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past; however, the effect of these factors on learners’ performance is yet to be explored. In this study,
factors of Enjoyment, Happiness, and Intention to Use were chosen as important attitudes in learning
educational games and increasing learning performance. A two-step between group experiment was
conducted: the first study compared game-based learning and traditional instruction in order to verify
Media in education the value of the game. 41 Gymnasium (middle school) students were involved, and the control and
Secondary education experimental groups were formed based on a pretest method. The second study, involving 46 Gymna-
Learning communities sium students, empirically evaluates whether and how certain attitudinal factors affect learners’ per-
Evaluation of CAL systems formance. The results of the two-part experiment showed that a) the game demonstrated good
performance (as compared to traditional instruction) concerning the gain of knowledge, b) learners’
enjoyment of the game has a significant relation with their performance, and c) learners’ intention to use
and happiness with the game do not have any relation with their performance. Our results suggest that
there are attitudinal factors affecting knowledge acquisition gained by a game.

© 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

The growth of educational games in the last years has largely impacted learning procedures (Shin, Sutherland, Norris, & Soloway, 2012;
Virvou, Katsionis, & Manos, 2005). Studies indicate that playing video games gives learners a “mental workout” and the structure of ac-
tivities embedded in computer games develops a number of cognitive skills. Players are faced with a stream of decisions, and must engage
with problem solving strategies, which involve the engagement with a series of complex tasks and nested sub-tasks (Johnson, 2005). The
four part cycle (Gee, 2003) defines certain periods where players engage/probe, hypothesize, re-probe, and rethink during the play time of a
video game. Similarly, Garris, Ahlers, and Driskell (2002) indicate that educational games engage students in repeated judgment-behavior-
feedback loops. In addition, McFarlane, Sparrowhawk, and Heald (2002) linked game-playing with the potential to develop skills in decision
making, design, strategy, cooperation, and problem solving. On top of that, certain practices of educational games (e.g., Narration, Reward,
Game Mechanics) have proved their value on the learning arena (Cohen Group Report, 2011).

The emergence of educational games has further facilitated the wide adoption of learner-centered education and other changes in
educational practices. Computer games have drawn significant attention from educational institutions and business organizations due to the
potential educational and cost benefits; however, the introduction of games in teaching is often complex, and learners do not always use them
as expected (Yi & Hwang, 2003), and/or learners do not have the expected performance when they are using them (Ketelhut & Schifter, 2011).

In previous studies, attitudes (e.g., perceptions, beliefs, intentions) that led students to use games for learning have been thoroughly
explored (Bourgonjon, Valcke, Soetaert, & Schellens, 2010; Papastergiou, 2009). Nevertheless, how learners’ attitudes (e.g., acceptance) for a
game are connected with learning performance (hereinafter performance) has not been well addressed yet. For instance, Yusoff, Crowder,
and Gilbert (2010) identified attitudes and combinations of attitudes that led the learner to accept and use the educational game. But the
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question of how these attitudes and learners acceptance is connected with the actual performance of the students. Based on these concerns,
this study aims to shed light in this uninvestigated area.

The purpose of the empirical experiment is twofold: (1) to verify the value of the game used in our experiment (at least as good as
traditional instruction) in order to be able (2) to empirically evaluate whether and how certain attitudes affect learners’ performance. For
that reason, we used an educational math game, called “Gem-Game” (Giannakos, Chorianopoulos, Jaccheri, & Chrisochoides, 2012), which
targets children that attend first and second class of Gymnasium (middle school). Afterward, we constructed a 2-study experimental
procedure, one for each purpose. The experimental procedure included surveys with constructs regarding students’ attitudes and perfor-
mance regarding the educational game. We had a baseline period with students in order to increase their familiarity with similar games in
the school. Then students played the game during the school period, after which they completed the respective survey and performance test.

Based on the aforementioned issues, the first step of this work is to prove that Gem-Game is at least as effective as traditional instruction
(concerning the acquisition of knowledge). Next, we focus on the main research question of this study:

RQ. Are there attitudes regarding the game which lead students to perform better?

The rest of paper is structured as follows: in the next section, the literature review and the research hypotheses of the research are
outlined; the third section presents the game we used for our experiment; the fourth section presents the methodology of both studies
employed in this article and the empirical results; and the fifth section discusses the results derived, while the last section suggests the
implications and limitations of the experiment and makes recommendations for future research.

