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Abstract: A great potential of educational computer games in learning process has prepared a good opportunity for
teachers to apply “playful elements” in learning environments. As a result educational computer games are widely
used as tools to entertain, instruct, motivate and develop skills. The effectiveness of a computer game in sense of
help players to learn has been matter of game education industry for years. One of the best methods to assess game
usability is game heuristics. Heuristics is an evaluation method that was developed and improved tremendously from
general interface evaluation to specific evaluation such as computer game application. This study aimed to provide
an easy to use, yet valid method to best evaluate usability of a game, it focuses on two techniques based on two
types of evaluators; the expert evaluators and real users. A decision tree, which is based on two levels of evaluation,
is the outcome of this study with which, game players with the medium understanding of game can benefit from.
Here first a collection of game evaluation criteria are collected from literature and then has been verified to be valid
and related by experts.
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1. Introduction namely, improving strategic thinking, the practice of
Nowadays, a rising number of teachers have logic, memory, problem solving, and critical thinking
been trying to motivate their student to learn through skills are stressed by Leung and Yu (2007).
assimilating educational games within teaching Wangenheim and Thiry (2008) declared that the
process (Roblyer, 2006). In learning environments a educational computer game prepares user learning
great potential of educational computer games in environment in real situation and at the same time
learning process has prepared a good opportunity for creates self confidence among the users.
teachers to apply “playful elements”. Educational Dempsey et al. (1996), in his study proved
computer games and other types of computer based that educational computer games could entertain,
applications have been extensively used in learning instruct, change attitude and develop skills. Therefore,
process; either directly or indirectly (Omar & Jaafar, evaluation of educational computer games is a crucial
2008). As a supporting tool, they provide a proper phase in order to assess the positive effects of such
environment for teaching and learning (Omar & tools (Wangenheim & Thiry 2008; Seifer & Holmes
Jaafar 2008), while they engage students’ motivation 2009). However, lack of the measurement in this case
during learning process (Virvou & Katsionis, 2008). still remains an issue (Papaloukas & Xenos, 2008;
Although, considering the existence of all Wangenheim & Thriy, 2008; Lin, 2009; Sharda,
kinds of educational computer games, it is wondered 2007). The existing evaluation methods have been
if any of them has the ability of actually improving developed to be applied for evaluating computer
student learning. Many researches show the software, though, same methods are mostly employed
advantages of educational computer games. Percival to evaluate computer games without any special
and Ellington (1993) believe that educational adjustment such as Nielsen’s heuristics (Federoff,
computer games could provide a user, a virtual 2002). Therefore, it obviously needs to develop
world to experience a real world, and they can specific evaluation methods for computer games.
reinforce teaching process by illustrating. Betz (1995) Meanwhile, determining the expert level is a
stated that computer games will improve learning crucial function while there is not any benchmark for
power through visualisation, experimentation, and such processing. Even though, enough literature
creativity which will make learning more fun (Kafai, could be obtained about expert evaluation but
2001). In the works of Gee (2004) and Koster (2005), information regarding expert levels, which can be
they frequently mentioned that via educational determined by several criteria such as work
computer games the process of learning experience are really scarce.

transformation will be facilitated. Other factors also
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As abovementioned factors the following
are the short summaries for problem statement of this
research:

. There are a lot of educational games in
market; still, the easy tools which users want
to use is not available, so tools cannot
provide a good feedback for them about the
educational games which are going be
purchased.

. Expert’s evaluators (i.e. heuristic evaluation)
require a tool that can provide them
information massive but simple calculation
that assist them to do make decision.

. The existing evaluation methods have been
developed normally to be applied for
evaluating computer game, however, there is
no available specific method yet to be
employed to evaluate educational computer
games (Gonzalez &Masip, 2009).

The significance of this research is
identifying the main characteristics of educational
computer games that allow the design and
development a simple decision tree based on expert
evaluators. The level of learning is crucial when a
game is categorised as an educational material. In
addition, although there are online tools to help users
with finding and selection of educational game the
writer could not find any available on-line evaluation
system for educational game which can extend its
domain for collecting information. It also can be
accessible anytime and anywhere. This system is
based-on expert heuristic evaluation and the research
will create a general on-line evaluation for
educational computer games.

