays a game he/she feels positive emotions and

experiences a state of flow that may promote the change of attitudes (Kiili 2005). This state

of flow may have impacted the attitude change. Nevertheless, it is probably more con-

nected to the fact that the students had a willingness to solve exercises again and again.

Regarding the improvement of the students’ achievement, this can possibly be related to

the fact that the game facilitated the repeating solving of exercises; as research indicates

repetitive activities influence achievement favorably (Garris et al. 2002). Attitude towards

mathematics and achievement are related in a complicated, often causal way (Ma and

Kishor 1997; McLeod 1992). The results of the present study showed that both attitude and

achievement of the students who played the game were increased. However, the compli-

cated interconnection between these two factors does not facilitate the identification of

what changes first and then affects the other. As far as the self-confidence dimension of the

attitude questionnaire is concerned, the analysis revealed a close to significant result (.078)

but no statistical significant. According to Piper (2008), students’ self-confidence regarding

mathematics is really difficult to change, even in studies lasting for at least 3 years.

However, the intervention described in this study revealed promising findings. Further

investigation could result in significant positive changes to self-confidence, as well, and

help identify factors that may facilitate that change.

As already mentioned, empirical results concerning the use of computer games as

educational tools are conflicting. In regard to this matter, the present study provides evi-

dence that favors the utilization of games in educational settings. In particular, the

implication of this study is that, regardless of gender, the incorporation of DGBL in

traditional teaching of mathematics can potentially bring beneficial effects on students’

attitude towards mathematics. This implication is only valid in the context defined by this

study referring to secondary education. Flexible games can catalyze this incorporation as

teachers are able to adapt the games as needed overcoming the disagreement between game

content and curriculum requirements. Indeed, this study revealed that the utilization of the

particular type of games can promote the adoption of DGBL in situations where games

would not be used in the first place. Moreover, when the game is online it enables the

conduct of activities from home, as no software installation is required. This facilitates

both students and teachers, given the fact that otherwise such an activity could only be

conducted in the school computer lab.

This study suffers from certain limitations. Even though the use of the game resulted in

a positive change of students’ attitude towards mathematics, the individual aspects of the

game that caused this were no further investigated. In particular, there is no evidence

regarding factors such as game scenario and game aesthetics that could have contributed to

this change. Therefore, future research should focus on utilizing a questionnaire that will

be dedicated to measuring students’ perception regarding specific aspects of the game that

could have facilitated the change of their attitude. Moreover, the existing logging system of

the game which is limited to only tracking frequency of use and students’ performance

should be upgraded to a game analytics mechanism that will gather and evaluate every

aspect of the behavior of the users. The combined analysis of the data deriving from the

questionnaire and the game analytics mechanism could contribute to a better understanding

of the students’ attitude change. As a result of the limited school time and infrastructure,

the intervention required students to practice their math skills at home. The teachers were

able to compare students’ performance between in-school and in-home sessions and the

parents were advised to monitor the students at home. However, there was still the
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limitation that the whole intervention was not conducted in school where the students

would constantly be under the supervision of the teacher.
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