2. Background work and research hypotheses
2.1. Educational games learning performance

The performance of game-based learning in the curricular education (and elsewhere) has already been studied in the past (Hwang & Wu,
2012; Papasteriou, 2009). According to the cognitive approach of learning (Ertmer & Newby, 1993), educational games could be beneficial for
students (Paraskeva, Mysirlaki, & Papagianni, 2010). First, knowledge or skills learned and practiced through gaming are more likely to
transfer than when practiced on a single kind of problem. Once mastered, the knowledge and skills are practiced further to provide
overlearning (Paraskeva, Mysirlaki, & Papagianni, 2010); this leads to the knowledge and skills becoming automatized and consolidated in
memory, so that the learner can begin to focus consciously on comprehending and applying new information (Gentile & Gentile, 2008).
Second, the individual’s construction of representations of the world, and therefore educational games, attempts to build intrinsic moti-
vation by integrating learning and game experience (Egenfeldt-Nielsen, 2006). Third, educational games seem to put the learner in the role
of decision-maker, pushing players through ever harder challenges, and they accomplish learning through trial and error procedures
(Mikalef, Giannakos, Chorianopoulos, & Jaccheri, 2012). Games also have a significant advantage in that pupils receive immediate feedback
on their actions and decisions, inviting exploration and experimentation (Kirriemuir, 2002).

The Cognitive Theory of Multimedia Learning (CTML) may provide an explanation for the efficacy of educational games as a means to
enhance student learning (Mayer, 2001). A key assumption in CTML is derived from Paivio’s (1971) Dual Coding Theory (DCT). Research in
DCT suggests that a learner’s cognitive system (memory) includes two separate channels for pictorial and verbal. Presenting information
that accommodates both of these channels allows a learner to construct better understanding of the material by integrating information
from both channels (Mayer, 2001). Consistent with the assumptions from the CTML (Mayer, 2001) and taking into account that multimedia
are facilitating meaningful contexts (Clegg, Gardner, & Kolodner, 2010), researchers advocate (Papastergiou, 2009) that games can enhance
student performance by presenting well-designed instructional messages that support cognitive development. Overall, educational games
have great potential for helping students to improve their learning performance (Huang, Huang, & Tschopp, 2010).

On the other hand, traditional instruction is an emotional, social, and cognitive experience in which teachers use their knowledge, voice,
and movement to address the learners with questions and stories; humor makes the students attentive and creates a comfortable learning
atmosphere (Nordkvelle, Fritze, & Haugsbakk, 2009).

When an educational game can help learners to acquire the knowledge they are gaining through traditional instruction learning at-
mosphere; or, in other words, when learning performance through a game is the same as that of traditional instruction; then we can
consider it a “successful” educational game. As such, in our case we hypothesize that:

H1. Students’ knowledge acquisition through Gem-Game learning has equal or higher performance when compared to knowledge
acquisition during traditional instruction.

2.2. Students attitudes toward educational games

The conceptual model of this study is depicted in Fig. 1. The model is composed of four main categories including: Entertainment,
Acceptance, Emotions and Performance. As mentioned earlier, this research aims to examine if students’ attitudes toward the game affect
their performance. To this end, we select to work with three attitudinal categories (Entertainment, Acceptance, Emotions), which have been
recognized in the literature as of high importance (Bourgonjon et al., 2010; Cowley, Charles, Black, & Hickey, 2008; Pekrun, Goetz, Titz, & Perry,
2002). However, these categories are represented by numerous and diverse variables. Given that this study is one of the few so far regarding
the exploration of students’ attitudes on their performance, we decide to select one of the most important and representative variable from
each category (Fig. 1). In the following sub-sections we analyze in depth the selection of each variable and we formulate the hypotheses.

2.2.1. Students’ enjoyment

Despite that serious gaming is one of the main categories of entertainment computing, limited research exists concerning the effect of
entertainment characteristics of educational games on performance. Our work is grounded in existing theoretical basis of entertainment
(Cowley et al., 2008) and information systems (Venkatesh, Speier, & Morris, 2002), which propose the factor of enjoyment (or named
instruct motivation) for understanding the entertainment nature of a system.
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Fig. 1. The conceptual model of the study.

Player enjoyment is the most important goal in gaming. Enjoyment is deemed as a most appropriate measure of motivation because
enjoyment measures how the game helps achieve the task-related objectives. Moreover, contributions to entertainment theory (Vorderer,
Klimmt, & Ritterfeld, 2004) suggest that media users actively ‘work’ on their enjoyment experience. As the learner’s evaluation establishes
the link between performance and enjoyment, it is possible that players use the inherent complexity of the game to preserve a maximum
enjoyment.

Enjoyment is defined as the degree to which the activity of using technology is perceived to be enjoyable in its own right apart from any
performance consequences that may be anticipated (Davis, Bagozzi, & Warshaw, 1992). Research has found that enjoyment plays an
important role in user technology acceptance and that the correlation between enjoyment and ease of use is supported by research findings
(Venkatesh et al.,, 2002; Yi & Hwang, 2003). Additionally, enjoyment was found to be significant in explaining intention to use applications
(e.g., Hsu & Lin, 2008).

