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Technology has flourished, and diverse teaching techniques have emerged such as eBooks, massive open online courses,
and gamification. Accordingly, technologies continue to provide a revolutionary improvement on traditional learning
environments. The pedagogic trend is becoming “‘student-centered”’. Problem-based learning (PBL) is the use of problems
to motivate learners to apply research concepts and thinking strategies. Gamification provides the learners to actively learn
through gamified mechanisms. This study focuses on PBL and gamification to enhance students’ engagement in learning
computer science. We developed a computer science learning system (CSLS) comprising three subjects: database
management, programming, and data structure. Each subject has problem-solving mini games for students to accomplish
tasks using relevant concepts. Results reveal that learners have a 95% probability of obtaining above-average user
satisfaction, which suggests that the CSLS can be a good vehicle for cultivating the relevant computer science concepts.
Participants’ technology acceptance and their cognitive load when using the system are also determined in the experiment,
with the aim of examining learners’ perception while using the CSLS. Further, gamification has indicated a positive effect

on students’ learning performance and cognition for learning computer science.
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1. Introduction

Programming, data structure, and database man-
agement are the fundamental courses in most engi-
neering colleges. Engineering students require a
good fundamental knowledge of computer science,
and engaging students in this topic is elemental to
enhance their learning. Gamification is a pedagogi-
cal innovation of incorporating game elements into
non-gaming content to maximize user experience
and engagement with the topic [1]. Education
researchers have demonstrated the value and
impact of gamification for engaging students in
learning activities [2, 3]. Problem-based learning
(PBL) is a student-centered pedagogy wherein stu-
dents learn through the facilitated experience of
problem solving [4, 5]. This study aims to engage
students and alleviate their cognition load while
learning computer science. Therefore, we developed
a gamified computer science learning system (CSLS)
that has a series of problem solving games. The
study addresses the following research questions:

1. What are students’ perceptions toward the
gamified instruction when they are learning
computer science concepts?

2.  Whatis the students’ cognition load toward the
gamified instruction when they are learning
computer science concepts?

3. Is the performance of the gamified instruction
effective for students’ computer science learn-
ing?

* Accepted 1 September 2015.

2. Related work

Gamification is considered an educational innova-
tion trend in higher education [6]. Recently, the
gamification of learning has attracted considerable
attention from researchers, and some have claimed
that it has a positive effect on learning emotion [7].
De-Marcos et al. (2014) indicated that games pre-
sent apparent objectives, which are divided into
short-term achievable goals that give a seamless
sense of progression to players by providing fre-
quent rewards acting as external motivators [8].
Rapp reported that gamification efforts could iden-
tify elements of deeper engagement [9]. Students’
engagement in learning activities plays an impor-
tant role in education, and according to some
researchers, it is the core value of teaching [10].
Ibanez et al. (2010) investigated the efficiency of
applying game elements in programming contexts
[11], and results indicated that gamification can
successfully engage most students in learning pro-
gramming language. Gamification has the follow-
ing characteristics [12]: (1) the affordances
implemented in gamification have to be similar to
the ones used in games, regardless of the outcomes
[1]; (2) the role of gamification in invoking similar
psychological experiences as games [13]; and (3)
conceptualizing gamification is related to the
motivational affordances, psychological outcome,
and behavior outcome [13]. Gamification in educa-
tional environments demonstrated educational suc-
cess [8, 11]. Alternatively, problem-based learning
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CSLS consists of three units: Database management, programming,

and data structure

Comguter Progumwing  DstaStructure

Gamification, forss

In CSLS, each subject
has problem-solving mini
games in order for
learners to accomplish
tasks using relevant
concepts.

Fig. 1. The CSLS interface.

(PBL) is a student-centered pedagogy wherein stu-
dents learn through facilitated experience of pro-
blem solving [4, 5]. For engineering education, PBL
offers good educational prospects, and it has been
implemented as a partial strategy for learning
specified knowledge such as engineering [4]. There-
fore, gamification and PBL were employed to
develop the CSLS.

