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Abstract—There have been lots of studies using traditional concept assess-
ment to measure student’s learning achievement. This study adding game ele-
ments in concept assessment try to measure student’s learning achievement, and
compare this result with traditional concept assessment to see what’s the differ-
ence between traditional concept assessment and adding game element in con-
cept assessment. Traditional concept assessment using SPRT method in multi-
ple-choice to measure student’s concept mastery, our study using the same
method and present this method in concept game so that student won’t feel bor-
ing and tiring during this assessment. Our study observe each student’s feed-
back and their concept mastery by using game element to display concept as-
sessment, and analyze is using concept game assessment can shorten student’s
test time and improve student learning concept knowledge after assessment, the
result shows that when student using concept game assessment they can know
their concept mastery immediately by seeing process bar present as their life so
the test time will be shorten, and student’s concept knowledge was improved af-
ter concept game assessment. Student’s feedback shows that they prefer concept
game assessment because they can measure their concept mastery during the
concept game assessment; this study shows that adding game element in con-
cept assessment can improve student’s concept mastery and shorten the test
time student took.

Keywords—Concept assessment, concept game assessment, SPRT, concept
mastery.

1. Introduction

Traditional teaching mainly uses tests to understand students’ learning condition.
Therefore, when there are too many test questions or too many tests, students will be
fed up with tests and their learning motivation will decrease. If some interesting ele-
ments are added to tests, students’ learning condition can be measured and they may
become more interested in courses and more diligent in learning.
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Many studies have verified that game-based learning can increase students’ learn-
ing motivation [1] [2] [8]. The addition of game situations to teaching materials ena-
bles students to learn in fun ways and further increase their learning motivation.
Moreover, test results can be used to understand the effectiveness of students’ use of
game-based learning. Compared with the teaching tests in traditional teaching where
tests are used to test students’ learning progress and students certainly will prepare for
them in advance, game-based teaching uses the same approach to test students’ learn-
ing progress. However, this study intends to investigate whether it is possible to test
students in a more relaxed manner without informing them of tests in advance and
whether students can reflect their learning effectiveness of the concepts of chapters
during the tests.

Traditional tests still are required to be used to test learning effectiveness in some
of the game-based learning. Therefore, this study proposed the test of game-based
concept map to enable students to maintain their motivation to use the test during the
test of course concept without experiencing learning fatigue due to high frequency of
tests. This study designed a game-based concept map test system to enable students to
reflect their learning in a game-based manner during the use of concept test, as well as
to enable them to fully reflect their learning condition after operation. Moreover, this
study also compared the game-based concept map test with general traditional concept
map test.

2. Literature Review

2.1. Game-based learning

Due to the gradual development of computer games, it has become a trend to add
teaching materials to computer games to enable students to further develop learning
interest through their interest in games. Moreover, compared with general traditional
learning, game-based learning can maintain students’ learning motivation because it
enables students to actively participate in game activities. Therefore, a well-designed
game can assist students in learning.

According to relevant studies, the characteristics of game-based learning environ-
ment are as follows [6]:

¢ Integrating course content into games to enable students to understand the
knowledge and content of courses through the games. Compared with the learning
methods of traditional courses, it brings different experiences to learners.

o Learners can solve the difficult problems they encounter through the knowledge
obtained from games, as well as verify whether they can understand or are familiar
with the course content.

e The instant feedback provided by games enables learners to understand whether the
knowledge they obtain is accurate according to the feedback, as well as constantly
revise their answers through the feedback, to further complete their learning.
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The provision of tests or levels of different difficulty levels enables students to per-
form the self-test, as well as to understand their level of understanding of course
knowledge

2.2.  Computer-based testing

Nowadays, with the rapid development of computer-based teaching, some scholars
have investigated the effect of used of computer in teaching tests [10]. The use of
computer in the tests of various fields has become the approach that many scholars
intend to investigate because the use of computer in tests can rapidly obtain the in-
formation on user status.

Some scholars have also discovered that the use of computer not only reduces the
time of tests, but also increases users’ participation motivation [9]. To education and
teaching courses, the use of computer in tests has become a catalyst catalyzing the
transformation of learning types.