Based on prior studies (e.g., Venkatesh & Speier, 2000), when comparing traditional instruction and game-based instruction, the latter
results in higher enjoyment on students. In addition, Venkatesh (2000) found that as people used the system more, the effect of
enjoyment on ease of use became stronger. These findings suggest that ease of use is influenced by the extent to which users perceive
that using the system is enjoyable. On top of that, Davis et al. (1992) indicated that usefulness and enjoyment are significant determinants
of behavioral intention and Venkatesh (2000) showed that enjoyment influenced usefulness via ease of use. Usefulness measures how
people believe their performance can be improved by using the specific system. Teo, Lim, and Lai (1999) found that enjoyment has a
significant effect on frequency and type of use. Thus, enjoyment may act to exert a significant influence on a students’ learning
performance.

When a player fails to pass one game task, his frustration increases as his self-esteem decreases and vice versa (Seery, Blascovich,
Weisbuch, & Vick, 2004). Therefore, successful task resolution is theorized to level out self-esteem, and the increase of self-esteem is a
highly enjoyable experience. Successful task resolution in an educational game means playing at a higher level of the game with more
difficult competencies, resulting in better performance for the learner. In addition, the sense of enjoyment while the students learn through
a game reduces anxiety and helps students feel confident about their success. We can then assume that higher levels of enjoyment facilitate
higher levels of success (better performance). Hence we hypothesize that:

H2. Students’ Enjoyment with the educational game has a positive relation with their Performance.

2.2.2. Students intention to use

In recent decades, research has defined factors that affect acceptance of learning systems (Bourgonjon et al., 2010). Most of the studies
have focused on which factors increased learners’ intention to use a learning system; however, the question of how the intention to use a
learning system is connected with the learners’ performance has received minimal research attention.

Technology Acceptance Model (TAM) has been a dominant tool for studying system’s acceptance (Davis, 1993). The main purpose of the
development of the TAM was to offer a foundation for examination of the effects of external variables on internal beliefs, attitudes, and
intentions. Even though TAM provides external variables that affect the use of a system, these variables may not be the best fit for every
system. Even in learning systems, the variables that might influence the technology acceptance vary according to learners’ and systems’
needs and capabilities.

TAM related theories have already been used in many studies to understand and predict game acceptance. Hsu and Lu (2004) were able
to explain about 80% of the variance with an extended TAM model and ease of use appeared to be the key determinant to predict online
game play instead of usefulness. In Ha, Yoon, and Choi (2007), it was found that enjoyment was a better predictor than usefulness in the case
of mobile video game acceptance. The research of Ha et al. 2007, studied the acceptance of games with a TAM-based model that was
enriched with variables as visibility, self-expression and innovativeness as determinants. All of these studies and most of the other TAM-
based studies introduce new variables to better predict the game acceptance.

In the current study, the focus is clearly different since game acceptance is examined as independent variable and not as dependent
(which is the case in most of the studies). To this end, we select intention to use as it is considered the most commonly used variable and has
also been the ultimate variable on most of the game acceptance studies (e.g., Ha et al., 2007; Hsu & Lu, 2004).

Watching the use of educational games through the lens of TAM related theories (Davis, 1993; Venkatesh & Bala, 2008); we can clearly
see that the practical use of a computer game system is determined by the users’ intentions to use the game (to play), which is determined
by the users’ attitude toward playing and their intention to play that system. However, the intention to use the game still notably determines
the performance.

As a result, the following hypothesis regarding learners’ intention to use and their performance in the context of educational games is
proposed:

H3. Students’ Intention to Use the educational game has a positive relation to their Performance.
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2.2.3. Students happiness

Learning is an emotional and cognitive experience (Frijda, 1986). The emotion of learners can greatly contribute to the learning envi-
ronment (Kay, 2008). Emotions negatively or positively affect students’ motivations (Pekrun et al., 2002), which, in turn, lead them to
concentrate cognitive resources and, in some cases, pursue higher learning.

Learners express different emotions, which can influence their attitudes toward a task (Pekrun et al., 2002), as well as their performance
of the task. If educational technologies (particularly educational games) can yield positive emotional responses, then their use potentially
leads to positive learning experiences and, by extension, improvement in learning outcomes (Antonio, Martin, & Stagg, 2012). A positive
correlation between positive emotions (happiness) and the acquisition of computer knowledge has been found (Hay, 2008). Until now there
is limited research on the effect of different emotional aspects that arise while a learner is using a learning game, and if these aspects affect
performance. The focus of the existing research is to explore this issue.

As a first step in our study, we examined the most well-used positive emotion named happiness, as the extent to which a person feels
happy and has a warm feeling.

