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Abstract: Educational games as an emerging strategy for evaluation and learning, have
received widespread attention. How to evaluate educational games has become a hot topic
in the field of educational technology in recent years. Therefore, the purpose of this article
is to introduce the evaluation of the development of educational games in primary and
secondary schools in the past five years. We selected three commonly used English
databases, searched the papers for the past five years according to keywords, and identified
14 papers from them, describing the different methods (including emerging technology and
traditional evaluation) used in the evaluation of educational games. And introduced the
dimensions of different evaluation methods. We also describe the tools and methods used
in collecting and analyzing data. Most of the papers will use traditional evaluation
methods, even if they use emerging technology evaluation methods, they will still use
traditional evaluation methods as supplements. Nevertheless, most of the evaluation
methods used in the paper are highly targeted, and there are various choices according to
different evaluation dimensions. The author finally suggests that the evaluation dimension
of educational games can be classified by Bloom's teaching objective classification, and
can refer to the educational game evaluation methods proposed in other higher education.

1. Introduction

In recent years, due to the rapid development of technology, our learning method should not
be limited to textbooks, and the learning content should not be limited to textbook knowledge. The
advent of educational game has broken this deadlock. Educational games can not only be used as a
way to learn textbook knowledge but also can learn or improve a certain ability; therefore,
educational games have attracted much attention in the educational technology field. How to use
games for learning, that is, educational games, has caused great concern in the field of education.

More and more scholars use games as a tool to evaluate student learning, apply educational
games to different disciplines, design different educational games according to different research
purposes, and take different measures to collect and analyze data to evaluate games what impact has
it had on students.
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Regarding what is an educational game, Dempsey puts forward his own opinions on topics,
concepts, learning skills and attitudes[1]. Connolly et al. believe that games are a instructional
strategy to achieve high-level learning[2]. The author believes that there are many definitions of
educational games, but its main purpose is to have a positive impact on education.

The quality of educational game is directly related to the effectiveness of students’ learning and
students’ interest. Therefore, how to evaluate educational games with high quality has become a
huge challenge now.

Wang et al. regard digital educational game evaluation as a process, and believe that the main
body of digital educational game evaluation uses specific evaluation standards, methods,
techniques, tools and processes to clarify the advantages or value of digital educational games from
a theoretical perspective[3].Regarding the traditional evaluation of educational games, the author
believes that the main form is to conduct certain tests according to the evaluation dimension before
and after the game to check the effects of educational games.

Thus, in order to elicit the state of the art of how to systematically evaluate educational games,
we conducted a systematic literature review. The main contribution of this paper is to explore the
main methods used in the evaluation of educational games (the methods of emerging technologies
and traditional evaluation methods), as well as the data collection and evaluation methods in the
evaluation of educational games.

There are a lot of reviews about the evaluation of educational game. Petri et al. described the
method of systematically evaluating educational games and gave a more detailed description[4].
They believe that most of the methods of evaluating educational games are temporarily developed
and believe that it is necessary to further study the definition and operability of educational game
evaluation. Tahir et al. studied the dimension of educational game evaluation[5]. Petri et al.
analyzed the definition of the methods they used, and the way of evaluation and analysis[3]. Wang
et al. Dbelieve that the current understanding of digital educational game evaluation in foreign
digital educational game evaluation is mainly based on objectivist epistemology, without paying
enough attention to educational evaluation theory, and the evaluation tools proposed also need to be
strengthen the validity test[2].

In previous studies, the researchers did not clearly distinguish between different school
segments, and did not explain how the different evaluation methods are connected and what
problems exist. So, in this study, we summarized the methods used to evaluate educational games
used in k-12 education, without considering higher education even the educational games for the
elderly and social people. And we have further explained the traditional evaluation methods and the
evaluation methods of emerging technologies.

In order to systematically examine the methods used in evaluating educational games, the review
is guided by the following questions:

Q1: Which technology (approaches) exist to systematically evaluate educational games? (We
think the technology includes models, scales, or frameworks etc.)