2. Literature Review

In order to examine the product, Evaluation
process can be conducted in two methods (Zaidatun,
2009), Formative and Summative. Formative
Evaluation is a process of examining a product
during the producing steps and Summative
Evaluation refers to the testing of the product after it
is produced. (Bhola,1990), explains the formative
evaluation as “a method of judging the worth of a
program / product while the program activities /
products, are forming or happening formative
evaluation focuses on the process. “And Summative
Evaluation is “a method of judging the worth of a
program / product at the end of the program activities
/ products. The focus is on the outcome.”

The statement is supported by Western
Michigan University (2008), and instructional
assessment resources (2010), that define formative
evaluation as a research carried out throughout the
development phase of an educational program, in
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order to provide feedback to improve the program,
whereas, summative evaluation has been defined as a
research at the end of the educational program to
consider the good points of such program to help the
process of decision making for the program
expansion, continuation, adoption or termination.

Looking at the results of others can be a
good starting point for evaluation. Designing a meta-
study, considering the first impressions of people,
self-reflections and checking books, newspapers and
databases for reviews are among the options in this
method.

While Zaidatun (2009), has defined four
methods for evaluation, others have different ideas.
Traditional Laboratory-Based Usability Evaluation
and Remote Evaluation (Kodiyalam 2003), Heuristic
Evaluation (HE) and Structured Expert Evaluation
Method (SEEM) (Bekker et al. 2009), heuristic
evaluation and user testing(Tan et al. 2008), inquiry
and experimental methods (Papaloukas & Xenos
2008), and heuristic evaluation and analytic hierarchy
(Delice & Gungor, 2009), have been compared
differently.

Quality assurance (QA) staffs in a game
company usually test the game mechanics, which
include the way that a player is able to move in the
game environment (jump, run, drive, etc.). These
people will make sure that there are no bugs in all the
games that are shipped. Such mechanics are created
by animators and implemented into the game engine
by the programmers and then, level designers put
them into the environment of the game. These three
processes as mentioned comprise the game
mechanics.

Game play involves all the challenges and
issues that one player faces in order to try and win the
game. Game play is defined by Crawford (1982), as
pace and cognitive effort.

Based on the genre of the game (First person,
role-playing, first person shooter, adventure) and the
platform (personal computer, console, coin-operated
machine) all the aspects mentioned are different. For
example, adventure game used to mostly be played
on computers but now they are appearing in consoles
as well. Using controllers’ buttons are not very
popular among adventure gamers. In this way, the
usability of a game is the same as the other software
and therefore, usability only can be evaluated while
considering the context.

In such case, Nielsen (2003), who has been
called as a leader of web usability defines this
concept as a “quality attribute that assesses how easy
user interfaces are to use”. The term “usability”
illustrates different approaches to improve ease-of-
use throughout the design process. It can be described
as a capability to be used easily, effectively, and
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satisfactorily (Shackel 1991). To support that, Dillon
(2001), claims that “Usability is a measure of
interface quality that refers to the effectiveness,
efficiency and satisfaction with which users can
perform tasks with a tool.”

Moreover, as Gaffney (1999), stresses
usability is a technique to make sure that the
anticipated users of a systems can conduct the tasks
intended. Effectively, satisfactorily and resourcefully,
Rafidah and Jaafar (2008), explain a usable system as:

“A usable system enables users to

achieve their task and goals

quickly, easily, effectively and the

users satisfied with the outcomes.”

Therefore, effectiveness, efficiency, and
satisfaction are the three basic usability metrics.
Effectiveness is to what extent specific goals of a
system are achievable (Park & Lim, 1999). Erik and
Morten (2000), explain it as the accuracy and
completion of specified goals achieved by user, while,
“quality of solution” and “error rates” are its
indicators. A system has effectiveness while it can
provide information effectively to achieve certain
goals (Jeng, 2005). In this case, the number of correct
answers can measure the level of effectiveness.
Shortly, effectiveness refers to the accomplishment of
a goal by user (Papaloukas & Xenos, 2008).

Decision trees (DTs) represent one of the
most important and popular solutions to the problem
of classification. They have been shown to have
excellent performance in the field of data mining and
machine learning (Alhammady, 2006). Decision trees
are a simple, but powerful form of multiple variable

analysis. They provide unique capabilities to

supplement, complement, and substitute for

. Traditional statistical forms of analysis (such
as multiple linear regression)

. A variety of data mining tools and
techniques (such as neural networks)

. Recently developed multidimensional forms

of reporting and analysis found in the field
of business intelligence (SAS Customer
Support. 2012).