It is uncertain whether the effectiveness of the use of computer in tests is the same
as that of the use of written tests. Some people question the effectiveness in certain
courses, such as mathematics, science & technology, language. Some scholars used
biology course to test whether the effectiveness of computer-based test is the same as
that of written test. A study found that the effectiveness of computer-based test is the
same as that of written test [10]. Therefore, the use of computer in tests has become a
gradually practical approach.

2.3.  Concept map test

In addition to the general written tests, other studies have proposed different meas-
urement methods, such as oral report and specific project, as the tests for students’
learning condition. Although oral reports and specific project enable students to de-
velop their own knowledge framework without being restricted by regulations [5], the
knowledge framework reflected by students according to the measurement results are
completely different. Therefore, it is impossible to understand students’ exact learning
condition.

Concept map test has been verified as an effective tool which can assist students in
expressing the knowledge they have learned [3][4]. The use of structural characteris-
tics of concept map enables students to understand their own knowledge level, and
enables teachers to implement remedial teaching according to students’ familiarity of
concept map. For example, concept map system can be used to assist students in Eng-
lish writing training [7], or the knowledge building methods of concept map can be
used to help students improve their ability to tell a story or an event [7].

The concept map included two parts. Part 1 was concept mapping. This part was
teachers’ and experts’ analysis on the concepts covered in courses and the connection
among concepts, as well as the development of corresponding figure of course con-
cepts. Part 2 was the concept map evaluation. This part was to have students take the
tests of various concepts, and teachers could understand students’ familiarity with
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each concept based on their test results. Moreover, they could adjust the courses ac-
cording to students’ learning condition of course concepts [5].

3. Game-Base in Concept Assessment System Design

A scholar has used role-playing to enable students to integrate themselves to teach-
ing game situations in the past study on game-based learning, in order to increase
students’ interest in concepts and learning motivation [1]. Therefore, based on the past
study, this study added game elements to tests to analyze whether game-based concept
map test can more effectively understand students’ familiarity with concepts than
traditional concept map system can, and investigated the influence of game-based
concept map test and traditional concept map test on students, in order to find out the
test method applicable to students.

Firstly, students would log in their accounts through a start page, and their registra-
tion information could be used for testing. The users would be introduced to the game
page to take the concept test game if their accounts and passwords match. The users
would be introduced to the results page when the game of concept of a stage is ended.
The users could see whether they succeeded or failed in the learning of concept.

A. Animation Display Area: The display of ongoing games and animations. This
study used the game of castle guardian. When students answered questions, the
soldiers of the two parties would attack one another.

B. Q&A Interactive Area: When users clicked the attack button, questions would be
generated for them to answer. In addition, animation would be displayed in the
central display area to enable them to understand whether their answer was wrong
or right.

C. Concept Progress Bar: The progress bar would be generated according to the
values input in the SPRT formula when students’ answers were right or wrong to
enable them to understand their current progress (the red denotes the current pro-
gress. When the bar is fully in red, the students succeed in the learning of the con-
cept. When the bar is not in red, the students fail in the concept).

D. Text Message Area: The name of the current concept is displayed here. When
students answered the questions, the corresponding text messages would be dis-
played according to the students’ answers.

E. Game Message Area: This area instructed students whether to attack or not.
Moreover, the messages of success and failure would be displayed when students
succeeded or failed in the learning of concept.

The results page was divided into three major blocks:

a. The success or failure of learning of each concept was displayed through text mes-
sages to enable users to understand whether they succeeded or failed in answering
the question of concept.

b. Results block: the proportion of number of right and wrong answers of users was
displayed. A bar chart was drawn according to the proportion.
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c. Score block: the score of students was displayed. The score of students was calcu-
lated according to the number of right and wrong answers to the questions of con-
cept. The students could refer to their total score of the learning of the current con-
cept according to this score since the score was calculated using the proportion.

After entering the system, the students clicked “Attack.” The animation of soldiers
of the two parties attacking one another would be displayed on the screen. Once the
soldiers attacked one another, the system would randomly select a question of a con-
cept. The soldiers above the screen would keep attacking one another. After the users
clicked “Submit,” the display area would determine the soldiers of which party won
according to the answer (right or wrong) and enable the winning soldiers to move
towards the castle of the losing ones. When the value obtained from the SPRT formu-
la reached specific proportion, the castle would be damaged to a different extent.