Q2: What methods are used to collect and analyze data? (We think that data includes data
generated in the education games as well as experimental data.)

2. Method

In order to select useful papers and ensure the maximum relevance of the papers,we used
keyword search as search approaches .We have selected the three most commonly used English
database by the author: Springer, Web of Science, and EBSCO.
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Table 1: Search statement

Database Boolean expression
'(assessment OR evaluation) AND (“educational game " OR "learning game " OR
Springer "gaming for education™ OR "integrating the game™) AND (education OR " game based
learning")’
TS= ((assessment* OR evaluation*) AND (“educational game*” OR “learning game*”
Web of Science OR “gaming for education*” OR “integrating the game*”) AND (education* OR “game

based learning*”))

(assessment OR evaluation) AND (“educational game " OR "learning game " OR
EBSCO "gaming for education™ OR "integrating the game™) AND (education OR " game based
learning™) published between 2015-2020

The following inclusion criteria were set to screen the papers:

Inclusion Criteria 1: Papers must include educational games and evaluation.

Inclusion Criteria 2: Papers belonging to empirical study.

Inclusion Criteria 3: Papers only for primary and secondary school students.

Inclusion Criteria 4: Papers don’t include a review of evaluation of educational games.

Keyword search is a commonly used method to search the target literature. After logging into the
appropriate database, enter the correct Boolean expression.

After using keyword search, there are 43 papers in EBSCO, there are 113 papers in Web of
Science, there are 545 papers in Springer, in order to ensure maximum relevance we have selected
only the first 100 articles. And after screening according to the above criteria, no selected literature
was included in EBSCO, 9 papers in the Web of science meet the criteria, 6 papers in Springer meet
the criteria. There is an identical paper in Web of Science Therefore, a total of 14 papers were
qualified.

3. Results
3.1 What Methods Can Evaluate Educational Games?

In this section, we analyzed the 14 papers from the perspective of the way of educational games
evaluation.

Among the final selected papers, 11 (78.6%) papers used traditional evaluation methods, and 8
of these 11 papers used emerging technology evaluations. The remaining 6 (42.9%) papers only use
traditional evaluation methods, as shown in Figure 1. Of the 8 papers, 3 (37.5%) used the model, 1
(12.5%) used the framework, and the remaining 4 (50.0%) used other methods, namely game log
files and development systems or software and engine.

We divide the evaluation of emerging technologies into three categories: models, frameworks,
and other categories.

Yeni and Cagiltay tries to demonstrate the importance of the academic content-fantasy
integration. Therefore, they analyzed the academic and fantasy aspects of the game through the
RETAIN model, and analyzed the gaming experience and entertainment aspects through the
GameFlow model standard[6]. Both models can provide guidance for game development and
teachers who use the game in teaching. Su and Hsaio proposed a novel multiple-criteria decision
making model based on Flow theory, and developed an evaluation mobile learning game system
(EMGS) based on the proposed model[7]. The results of the study indicate that using the developed
system is faster than traditional evaluation methods. Two papers used Technical Acceptance Model
in the evaluation process, it mainly used to measure the player’s acceptance of information
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technology. Researchers usually use this model as a basis to design questionnaires.Research has
proved that TAM is a useful theoretical model that can understand and explain user behavior in
information systems[8].With the advent of the era of education informatization, our country also
has requirements for the programming ability of primary and secondary school students. And the
results of preliminary students indicate that educational games support students to understand basic
programming concepts. Duh et al. scholars used the educational game Azbuka and studied the
game’s acceptance and its impact on children’s learning motivation. For the study of acceptance,
the three scholars chose the TAM model[9]. When studying the intrinsic motivation of learning,
they chose the Intrinsic Motivation Inventory model as the basis for evaluation, and designed four
subscales for interest/enjoyment, effort/importance, pressure/tension, value/usefulness. And they
found that children have a high internal motivation for learning new technologies, and they will
soon be able to accept and adopt new technologies.