Hence, the following hypothesis among learners’ happiness and their performance in the context of games is proposed:

H4. Students’ Happiness with the educational game has a positive relation with their Performance.

3. The math game

For the purpose of our study we used a math game named Gem-Game (Giannakos et al., 2012). The main purpose of Gem-Game is to
improve the mathematical skills of players. The main character (Peter) moves up or down dependent on the operation executed by the
player. So the students also get a visual idea of increasing quantity when adding and decreasing quantity when subtracting. The focus of the
study is not to validate any sophisticated game technology. This is why Gem-Game was simple and based on the traditional game mechanics
of Pong and Space Invaders, like reward, engage and rethink.

Most notably, the game features a plot in which the player is assigned a mission. The story and the mission are used to stimulate the
students’ interest and motivate them to play the game. The dialogue and the plot are funny, as to avoid resembling rigid book or common
computer-based exercises.

Our game’s design (Figs. 2-4) follows Vogler’s storytelling structure (1998), with each storytelling game consisting of some common
stages. In the first stage (Fig. 2), the hero is situated in the ordinary world; in our game, the hero named Peter is in his bed-room and looking
for his dog. Then the hero is presented with a problem or event that necessitates leaving the comfort of the ordinary world; Peter’s dog,
Lucky has been kidnapped. Next, the hero meets a mentor or someone who may offer advice or guidance; the fairy guides Peter to collect 30
diamonds.

Once the hero commits to the adventure, he begins the problem-solving process. During this process, the hero encounters various
challenges that he must overcome in order to progress. In this stage Peter has to play and win the game in order to collect the necessary
diamonds (Fig. 3). The ultimate goal of the player is to retrieve his dog by collecting diamonds. To achieve the ultimate goal, Peter must win
the 3 stages (Fig. 3). Specifically, Peter must correctly add/subtract in order to earn diamonds. For example, if Peter is positioned on line 6,

- —
One morning, Peter

Peter,

| have kidnapped
your dog, Lucky.

If you want him back,
you have to bring me
30 red diamonds

for ransom.

kisses

the bad witch
Stinky!

P.S. This letter will be
self-destructed!

Don't worry Peter.

eek 10 flyin
I'll help you. P y'ng

diamonds.

Fig. 2. The first phase of Gem-Game storytelling structure.
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Fig. 3. Video game stages air (left), sea bed (center) and helicopter (right).

and the diamond is on line 1, the player must write —5 in order to gain the diamond. The player completes each stage by collecting 10
diamonds. The first stage has only positive integers, the second stage has only negative integers, and the last stage has both positive and
negative integers. Moreover, at each stage Peter wears a different uniform: a flyer uniform in the first stage; a diver uniform in second stage;
and a helicopter uniform in the third stage.

By completing each one of the first two stages, the player obtains a code in order to be able to continue from that point. When Peter
passes all the stages and collects the diamonds, the fairy appears and calls the witch, who then takes the diamonds and releases the dog,
thereby presenting the moral aspect of the game (Fig. 4).

4. Study 1: differences in learning performance among game based learning and traditional instruction

In the first study, we will investigate the first research Hypothesis (H1) of that article; a positive (Gem-Game has better performance from
traditional instruction) or even neutral (Gem-Game has the same Performance with traditional instruction) result on the first hypothesis
will lead us to the second study and the other 3 hypotheses (H2,3,4) in order to specify which factors affect the performance of the students.

4.1. Research design

In our effort to investigate the performance of Gem-Game, we conducted a study that compares two different learning types; the
traditional instruction group corresponding to the control group and the game-based learning (using Gem-Game) group corresponding to
the experimental group. The research design consists of four steps and will measure students’ performance in the two groups of students
(Fig. 5). The two groups included identical learning objectives and content, and both groups were located in the same place (State Middle
School of Greece). The learning objectives of the game were adding and subtracting integers. However, the difficulty increased throughout

The code for the The code for the | peeked all the
- next level is: diamonds.

| see you brought Oh no! They are

the diamonds!
math teaching

diamonds!

Fig. 4. The second phase of Gem-Game storytelling structure.
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Sample Treatments Measures Analysis

Group A: Game-
, Based Learning Performance T-le;lémongAlhe ch;)res
¢
Students — tests of Group A an
Test " performance tests
Group B: Traditional |
Instruction ‘

Fig. 5. Graphical representation of the research design of the 1st study.

the game due to the speed increase of the Gems, as such students had to give faster their response with few chances for having “trial and
error”. In addition to that, as the game progressed the student has to deal with adding and subtracting with both negative and positive
numbers. In general, students have experience with adding and subtracting from prior years, however when speed increases and negative
numbers appear to the game, it is clear that students of this grade still have certain problems on these objectives. Any differences in student
learning outcomes and appeal to students should be attributed to the group type factor.