The success and failure in the learning of a concept was subject to the damage of
the castle. Because the SPRT calculation cannot determine the result of the learning of
concept under the situation of repeated right and wrong answers, the concept “partial
familiarity” was added in the experiment.

4.  Experimental Procedure

The research subjects were the students taking the course of operating system. A
total of 139 subjects were selected, and they were divided into two classes, class A
and class B. This experiment tested 5 concepts concerning the operating system, in-
cluding brief introduction to operating system, computer system structure, operating
system, processing elements and central processor scheduling. Class A was firstly
tested using the traditional concept map test system, and then was tested using the
game-based concept map test system. Class B was firstly tested using the game-based
concept map test system, and then was tested using the traditional concept map test
system. The experiment mainly investigated the effect of game-based concept test
system on concept testing. The experiment compared the test results of the students
using the two systems as the validity of the system concept test. According to the
experiment results, 96 students completed the experiment, including 43 students in
class A and 53 students in class B.

The experimental procedures were: students used two systems, respectively. Multi-
ple choice questions were used in the system for testing. In the experiment, the same
question back was used in the experiment for the concept test. During the test, the
students used two systems one by one. Because students would engage in impression-
based learning of concepts after using the systems, they would pass the test using
learning memory if there were similar questions. Therefore, this study adjusted the
experiment data according to the post-learning. TABLE | is the set-up of pre-and-post
concept maps. If the previous concept test was a success (S) and the next one was a
failure (F) or partial learning (P), the students’ performance would be regarded as
regress and two different values (2,0)(2,1) would be offered.

The reason why the result of former concept as partial learning (P) and the next one
as a failure (F) was that, partial learning represented that students did not fully under-
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stand the knowledge of the concept. In other words, the system was not sure whether
the students understood the content of the concept. As a result, the value (P) offered to
the students represented partial learning. Failure represented that students were not
familiar with the content of the concept. Therefore, when the students’ former concept
was partial learning and the next one was a “failure,” this study offered them the value
(1,1) for comparison. If the pre-test of the concept was a failure (F) and the post-test
of it was partial learning (P) and the students improved their test result of the concept
from failure to partial learning due to the test learning, this study would also offer
them the value (0,0) for comparison.

Table I. The consistency of the concept results set

First do concept After do concept Condition and encode
S F Regress (2, 0)
S P Regress (2, 1)
F S Progress (2, 2)
P S Progress (2, 2)
F P Fair (0, 0)
S S Fair (1, 1)
F F Fair (0, 0)
P P Fair (1, 1)
P F Fair (1, 1)

5. Result and Discussion

TABLE 1l to TABLE VII are the Pearson’s test on concept 1~5 and the overall
concept. The results showed that, there was a significant correlation between the two
systems, suggesting that the two systems were correlated. Moreover, there was a high
correlation between them, which further showed that the effectiveness of the two
systems was the same.
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Table 1. Concept 1 Pearson Correlation

Concept 1 First Game First Concept
First Game Pearson Correlation 1 .816**
Sig. (two-tailed) .000
N 97 97
First Concept Pearson Correlation .816** 1
Sig. (two-tailed) .000
N 97 97

Table 2. Concept 2 Pearson Correlation

Concept 2 First Game First Concept
First Game Pearson Correlation 1 .812**
Sig. (two-tailed) .000
N 97 97
First Concept Pearson Correlation .812** 1
Sig. (two-tailed) .000
N 97 97

Table 3. Concept 3 Pearson Correlation

Concept 3 First Game First Concept
First Game Pearson Correlation 1 .827**
Sig. (two-tailed) .000
N 97 97
First Concept Pearson Correlation .827** 1
Sig. (two-tailed) .000
N 97 97

Table 4. Concept 4 Pearson Correlation

Concept 4 First Game First Concept
First Game Pearson Correlation 1 .903**
Sig. (two-tailed) .000
N 97 97
First Concept Pearson Correlation .903** 1
Sig. (two-tailed) .000
N 97 97

Table 5. Concept 5 Pearson Correlation

Concept 5 First Game First Concept
First Game Pearson Correlation 1 .882**
Sig. (two-tailed) .000
N 97 97
First Concept Pearson Correlation .882** 1
Sig. (two-tailed) .000
N 97 97
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Table 6. Concept 1 to Concept 5 Pearson Correlation