3. Methodology

Database management, programming, and data
structure are three units of the CSLS; each has a
mini problem-solving game (see Fig. 1). Game
scenarios, game thinking, and game mechanics
were employed to describe computer science knowl-
edge. Popular topics, such as the treasure hunter,
were included in the game scenarios to make it
interesting. All the games incorporated tasks that
motivated students to apply their knowledge and
thinking strategies in solving problems, giving them
a deeper conceptual understanding. Figs. 24
demonstrate the CSLS gamification.

(1) Unit 1—"The hungry bear”
A database, stored in various types, is considered a

storage value for data manipulation. In the “The
hungry bear” unit, we used farm as the game
scenario. The barn is the main character, and the
cabinets in the barn represent the database, which
consists of a data table. This scenario demonstrates
that data are catalogs and stored in unique columns
in the data table, just as the honeypot and farm tool
need to be placed on the cabinets. The scenario aims
to teach learners the basic data process and how to
use structured query language (SQL) in processing
data. In the game task, learners are asked to assist
the starving bear to procure the honeypot from the
food in the cabinets using the SQL description (see
Fig. 2).

(2) Unit 2—"“Treasure hunter”

Programming can assist a task by building the
declared function. The scenario of the “Treasure
hunter” is a fox’s treasure hunt. Programming can
build the declared function to process a task, and a
recursive mechanism can be used to handle repeti-
tive tasks. Exploring the treasure represents the
program task, while the key that opens the treasure
house door represents the declared function to
accomplish the task. In this game, learners obtained
clues by solving the programming concept problem.
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Unit 1—“The hungry bear”

The white cabinet
BekE REAR

The foodand farm
toolsarearranged on

the white cabinet.

MR REEHERE, DR
ERYEERNP

The honey pot the bear wantsto eatis
inthe column called “Food.”

The gamificationinstancein
database management

Fig. 2. The gamification instance in database management.

Unit 2—“Treasure hunter”

This scenario demonstrates that
exploring the treasure represents
M| the program task, while the key that
M opens the door of the treasure
house represents the declared
function to accomplish the task.

N

The gamificationinstancein
programming

Fig. 3. The gamification instance programming.

By solving the game task, they can be inspired to
understand the meaning of the function in the
programming statement (see Fig. 3).

(3) Unit 3—"Happy Zoo”

Datastructure is a particular way of organizing data
in a computer for efficient usage; data ordering and
searching are essential in the performance of pro-
gramming. Useful systems with good data struc-
tures can enhance applications and services.
Therefore, designing adaptive, easy-to-understand
data structure concepts is important as this study
proposes. The “Happy Zoo” unit concerns how to

Unit 3—“Happy zoo”

This scenario demonstrates the

@ importance of the searching

| method in data structwre, just as in
animals’ foraging behavior

To ensure thatlearners gainadeep
impression of the BFS concept, we
designed athree-leveltree
structure forthe apesto findand
pick their favorite fruit.

Please helpthe ape
find the mango!

The gamificationinstancein

data structure

Fig. 4. The gamification instance in data structure.

process data in a search method. Animal foraging
behavior and habitual behavior were applied to
demonstrate the importance of the searching
method in data structure. This scenario was used
to search for concepts. Learners were assigned a
game task wherein they were required to assist
animals to find food (see Fig. 4).

4. Experiment

4.1 Participants and the experiment procedure

This study comprised two experiments: (a) a system
performance evaluation and (b) a measurement of
students’ learning achievement. The collected infor-
mation is shown in Table 1. The first experiment is
investigating the performance of gamified instruc-
tion and how it affects learners’ technology accep-
tance and cognition load. Forty-six undergraduate
students (male: 26; female: 20) participated in an
experiment that lasted 120 minutes. Participants’
cognitive load and technology acceptance related to
the proposed gamified system were examined. The
successful information systems evaluating theory
[14] was used to evaluate the system performance.
Fig. 5 illustrates the experimental procedure. All
participants were assigned the same game scenarios
and problem-solving tasks. They received instruc-
tions on the experiment and CSLS before starting
the activities. The CSLS activities comprised three
units: database management, programming, and
data structure. In each unit, participants were
instructed to use the CSLS to learn fundamental
knowledge. After completing the game-based activ-
ity, they were instructed to complete the technology
acceptance and mental effort questionnaires.
Finally, participants were asked to answer the
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Table 1. Study parameters using the CSLS

usefulness” evaluation.