4.2. Sampling

The first part of the experiment began with the selection of the two groups to participate in the experiment. The school has two classes
with a total of 41 students. A pretest procedure was conducted. The pretest was developed with the assistance of the teachers and was the
same in terms of size and question type with previous ordinary tests. The proposal of the teachers and the results obtained from the pretest
procedure allowed us to form the two different groups (the game-experimental group and the traditional instruction-control group). Thus,
the two groups consisted of 20 and 21 students respectively, with high similarity in their performance rate (first group: M; = 14.28,
SD; =3.86; second group: M> = 14.44, SD, = 4.10). The game group included 12 males and 8 females, while the traditional instruction group
included 13 males and 8 females. The experiment was conducted in the first two weeks of December 2011. Student participants were 13
years old and attended the second grade of Gymnasium, learning the same course syllabus. They participated in educational games in the
last 4 weeks before the experiment, in order to minimize the effect of students’ enthusiasm. During these 4 weeks students participated on
games having exactly the same technology with the Gem-Game (flash), using exactly the same game-mechanics (Pong-based) but without
having the aforementioned mathematic learning objectives. In this way we minimized the effect of students’ enthusiasm about the game
and we did not provide them with the bias of the learning experience.

4.3. Measures and data analysis

As aforementioned, 41 Gymnasium students were involved in the experiment. They were separated into two student groups with high
similarity in their performance. One group was engaged in the Gem-Game-based learning, and the other group was engaged in traditional
instruction. Afterward, a performance test was used to measure students’ performance. The test, developed with the assistance of the
teachers, was the same in terms of length and question type as their regular tests. An independent samples t-test was conducted in order to
compare the improvement in the performance for the respective groups. Especially in a small sample size of a study, it is necessary to
validate the homogeneity of variance and the normality of the sample distribution (Nam & Smith-Jackson, 2007) before performing the t-
test. Hence, we applied Levene’s test to evaluate the homogeneity of variance and the Shapiro-Wilk test to evaluate the normality criterion
(Conover, 1998; Shapiro & Wilk, 1965). Both results revealed non-significant outcome (p > 0.05), suggesting that the samples had ho-
mogenous variances and normal distribution of data. This supports the usage of t-tests. The t-test method was appropriate as it applies to
the problem of estimating means of a normally distributed population.

4.4. Research findings

Using a t-test of the two groups, Game-Based Learning (M1 =14.99, SD; = 3.78) and Traditional Instruction (M, = 13.86, SD, = 5.66), the
results showed no significant difference {(39) = 0.75, p > 0.05. As a consequence, there was no difference between game-based learning and
traditional instruction in their overall performance of the test, even though the latter is an interactive way of learning. This result is
consistent with other studies (Papastergiou, 2009; Virvou et al., 2005) regarding game-based learning and provides us with a vehicle to the
next study to identify which factors of the game play influences students’ performance.

5. Study 2: the effect of students attitudes on their learning performance

As we have now proven the learning value of the game, which yields at least the same performance as traditional instruction. We will
investigate the potential effect of factors on students’ performance. Such an investigation will lead us to the answer of the research Hy-
potheses (H2, H3, H4).

5.1. Research design

In our effort to investigate the effect of 1) Enjoyment, 2) Intention to Use the Educational Game and 3) Happiness on students’ Per-
formance, we conducted a study to measure these factors and test the potential effects. The sample of the study consisted of students who
played the Gem-Game. The research design consists of four steps and will employ four factors (measures) as exhibited in the following
figure (Fig. 6).
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Fig. 6. Graphical representation of the research design of the 2nd study.

5.2. Sampling

The sample of participants in this study consisted of 46 students. Of the 46 participants, 29 were boys and 17 girls. All of the students who
participated in the experiment were around 13 years old, enrolled in the second grade of Gymnasium (middle school), and learning from the
same syllabus on mathematics and informatics. The experiment took place in a Greek state Gymnasium. They played the game during a
didactical hour, after which they completed the respective survey. The study was conducted over a weekly period from November 14-18,
2011. The game play was conducted on Windows desktops with a 17-inch screen using headsets.

5.3. Measures

After the game play, students completed a paper-based survey. The surveys gathered feedback of students’ enrollment with the math
game. The survey concerned factors adopted from prior studies: Enjoyment (ENJ), Intention to Use the Educational Game (IUEG), Happiness
(HAP) and students’ Performance (PER). In Table 1, we summarize the operational definitions of these factors, the items, and their respective
bibliographical sources.

Students were asked to rate their experience with Gem-Game regarding their Enjoyment, Intention to Use it, Happiness, and Perfor-
mance. In all measures excluding Performance, a 5-point Likert scale was applied (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree
and 5 = strongly agree). Table 1 clearly exhibits the questions made to the students.