Decision trees attempt to find a strong
relationship between input values and target values in
a group of observations that form a data set. When a
set of input values is identified as having a strong
relationship to a target value, then all of these values
are grouped in a bin that becomes a branch on the
decision tree. These groupings are determined by the
observed form of the relationship between the bin
values and the target. AHP (Analytic Hierarchy
process is the most common way of constructing a
decision tree using multiple criteria and weighted
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analysis conducted to weigh the criteria and form a
weighted hierarchical decision tree (Kalton,1983).

This research intend to create and organize a
weighted desicion tree evualator for educational
game. In order to provide that, first a list of most
related criteria which are related to the scope of
educational game is needed, which was done through
intensive literature review. After gathering the
criteria, the first draft of the educational computer
game evaluation criteria was drawn.

In this framework, six categories will form
the final evaluation index for educational games. The
list of these factors more or less exists in the
literature of game evaluation but not much
investigation has been done in educational games.

Considering all the facts, writer has not just
concentrated on the factors, which were found in the
educational game, literature and have tried to expand
it to the new factor taken from game evaluation. The
effectiveness of new and exist categories and sub-
factors will be investigated through this research, and
as it mentioned earlier the effect of each factor and
consequently sub-factors in the final index would be
analysed and investigated based on the experts’ views.

3. Methodology and data collection

As every other research in the area of
information technology, this study is based on the
process of proposing approach and then investigating
the effect of the proposed approach using quantitative
analysis that will contain data collection among
certain groups of experts whose job expertise are
related to game industry or more preciously
educational game experts. The results of this
investigation will be the main material for discussion
and the important results would be highlighted. In
order to design a highly related, yet simple
questionnaire which best fits within the requirements
of this study, a deep literature review among the
available resources is conducted to best fulfil the
requirements and criteria which are needed to be
investigated for the whole study life cycle. In the
initial planning phase, the objective of the project
along with the scope and the high level methodology
is extracted and defined so the project will find its
path through literature review. As Teijlingen and
Hundley (2002), stress pilot study amounts to a
smaller version of a full-size study which can be seen
a crucial element of a good study. To support this,
Gay and Mills (2009), defined it as a dress rehearsal
while it follows every procedure exactly as planned
to identify unanticipated problems. In this study,
before conducting the actual research, experts were
chosen for the pilot study through the questionnaire.
Pilot study was conducted to identify whether or not
the research instruments can be proper in the actual
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study. The same research procedure was done to
conduct the pilot study.

Although random sampling techniques
prepare the best opportunity to get unbiased samples,
researchers cannot always use random sampling due
to practical constraints (Gay & Mills, 2009). The
chosen method to select the sample for this study is
convenience sampling that is non-random approach.
According to Gay & Mills (2009), it is a process of
involving whoever happens to be available in the
sample.

Therefore, in order to do the evaluation
process, the questionnaire was sent to about 993
experts in the area of programming with focus on
game programmers around the world. In order to do
so, first a list of these experts’ names were extracted
from Linkedin.com website and subsequently an
email was sent to them containing the link for the
online survey along with a cover letter about the
purpose of the research and some guidelines on how
to fill in the questionnaire. From this list,
unfortunately a small number of them were willing to
participate in the survey; thus the researcher received
only 20 responses. These responses were regarded as
the basis for evaluating the relevancy of the selected
criteria in the framework for the educational game
evaluation and based on these results the first
framework was evolved to second framework.

4. Results

In order to compare the effect and
importance of each of the main categories from the
respondents’ point of view, the weighted average for
each of them was calculated which is shown in Table
1.

Table 1. Main Categories Weighted Average

Main Category ‘Weighted Average (0-

)
Game Interface (GI) 4.04
Game Mechanics (GM) 3.49
Game Content (GC) 3.64
Game Playability(GPL) 3.64
Game Pedagogical (GPD) 3.93
Game Feedback and Immersion (GFI) 4.08

For better understanding, the results are
shown in Figure 1 as well.

As Figure 1 shows, the most important
categories are Game Feedback and Immersion (GFI)
and Game Interface (GI) and the least important
category is Game Mechanics (GM).
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Figure 1. Main categories’ weighted average

After finding the most and least effective
categories from the respondents’ point of view, it is
needed to investigate the effect of such criteria for
each category. The device that the player interacts
with the game is called the game interface. The
criteria considered in this research for GI are:

e The controls, which can be customized and
are based on the standards setting of the
industry.

e Controls, which are intuitive, have
similarities with natural method of doing
such actions.

e The interface ought to be non- intrusive to
the possible extent.

e At any point desired, the players can know
about their scores and status in the game.

e In order to shorten the learning curve, follow
the standards set by the gamin community.