Likert scale.

Variables Description Type

ID Identify sample (N = 46) Numerical

Gender 1 = Male Categorical
0 = Female

Technology acceptance | Technology acceptance consisted of “perceived ease of use” and “perceived Categorical

A total of 13 items in this questionnaire [16], each item determined by a 5-point

Cognitive load
Likert scale.

A total of 8 items in this questionnaire [26], each item determined by a 5-point | Categorical

System performance
evaluation
dimension is rated from 1 to 5.

DeLone & McLean’s IS success model has six dimensions: service quality, system | Categorical
quality, user satisfaction, system use, net benefits, and information quality. Each

1 = Gamified instruction (N = 49).

Game scenario 1 = Database management unit. Categorical
2 = Programming unit.
3 = Data structure unit.
Learning performance It was composed of 9 items with a full score of 100. Numerical
Group 2 = Static instruction (N = 49). Categorical

[ Introducing the experiment and CSLS ]

20 Min.

v
Using CSLS to learn fundamental knowledge:
Unit 1-database management

10 Min.

Taking acceptance of technology and mental load
questionnaires on Unit 1

20 Min.

Unit 2-programming

10 Min.

Taking acceptance of technology and mental load

[ Using CSLS to learn fundamental knowledge:

questionnaires on Unit 2

v

20 Min.

Unit 3-data structure

10 Min.

questionnaires on Unit 3

L2

25 Min.

Taking system performance evaluation

questionnaires

Using CSLS to learn fundamental knowledge: ]

v

5 Min.

Rating the user satisfaction of the proposed system ]

[ Taking acceptance of technology and mental load

Fig. 5. Procedure of the system performance evaluation.

system performance evaluation questionnaire to
measure the system performance.

The second experiment compared the students’
learning performance that hasused gamified instruc-
tion (experimental group) against others who have
used the static instruction (control group) to demon-
strate if its use affects learning outcomes. The
participants were randomly classified into two
groups, with one assigned the static instruction and

the other the CSLS. Both of the instructions were
based on the same content. In total, 98 university
students voluntarily participated in the study with
each group comprising 49 participants (see Fig. 6).
Inthe control group, the participants were guided by
textual and pictorial descriptions to complete the
learning activity, whereas the participants in the
experiment group were guided by animation-based
game interaction (see Fig. 7).
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[ 98 undergraduate students ]
v v
[ Experiment group ] [ Control group
(49 students) (49 students
[ Pretest ] 40 Min.

Using CSLS Using static instruction 20 Min.
Unitl Unitl '

Using CSLS Using static instruction .
ST
Using CSLS Using static instruction .
Unit3 [ Unitl ] 20 Min.
{ Posttest ] 40 Min.

Fig. 6. The procedure for students’ learning achievement measurement.

Control Group

Function Declaration and Function Prototypes

Participants learned the concept of computer

science with the picture and textual
description

Experiment Group

Participants learned the concept of computer
science with gamified instruction.

Fig. 7. Different learning materials used in each group.

4.2 Measuring tools

Park (2009) reported that users’ intention to use
technology is concerned with self-efficacy and tech-
nological complexity [15]. The technology accep-
tance model comprises perceived usefulness and
perceived ease of use that affect individuals’ beliefs,
behaviors, and attitudes toward a software tool.
Davis (1989) claimed that perceived ease of use is
concerned with the belief that using the technology
will be effortless, and perceived usefulness implies
that the user believes the technology will improve
his/her performance. The technology acceptance

model is widely applied in digital learning [16-23],
and previous research revealed that learners’ per-
ceived usefulness and ease of use are critical factors
affecting learners’ perceived satisfaction [24]. Stu-
dents’ perception toward the learning tool is related
to their learning performance [16], satisfaction,
attitude, [15] and learning experiences [25]. Yi and
Hwang, (2003) indicated that the critical factors
related to user acceptance of technology is an
important issue [17].