For Happiness, we used a single scale (“Please show us how you feel about using Gem-Game to study with?”) from very happy (5) to very
unhappy (1) with Visual Analogue Scales (VAS) for students’ choices (see Fig. 7). VAS is a widely used question format; VAS uses pictorial
representations that children use to identify their feelings or opinions. This approach has been adopted as an alternative to the traditional
open-ended and closed question formats, researchers suggest that VAS can successfully being used with students’ aged 13 years old (Read &
MacFarnale, 2006). Using only one item to measure the factor of happiness has certain limitations, however the use of VAS provides other
benefits (e.g., the response reliability increased), which many times at this age are very important (Read & MacFarnale, 2006).

For the case of Performance, we used a Performance test, which was developed with the assistance of the teachers and was the same in
terms of length and question type as their regular tests.

As we mentioned on Section 2.2, this study is one of the few so far regarding the exploration of students’ attitudes and their effect on
learning performance. The selection of these three attitudinal factors and the respective measures were based on literature and prior
studies. To this end, the focus of this study is to shed light in the interplay of students’ attitudes and their learning performance in the
context of educational games. Follow up studies with larger sample and selection of more factors, covering better the area of these 3 major
categories (Fig. 1), will definitely provide better understanding of the issue.

5.4. Data analysis

As aforementioned, 46 Gymnasium students were involved in the evaluation. To test each hypotheses (H2, H3, H4) the data were
separated into two groups by performing median split on Enjoyment, Intention to Use the Educational Game, and Happiness. Afterward, an

Table 1
The research factors and their respective items.
Factors Operational definition Items Source
Enjoyment (ENJ) The degree to which the activity of using Please indicate how much you agree or disagree with the Venkatesh
the educational game is perceived to be following statements based on your experience with the Gem-Game: et al., 2002
personally enjoyable. Studying is more interesting using Gem-Game (ENJ1).

Using Gem-Game is fun (ENJ2).

I like using Gem-Game (EN]J3).

I enjoy those aspects of my studying that require me to use
Gem-Game (ENJ4)

Intention to Use The degree of students’ willingness to play Please indicate how much you agree or disagree with the following Lee, Yoon,
the Educational  the educational game. statements regarding your intention to use Gem-Game: & Lee, 2009
Game (IUEG) I plan to use Gem-Game for studying in the future (IUEG1).

I intent to continue using Gem-Game for studying in the future (IUEG2).
I expect my use of Gem-Game to continue in the future (IUEG3).

Happiness (HAP) The degree to which a person feels about using  Please show us how you feel about using gem-game to Read & MacFarnale,
storytelling game, regarding their happiness. study with? (See Fig. 7) 2006
Performance (PER) The level of knowledge acquisition students The Performance test.

obtained using the game.
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Fig. 7. Emoticons used in the survey to measure students’ happiness using Gem-Game.

independent samples t-test was conducted in order to examine the effect of Enjoyment, Intention to Use the Educational Game, and
Happiness on students’ Performance. The t-test method was appropriate as the samples had homogenous variances and normal distribution
of data. Except for the data provided by the survey and the performance test, this study gathered information from a light conversation/
interview with students, as well as the observations of researchers/teachers. These data provide a means to interpret and validate the
results.

5.5. Research findings
Fornell and Larcker (1981) proposed three procedures to assess the convergent validity of any measure in a study:

(1) Composite reliability of each construct,
(2) Item reliability of the measure,
(3) The Average Variance Extracted (AVE).

First, we carried out an analysis of composite reliability and dimensionality to check the validity of the scale used in the questionnaire.
Regarding the reliability of the scales, Cronbach’s « indicators was applied (Cronbach, 1951), in addition to inter-item correlations statistics
for the items of the variable. As Table 2 demonstrates, the result of the test revealed acceptable indices of internal consistency in all the
factors.

In the next stage, we proceeded to evaluate the reliability of the measure. The reliability of an item was assessed by measuring its factor
loading onto the underlying construct. Hair, Jr., Black, Babin, Anderson, and Tatham (2006) recommended a factor loading of 0.7 to be good
indicator of validity at the item level. The factor analysis identified two distinct factors: 1) Enjoyment (EN]); and 2) Intention to Use
Educational Games (IUEG). Additionally, we used one single (visual) item factor: 3) Happiness (HAP); and another factor derived from the
students’ knowledge acquisition, 4) Performance (PER) (Table 2).

The third step for assessing the convergent validity is the average variance extracted (AVE). AVE measures the overall amount of variance
that is attributed to the construct in relation to the amount of variance attributable to measurement error. Convergent validity is found to be
adequate when the average variance extracted is equal or exceeds 0.50 (Segars, 1997).