One of these 8 papers used framework: TPACK framework. It analyzed effects on
practice.Evans, Nino, Deater-Deckard and Chang used the TPACK framework to analyze the
impact of the use of mathematics learning games in practice in the middle school setting, and
analyzes the three main research areas of TPACK in detail: Technology, pedagogy and content
knowledge[10]. The implementation of new learning techniques and teaching methods has brought
about significant changes to teachers’ teaching, so it is beneficial to use technology integration
theoretical frameworks such as TPACK as analytical lenses.

In recent years, the game log files has attracted people’s attention as a new way of evaluating
educational games. Ke and Hulse, T., et al used the game log files flexibly in their research[11][12].
The log files in the game provides us with a unique innovative evaluation function, which can
measure the entire learning process of solving problems in real time. Using the game log files to
capture the various behaviors of the player is a more accurate method.

Some scholars use Bayesian networks when evaluating educational games. Bayesian network is
probabilistic graphical model that can be used for statistical modeling, inferred statistics, and have
good interpretability. Hooshyar, et al. advanced Online Game-based Bayesian Intelligent Tutoring
System (OGITS) to enhance programming acquisition and online information searching skills, thus
improving students’ ability in web-based problem solving through board games[13].

Jakos et al. used Sloodle software, it was integrated into Learning Management System Moodle
supports assessment of pupil’s progress, assessing student’s learning progress[14].

Chaudy et al. presents an assessment engine designed to separate a game and its assessment[15].
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Fig.1: The methods of evaluating educational games
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Fig.2: Types of technical evaluation methods

It can be seen from the above that there are few papers that use the framework as the basis for
evaluation in the past five years; the choice of models is diverse, and the evaluation dimensions are
also different. Most papers have adopted a more novel approach.

Almost all papers use traditional evaluation methods. Even if some papers mainly user emerging
technologies to evaluate educational games, they will use traditional evaluation methods as
supplementary or auxiliary evaluation methods.

From this we can fine that the methods used for evaluation are selected according to the
dimensions of the literature to be evaluated. Even if it is the same evaluation dimension, the
evaluation methods that can be used are various.

3.2 What Methods are Used to Collect and Analyze Data?

Most papers use questionnaires based on the model proposed in 3.1, for example: Duh et al. used
a questionnaire with adopted statements according to intrinsic motivation model( IMM >method, and
another questionnaire with adopted according to TAM methods[9]. Mavridis et al. used used the
Attitudes Toward Mathematics Inventory (ATMI) questionnaire that was in the form of a five-point
Likert scale[16].

There are also some questionnaires designed by researchers that are not model-based. Kiili and
Ketamo used the flow experience and the test anxiety questionnaire, after completing game-based
testing, the players were instructed to fill the playability questionnaire[17]. Cheng, Lin, She and
Kuo used Game Immersive Questionnaire that was developed on the basis of the immersion theory
proposed by Brown and Cairns[18]. Hooshyar, D., et al. used a Likert scale consisting of 15 items
was used. It was developed based on scale literature used to evaluate adaptive and intelligent online
education environments[13].

There are some more novel methods. Giannakoulas and Xinogalos used a game-activities
worksheet[19]. Hulse, T., et al. used the pre- and post- study worksheets to collect student scores
and student data log files that interact with the game[12]. Chaudy, Y. and T. Connolly used a
Learning Analysis dashboard in EngAGe to collect student’s data[15].

Some researchers use multiple data collection methods in their research. Ke used used math
knowledge and mental rotation tests, video-and screen-capture of game play behaviors, infield
observation, as well as the game log file[11]. Yeni and Cagiltay used three instruments to collect
data: RETAIN rubric, GameFlow criteria and an interview schedule[6].
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Of the 14 selected papers, 8(71.4%) papers used questionnaires and the questionnaire was in the
form of Likert scale, 2(14.3%) papers used tests, 5(35.7%) papers used interviews, 2(14.3%) papers
used game log files and 1(7.1%) used observation methods, as shown in Figure 3.
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Fig.3: The methods of collect data

It can be seen that in the past five years, the questionnaire is still the most used data collection
method. The usage rate of interviews as qualitative data is also very high. With the development of
technology, some new methods of data collection have emerged.