e Interfaces should be consistent in colour,
control, dialog design and typography.

e The layers of the menu of an interface must
be minimum.

e The meaningful feedback can be provided
through using sounds.

e Readers are not expected to read manuals.

e Layers should be able to save games in
different states.

e Artshould be used in a way to its function.
In order to determine the importance of each

of the above criteria, the weighted average of the
respondents’ answers for each attribute was
calculated and shown in Figure 2.
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Figure 2. Weighted Averages of Game Interface (GI)
Criteria

As Figure 2 shows the most weighted
average is for the 9™ criterion, which do not look
forward to the user reading a long manual as an
necessary method of learning, and the least weighted
average is for the 1% one, which is the customizable
controls based on industry standard settings.

In order to find out the level of agreement
among different respondents about effectiveness of
each criterion, the standard deviation for the
responses to each question is calculated and shown in
Table 2.

Table 2. Standard Deviation for Responses to each
Question in GI Category

Que 1 1
stion 1 2 3 4 5 6 7 8 9

No. 0 !
Stan

dard 0. 0. 0. 0. 0. 0. 0. 0. O 1. 1
Devi 8 7 9 8 8 7 8 8 7 2 0
atio 9 6 2 8 9 2 5 5 6 5 3

n

As Table 2 illustrates the standard deviation
for almost all of the questions is below 1, which
shows the responses where close to each other, and
the respondents had almost the same opinion about
the questioned criterion. Only question 8, which is
about using sound to provide meaningful feedback,
has the standard deviation of 1.25.

In order to evaluate a game, it should be
registered in the system. The information fields,
which are needed to register a game, include: name,
type, company, environment, OS compatibility,
hardware compatibility and description. Figure 4.19
shows the game registration page in the website.
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Figure 3. Game Registration Page

The “Game points” page is designed based
on the categories and subcategories of the developed
decision tree in this research. The user is asked to
choose the game they want to assess and evaluate the
particular game in each of the criteria and score it out
of 5. These scores are used for the purpose of the
overall evaluation of the game and further for
comparing different educational games with each
other. Figures 4.20, 4.21 and 4.22 are snapshots of
the game points page.
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Figure 6. Game Points Page 3

The pilot study of developed website was
done with knowledgeable potential users of the
website. This pilot study aimed at identifying the
possible drawbacks of the site in terms of usage,
usefulness, interaction and user-friendliness. For this
purpose a group of 6 potential users were chosen and
were asked to fill in the questionnaire about the
functionalities of the developed website. These
people were mostly university lecturers, system
engineer, and PhD students. They had at least 2 years
of experience in the field of game industry. They
described their experience in this field, which can be
categorized as following:

. 2D and 3D game designer using flash and
3D studio max.

. Image processing for game development.

. Design and implement educational gaming.

. 3D MAX and other software for developing
games specialist.

. Software Design and Testing specialist.

. Social Media and knowledge sharing
application consultant related to the
education.

The overall feedback on the developed
website shows that it can be a useful tool for
evaluating educational games and provides good
results for the user. The results of the pilot study are
discussed in next parts.

5. Conclusion

There were some problems and challenges,
which the researcher faced during the study. One of
them was lack of quantitative researches in the field
of evaluating educational games since most of the
researches in this field were qualitative and
descriptive. The other problem was in accessing the
experts in the field of the educational games for
evaluating the proposed decision tree and defining
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the weight and importance of each criterion. The
researcher had to send enormous amount of emails in
order to get responses from the experts.

The main objective of this study was to
design a decision tree and a decision tree for
evaluating educational games. This decision tree
should be comprised of different categories and
subcategories with the weights assigned to each of
them, which show the importance and weight of each
criterion. These weights then are used to find out the
score of further evaluated educational games.

It should be mentioned here that this
research based its criteria selection on previous
studies (e.g.Federoff 2002; Jegers 2007; Korhonen &
Koivisto 2007; Melone 1980; Melone 1982;
Papaloukas & Xenos 2008; Shelley 2001; Sweetser &
Wyeth 2005). Although none of these studies
weighted evaluation on the metrics which makes the
result of this paper useful as they are both based on
previous studies in their criteria selection and an
improvement comparing to previous ones because of
weighted decision tree that is created on experts’
opinion which is presented in two step questionnaire
assessment. To the best of the researcher’s
knowledge, there is similar study in the area of
educational game evaluation to date which provide
weighted decision tree as an outcome, hence this
decision tree could be the basis of further studies.
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