To examine the research hypotheses regarding the effect of ENJ, IUEG and HAP on students’ PER, we divided ENJ, IUEG, and HAP on high
and low categories performing median split, then performing a t-test including students’ PER as a dependent variable and the other three
factors (ENJ, IUEG, HAP) as independent variables. All statistical analyses reported were conducted with a significant level of 0.05. As we can
see from the outcome data in Table 3, ENJ has indicated an impact on students’ PER while IUEG and HAP have not.

Although the three independent variables exhibit the intentions and beliefs of the learner, they affect the Performance of the learner in
different way. In order to identify the correlations among these three factors, we used Pearson’s correlation coefficient, which is about
quantifying the strength of the relationship between the variables. Pearson’s test verified the relatively strong relation among the three
factors as indicated in Table 4.

Observing Table 3, we notice that only ENJ has the significant effect on learner PER, and from Fig. 8, we can observe that EN]J is the only
one with a positive effect. In addition, IUEG and HAP have negative but insignificant effect. Although insignificant, we must acknowledge the
negative effect of HAP; Fig. 7 exhibits that is much higher than IUEG. Overall, Fig. 8 clearly exhibits the positive and significant (based on the
t-test) influence of ENJ on learners’ IUEG.

To help the interpretation of the results we also used qualitative data. Although a structure interview could not be performed with the
students due to legal constraints, they had a light interview/conversation with the researcher. In addition to that, observations were
collected by the researcher and the teachers; after the treatment we had a detailed discussion with the teachers.

Table 2
Summary of measurement scales.
Constructs Items Mean S.D. CR Loadings AVE
Enjoyment ENJ1 4.05 2.39 0.91 0.89 0.71
ENJ2 3.55 2.28 0.71
ENJ3 3.40 2.54 091
ENJ4 3.90 2.20 0.84
Intention to Use the Educational Game IUEG1 330 234 0.97 0.93 0.87
IUEG2 3.00 2.29 0.94
IUEG3 2.70 2.00 0.93
Happiness HAP 34 1.27 - - -

Performance PER 13.86 4.76 - - -
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Table 3
Hypothesis testing using t-test.
Dependent variable Mean (S.D.) T
Low High
Performance Enjoyment (ENJ)
12.20 (6.26) 15.51 (5.12) 2.35*
Intention to Use the Educational Game (IUEG)
14.12 (5.12) 13.59 (5.68) 0.29
Happiness (HAP)
14.62 (5.39) 13.09 (6.10) 0.37
*p < 0.05.
Table 4
Pearson’s correlation coefficient between factors.
Factors ENJ IUEG HAP
ENJ 1
IUEG 0.587* 1
HAP 0.585* 0.705* 1

*Correlation is significant at the 0.01 level.

In the discussion with the students, the researcher guides the conversation in order to probe different aspects of students’ enjoyment,
motivation and learning performance throughout the treatment. In the conversation, students supported that the continuation of that
practice with similar games will be very positive. They also asked for the possibility to include similar activities in other courses.

According to the informal data gathered from researcher’s observations, students seemed enthusiastic with the game-play during all the
period of the experiment. It is quite interesting that their excitement did not reduce when they used the educational game (instead of the
non-educational ones). It seems that as the game mechanics and the technology were similar they did not get frustrated from the
educational content. During the intervention, they were relatively quiet, only some exclamations of satisfaction from students who had
managed to get on the second and third level. Those exclamations came mostly from boys, whereas girls seemed more quiet. Sometimes,
students walked around the lab to find out who else finished that stage and helped their friends who faced “difficulties”. Students, as
observed, enjoyed viewing the number of collected diamonds and compared it to each other. They were engaged in challenging who will go
first on the next level. In addition, it was observed that they skipped the storytelling in order to get faster on the next stage.

Teachers who participated in the experiment discussed with the researcher for the educational benefits of the game and the attitude
of their students while using it. Teachers were impressed by the effect of the game on students who otherwise would pay no attention
in the class. In general, teachers thought that educational game use was highly beneficial for students that were considered undisci-
plined. In fact, teachers mentioned that students were as much immersed as with the prior non educational games. In general, teachers
believe that the usage of similar games among the “boring” traditional instruction may valuably contribute to students’ attitude during
a school day.

Teachers’ opinion was in alignment with the results of the quantitative data. When we asked teachers about the factors used in our study
and hypotheses, they said that based on their experience and observations, they believe that the most influential factor on students’
performance must be the enjoyment. They think that this is strongly connected with students’ engagement and persistence with the game
and as a result with the knowledge they will acquire throughout the game. On the other hand, they believed that happiness and intention to
use might be of less importance, since, on any case, students will be happy with the game and will want to participate again on similar
activities. However, enjoyment clearly increased when students succeeded in the game.