When collecting data, most papers uses quantitative and qualitative methods.

In the 14 papers, a total of 12 papers used quantitative methods, 5 papers used qualitative
methods, and 5 papers used both quantitative and qualitative methods. There are three papers using
the scale as a data collection tool: Seven-point Likert scale, six-point Likert scale and temporal
attentive observation scale. And others use questionnaires as a way of quantitative evaluation.

It is worth mentioning that, as mentioned in 3.1, the educational game log files can be used as a
new way of evaluation, so the data collection about the educational game log files should also be
taken seriously.

Regarding the method of data analysis, 6(42.9%) out of papers used descriptive statistical
analysis, 3(21.4%) papers used independent sample t-test, 1(7.1%) paper used exploratory factor
analysis, 1(7.1%) paper used regression analysis , 3(21.4%) papers used covariance analysis, 1
(7.1%) paper used multivariate covariance analysis, 2(14.3%) papers used variance analysis,
2(14.3%) papers used correlation analysis, 1(7.1%) paper used comparative analysis, and one paper
used cluster analysis, as shown in Figure 4.
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Fig.4: The methods of analyzing data

Regarding the tools used for data analysis, three papers used spss. One paper used Microsoft
Excel (2016) and the “R” software environment. One paper used R packages Ez and corrplot. Other
papers do not specify what tools are used to analyze the data. Regarding the methods of data
analysis, all papers use the method of parameter statistics without exception.

4. Discussion
4.1 Discussion on Emerging Technologies and Traditional Evaluation Methods

We think the ultimate goal of the evaluation of educational games should still be how to improve
students’ academic performance and their personalized development better. It will be a great
progress to make better use of technology to evaluate educational games.

In the selected 14 papers, a total of 4 papers use four models: TAM model, RETAIN model,
GameFlow model, MCDM model[6][19]; one of paper uses the framework: TPACK framework;
two papers use the game log files, one paper uses Bayesian Intelligent Tutoring System, one uses an
evaluation engine: EngAGe[15]. And we found that papers that evaluate emotions, attitudes, and
skills use more emerging technologies, but if it is relatively simple to want to explore the impact on
performance, there are very few technical requirements.

Regarding the method of game evaluation, we divide it into two categories in this review,
namely traditional evaluation methods and emerging technology evaluation methods.

We can see that although the technology is so advanced in today’s era, the technology we can
use in educational games is still limited. Even if there are many excellent technologies, such as
Bayesian network, but most primary and secondary schools still use the traditional evaluation
method in application, because the traditional evaluation method has been used for many years and
has been developed for many years, and it is more mature. For new technologies, stealth evaluation
has also received much attention in recent years. Opening the black box of the game is undoubtedly
a major breakthrough in game evaluation in recent years. The evidence-based evaluation design
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principles have also attracted more and more scholars’ attention. However, some emerging
technologies are still in the experimental stage, and because of the higher technical requirements,
fewer teachers can achieve this. From this point of view, the traditional evaluation method has
limited depth of evaluation, and some emerging technologies can supplement it. Therefore, we can
see that the evaluation methods of emerging technologies are not completely separated from the
traditional evaluation methods. The papers that use emerging technologies as evaluation methods
also use the traditional evaluation methods.

The traditional evaluation method is mainly based on quantitative, qualitative supplemented.
Mainly using questionnaire or semi-structured questionnaires, but there is a huge risk that in the
process of filling out the questionnaire, how do we ensure the accuracy and objectivity of the
students’ answer?Attfield believes that when the questionnaire is inaccurate, it is shallow and prone
to a halo effect. But the corresponding technology can ensure the accuracy and objectivity of the
data we collect to a certain extent. For example, collecting data from student log files through the
data set recording system is relatively objective and accurate. Because the traditional evaluation
method only collects the data that before and after the game, and using the student log files can
record the student’s operation behavior during the game very accurately, and can lay a solid
foundation for the subsequent data analysis.