Concept 1 to Concept 5 First Game First Concept
First Game Pearson Correlation 1 .856**
Sig. (two-tailed) .000
N 485 485
First Concept Pearson Correlation .856** 1
Sig. (two-tailed) .000
N 485 485

The experiment found that, because the students used the traditional concept map
test and game-based concept map test to take their tests of concepts, they might
learned from the former test system, which led to the fact that the students could learn
the concepts through system and complete the answers when the questions of con-
cepts were displayed. Therefore, this study classified the data, and performed the
analysis on the correlation among data. There was a high correlation among data,
suggesting that the effectiveness of the two systems was the same.

There was a significant correlation between the two systems. This study added
game elements to the tests of concepts. During the use of systems, students did not
suggest that they were taking the tests of concepts. The students would learn concepts
based on the questions of the tests when answering to the questions. Because this
study enabled the students to use two systems one by one, the effectiveness of the test
of concepts of students was better if they used game-based concept test first and then
use traditional concept test.

TABLE VIII to TABLE IX are the ratios of progress and regress of class A and
class B. Class A firstly used the traditional concept map to take the test, and then used
game-based concept map to take the test. According to TABLE VIII, this study found
that students’ understanding of game-based concept map test was slightly improved
after using the traditional concept map system. However, the progress was not signifi-
cant. Therefore, the traditional concept map test system only had the effect of testing
the learning effectiveness of concepts and could not improve students’ familiarity
with concepts.

On the contrary, class B used the game-based concept map test first, and then used
the traditional concept map test. The results showed that, the learning of concepts was
improved in the data of traditional concept map test after the students used the game-
based concept map to take the test of their learning. Therefore, after using the game-
based concept map test system, students learned the knowledge of concept through the
game process and further improved their familiarity with concepts to “progress.”

TABLE X is the ratios of progress and regress of students’ overall concept. The
progress ratio of the overall familiarity with concept 1 was 6.2%, while the regress
ratio of learning was 6.1%. The reason why the progress ratio was slightly larger than
the regress ratio was that students could learn concepts through game-based map test.
The overall familiarity of concept 2 improved by 11.34%. This study found that after
using the two systems to take tests, the students’ score of the system used later (tradi-
tional concept map test) improved due to the learning of concepts. The overall pro-
gress ratio was 10.51%, and the regress ratio was 8.57%, suggesting that game-based
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concept map test enabled students to better understand the learning of concepts. This
study regarded progress as students’ progress due to the learning of concept, and re-
garded regress as the situation caused by the students’ condition or environmental
factors. Therefore, the use of systems, first or later, would lead to students’ learning of

concept.

Table 7. A Progress and Regress

Progress % Regress %
Concept 1 0% 11.6%
Concept 2 4.6% 16.27%
Concept 3 16.27% 11.62%
Concept 4 2.3% 9.3%
Concept 5 7% 6.97%
Total 6% 11.16%

Table 8. Class B Progress and Regress

Progress % Regress %
Concept 1 11.32% 1.88%
Concept 2 15.09% 5.66%
Concept 3 11.32% 20.75%
Concept 4 15.09% 3.77%
Concept 5 13.20% 1.88%
Total 13.20% 6.79%

Table 9. Total Progress and Regress

Progress % Regress %
Concept 1 6.18% 6.12%
Concept 2 11.34% 10.2%
Concept 3 14.43% 16.33%
Concept 4 10.30% 6.12%
Concept 5 10.30% 4.08%
Total 10.51% 8.57%

Compared with the traditional concept map test, the game-based concept map test
displayed the success or failure of learning of concepts and progress of learning in a
graphical manner. Therefore, students could better understand the changes in values
and whether they were going to learn the concepts. The tests of concepts could hence
be speeded up. However, on the other hand, because SRPT formula calculates famili-
arity according to the number of right and wrong answers, the progress ratio of stu-
dents would significantly decrease when they carelessly completed the wrong an-
swers. The students were confused with this phenomenon. Because traditional concept
map test displayed values and students were less sensitive to values than to images,
students would experience emotional changes according to the increase or decrease in
the progress bar, which further affected their speed of tests.
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The results of the questionnaire showed that the mean of the two questionnaires
was close and homogeneous (TABLE XI). However, there was no significant correla-
tion between them. The students’ motivation to use the two systems was the same.