We believe that additional qualitative data (e.g., structured interviews with the students) is necessary to explore the relationship be-
tween the attitudes of the students and the knowledge acquisition. With more in depth qualitative-based studies we will be able to identify
the exact features of the game, which help students increase their enjoyment, engagement and learning performance.
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Fig. 8. The influence of students’ attitude in their actual performance with the educational game.
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6. Discussion and conclusions

This study evaluated the performance of a game targeted at the learning of mathematical competences within the Greek middle school
math curriculum. In line with previous studies (Papastergiou, 2009; Virvou et al., 2005), this study indicates that Gem-Game successfully
utilized in formal education to support students in Mathematics.

The main objective of the presented study is to explore the relationship between students’ attitudes and learning performance regarding
educational games. In particular, three hypotheses (H2-H4) were presented, which help in understanding how attitudinal factors contribute
to game performance. The findings indicate that ENJ has a positive effect on learners’ performance. As such, our study results suggest that
enjoyment could play a very influential role in determining the knowledge acquired by the learner.

On the other hand, learners’ HAP and IUEG indicate an insignificant effect on performance. As such, the hypotheses H3 and H4 are
rejected. This is quite curious, but can be connected to the fact that some high performance students’ have difficulties engaging in game
playing (Cheng, Deng, Chang, & Chan, 2007), which results in low HAP and IUEG, while maintaining high performance. Such a case makes
the connection between ENJ and PER even stronger as it is kept unaffected.

Our study is also in line with many studies (Sumak, Hericko, & Pusnik, 2011) that also deal with the effect of learners’ attitudes on their
intention to use educational games. Our study clearly points out (Table 4) the important roles of ENJ and HAP in influencing the decision of
learners to use an educational, as well as subsequent actual use.

The study has also produced a number of interesting qualitative findings that illustrate the impact of the enjoyment experienced through
games on students’ behavior. At the end of the study, students suggested that they should play on their own laptop in the classroom, and
they could even use it at home in order to be trained in this way. Another crucial aspect was the students’ sense during the experiment.
Based on the researcher observation in the lab, it can be presumed that most of the students felt “excited”. Researchers’ opinions regarding
the “excitement” of the students arise from the comments of the students, such as “awesome,” during and after the experiment. Teachers
present were asked to observe students playing the game, and they responded that students who played the game seemed so immersed in
playing that their behavior changed, as they appeared to be very interested in the game. In general, the results counter positive emotions
and beliefs for the use of educational game, though we identify that all the positive emotions do not impact the knowledge acquired. The
important role of enjoyment on the educational game is also agreed by the teachers.

The research findings revealed that learners reflecting high enjoyment are more likely to acquire knowledge through the game. As such,
instructors, higher education institutions, and schools should focus on the “entertainment” nature of educational games. To date, the
majority of educational games is not focused on “entertainment” attributes. Collectively, the findings from the present study suggest that
educators should provide a learning environment where enjoyment is supported and fostered in order to facilitate successful learning
performance with the game. Overlooking students’ enjoyment could have detrimental effects on the learning performance.

Although our study provides evidence for the learners’ performance and attitudes regarding educational games, there are also some
limitations. First, the generalizability of the results must be carefully approached since the study was conducted in a specific context (e.g.,
educational level, course). Second, a self-report method (surveys) was used to measure the attitudinal research variables, so some of the
results might have a common method biases. However, the main interest of our study is to explore the relationship among students’ at-
titudes and performance. This reduces the common method bias as the independent and dependent variables were measured with different
methods. Nevertheless, other methods, such as in-depth interviews and observations, could provide a complimentary picture of the findings
through data triangulation. Third, it could also be argued that our study was influenced by some kind of Hawthorne effect; this effect in-
creases students’ performance produced by the psychological stimulus of being singled out, made to feel important and part of something
new (Gillespie, 1991); or by a form of teacher expectancy effect, that is an increase which is generated simply because students are expected
to do better (Rosenthal & Jacobson, 1968). However, we tried to reduce this effect with the 4 week introduction of the students with similar
games. Finally, other demographic variables (i.e., age, educational level) may have a contingent effect on educational gaming.

This study provides valuable insights and opens new avenues for future work. Future research that may include a larger sample, different
educational levels, a wide variety of measures (i.e., observations, interviews) will shed valuable light on attitudes-performance relations. In
addition, in-depth analyses (i.e., behavioral sequential) should be conducted to understand how gamers’ attitudes relate to their perfor-
mance. For such follow-up research it would also be desirable to use diverse measures of emotion such as face expressions, EEG, pulse
mouse and other biometric measures and interpret the results with the results of our study.
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