4.2 Discussion on Data Collection Methods and Data Analysis

It is crucial that collecting and analyzing in the process of evaluating educational games, In the
14 selected papers, most of the data were collected using quantitative and qualitative methods.
Qualitative data is mainly to supplement quantitative data. Quantitative methods focus on
questionnaires, while qualitative methods use interviews. The questionnaires are divided into
structured questionnaires, semi-structured questionnaires and open questionnaires. The
questionnaires are almost all in the form of Likert scale, which is convenient for statistics and data
calculation. Although the forms of these questionnaires are similar, due to the different models used
in the design of the questionnaires, these questionnaires are highly targeted and difficult to
generalize to other papers. Questionnaires are well accepted for measuring diverse factors, such as
motivation or user experience. However, Ross believes that although their use may affect the
measurement of learning effectiveness, sometimes the questionnaire is sometimes biased and
untrustworthy.The design of a non-intrusive evaluation method using self-assessment may lead to
results with low validity, if data is collected via ad-hoc questionnaires or interviews. A compromise
may be the development of standardized questionnaires increasing the validity and reliability of the
data being collected.

Testing is also one of the methods for collecting quantitative data, which is usually evaluated
based on the student’s pre- and post-test results(scores). However, there are some studies that do not
have strict pre- and post-test, but only issue questionnaires to investigate after the game.

In addition, some papers have made greater innovations in collecting data. We mentioned in
Section 4.1 that there are some papers that game log files can provide innovative ways for game
evaluation. Therefore, in terms of data collection, the method adopted by some papers is mainly
based on game log files.

The methods of data analysis used in the selected papers are very extensive. The methods of data
analysis also need to be determined according to research, but according to the results in 3.2, we can
find that the most used is descriptive statistics. This means that descriptive statistics is a basic data
analysis method. Most of the papers mainly calculates the means and standard deviation of the
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collected data. According to Lord paradox, the results of statistical analysis may depend on the
specific methods used, so the results of data analysis may not be unique.

Regarding the tools used for data analysis, only three papers emphasize the use of spss as a tool
for data analysis. Some papers do not describe which data analysis tool is used, but only give
specific methods for data analysis, such as independent sample t test, analysis of variance. In
addition, as mentioned in 4.1, in addition to the traditional questionnaire survey and structured
interviews, the collected data can also be collected for the data in the game, that is, the game log
files, which is used as the collection of aluminum data in the game. The ordinary questionnaire is
just data collection before and after the game.

5. Conclusion

In this article, we briefly describe how to systematically evaluate the state of educational games
over the past five years based on three English databases. The purpose of this study:(1) explore the
evaluation methods used in the selected papers, (2) the methods of data collection and data analysis,
(3) summarize and analyze the selected paper, and explore the prospect of educational game
evaluation. We identified 14 papers describing different methods of evaluating educational games.
Most of them are models rather than comprehensive evaluation methods, which indicates a lack of
support in how to conduct such evaluations. The methods encountered are also very different in
terms of the dimensions of assessment. In addition to evaluating learning effects, they also consider
emotions, motivations, etc., which indicates that there is no pattern of factor to be evaluated. In
addition, in the preliminary work of this paper review, we found that there are very few game
evaluation related methodologies for guidance, most of which are directly developed or designed
for application. Since the evaluation methods is determined according to different evaluation
dimensions, and the purpose of the evaluation is mainly to test whether students achieve the
learning goal or master a certain skill, we can discuss the different evaluation methods of games
used for different purpose based on the classification of Bloom’s learning goal.

Actually, using games to educate is not a new concept. Learning through play got completely
new dimension. There are many researchers who believe that when use intentionally and
appropriately, new technologies can provide an extensive scaffolding of learning.

In the process of summarizing and analyzing the selected papers, we found that most of the
papers developed for different evaluation factors and the measurement tools are more targeted, so
they have weak scalability. In addition, there are many papers that also provide some other
technical evaluation methods, such as: An EEG-based methodology for assessing user’s confusion
in an educational game[20]. Some use scales developed, but because the papers requirements of this
review are for K-12 students, some papers are not taken into account, but can we use them for
reference? This is also a problem of future research [21,22].
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