Table I1. the mean of the two questionnaires

No. Subject Traditional | Game
1 |Using the traditional concept map test (game-based concept map test) let me 4.81 4.86
know more about the course content.
2 |After using the traditional concept map test (game-based concept map test), 4.96 5.00
you will understand the concept content that you are not enough.
3 |l feel very happy using the traditional concept map test (game-based concept 4.43 4.47
map test).
4 |The subject description is very complete in the traditional concept map test 4.38 4.72
(game-based concept map test).
5 [Through the traditional concept map test (game-based concept map test), | 4.58 4.76
feel that the course will not be too boring.
6 |l am satisfied with the graphical interface in the traditional concept map test 44 4.35
(game-based concept map test).
7 |l am satisfied with the interactive way of the traditional concept map test 4,54 4.39
(game-based concept map test).
8 |[Traditional concept map test (game-based concept map test) makes me feel 4.78 4.68
easy to use.
9 | will promote the traditional concept map test (game-based concept map test) 45 4.54
to other students.
10 |l like the traditional concept map test (game-based concept map test). 4.56 45
11 |Using traditional concept map test (game-based concept map test) makes me 4.45 4.66
curious about the course content.
12 |Using traditional concept map test (game-based concept map test) | feel very 4.68 4.72
helpful to me.
13 |Compared to the general paper test, | prefer to use the traditional concept map 4.81 4.62
test (game-based concept map test) to measure.
14 |l won't be bored with traditional concept map test (game-based concept map 4.78 4.63
test)
15 (I will strengthen my study when | use the traditional concept map test (game- 4.88 4.93
based concept map test) to learn the concept familiarity.
16 |Using the traditional concept map test (game-based concept map test), | feel 3.87 4.02
that my heart beats very quickly.
17 |l am annoyed when using traditional concept map test (game-based concept 4.13 4.13
map test).

During the interviews, some students mentioned that the speed of animation dis-
play would affect their motivation to use the system. For example, some students
suggested that the animation display was too slow, and it took a lot of time to wait for
soldiers to walk to the castle or attack one another in the middle. They could know the
results of the traditional concept map test right after they completed the answers.
However, some students suggested that the animation was interesting, and they liked
this type of test methods. They could succeed in the learning of concepts by damaging
the rival’s castle. Compare with general traditional concept map test system, students
preferred using game-based concept map test system. The feedback from the ques-
tionnaire showed that, more than half of the students liked game-based concept map
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test, 1/3 of them suggested that the traditional concept test was better and other 17
students did not have any opinion. Moreover, some students mentioned that the imag-
es can be simplified. The system page with too many images made it hard to read the
questions.

6. Conclusion

The main purposes of this study are to use game-based approach to test concepts,
to investigate whether the addition of game elements to tests of concepts can speed up
the effect of tests and to improve students’ familiarity with concepts after the tests.
According to the experiment results, after using game-based concept map test system,
students’ familiarity with concepts was improved. Moreover, the instant display of
students’ current progress of learning of concepts enabled them to understand their
familiarity with concepts in a timely manner. Therefore, students would not lose pa-
tience or motivation due to excessive number of questions during the test or the ex-
cessively frequent tests. According to the research findings, after using game-based
concept map test, students’ familiarity with concepts was improved. Therefore, if
uncertain factors are added to the system and images are updated, students’ motiva-
tion to use the system may be better maintained and their familiarity with concepts
may be improved. For example, if students can use different functions after giving a
certain number of right answers, their interest in the system will be increased and they
will be more absorbed in games. Eventually, students’ learning motivation will be
further increased according to the results of the game-based concept map test. Com-
pared to the general traditional concept map test, students’ learning enthusiasm will be
higher.

Moreover, if the effectiveness of learning of concepts can be reflected in scores,
students can also better grasp their own familiarity with concepts. The experiment
found that students’ response to scores was stronger. If such type of test can be used
to enable students to understand their level of understanding according to the tests,
there is no need to perform more tests on students’ learning progress of courses. It is
believed that education can have more diversified effects.
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