Accordingly, technology acceptance and cogni-
tive load are also essential measurement factors in



1000

Yu-Hsin Hung et al.

this study. The perception and attitude question-
naire is concerned with learners’ perceptions in
digital resources, and was developed by Chu et al.
(2010) with a reliability coefficient of 0.91. The
present study used this questionnaire to determine
learners’ perceptions about the CSLS after partici-
pating in the experiment. The questionnaire mea-
sures learners’ perceptions in two dimensions:
“perceived usefulness” and “‘perceived ease of
use.” The questionnaire comprised 13 items to
evaluate learners’ perceptions: “I think the pro-
posed system can enrich the content of a learning
activity”” (Q1); “I think using the proposed system is
helpful for me to learn the new knowledge (Q2);
“The guidance provided by the proposed system can
assist the procedure of learning more smoothly”
(Q3); “The proposed system can assist me in obtain-
ing useful information” (Q4); “I had better learning
performance using the proposed system” (QS5);
“Compared with the experience of using other
materials, I think the proposed system is more
efficient’(Q6); ““It is not difficult for me to use the
proposed system” (Q7); “The procedure of using
the proposed system doesn’t need much time” (QS);
“The guidance provided by the proposed system is
easy to understand and follow” (Q9); “The objec-
tive of the proposed system is to aid me better
understand how to identify and classify the features
of the target learning objects” (Q10); “I required a
brief time to completely understand how to use the
proposed system after participating in this learning
activity” (Q11); ““After participating in the learning
activity, using the proposed system is not difficult
forme” (Q12); and “Overall, the proposed system is
easy to use” (Q13). The first six items were used to
measure the “perceived usefulness” and the last
seven to measure the “perceived ease of use.”

The cognitive load questionnaire was modified by
Sung et al. (2013) [26] on the basis of the cognitive
load measures proposed by Paas et al. (1992) [27]
and Sweller et al. (1998) [28]. The cognitive load
questionnaire concerned students’ perspective
regarding emotional cognition in the learning activ-
ity. This study used the cognitive load questionnaire
as a research tool to measure learners’ mental load
when using the proposed system. The cognitive load
questionnaire consisted of 8 items: “The content of
the learning activity is difficult for me” (Q1); “I
spend much effort to answer the questions of the
learning activity (Q2); “Answering the question in
the learning activity is tiring (Q3); “Answering the
question in the learning activity is frustrating” (Q4);
“I didn’t have enough time to answer the questions
of the learning activity” (Q5); “The explanations in
the learning activity cause stress for me”’(Q6); “To
accomplish the learning activity, it took much effort
for me” (Q7); and “The explanation of the learning

activity is hard for me to understand” (QS8). The first
five items were used to measure the mental load and
the last three to measure the mental effort.

Furthermore, the CSLS performance evaluation,
onthebasisof DeLone & McLean’s IS success model
[14], included the following six dimensions: infor-
mation quality, system quality, service quality,
system use, user satisfaction, and net benefits. Parti-
cipants were instructed to rate each dimension of the
proposed system. The model includes a specific
evaluation factor ranging from “development” to
“improvement;” thus, the evaluation dimension
consists of user enjoyment, and utilization of quality
to service and system performance [29].

5. Results

5.1 Technology acceptance toward using the
gamified instruction in computer science learning
activities

The instructional design is related to learners’
technology acceptance. In this study, participants’
technology acceptance was measured after they
finished the learning activities. Technology accep-
tance is separately discussed with “perceived useful-
ness” and “perceived ease of use.” We examined the
significance of each item. Response options ranged
from “strongly disagree” (1 point) to ‘“‘strongly
agree” (5 points).

(1) Database management

Software was applied to teach database manage-
ment [30]; digital learning instruction is essential for
learning database knowledge. Students’ perception
toward technology may affect their learning
achievement. Compared with programming and
data structure learning activities, the “perceived
ease of use” obtained a higher evaluation from
participants. The complex concept of database
management illustrated with gamified material
may allow students to perceive that the learning
material is easy to use. The results (see Table 2)
indicate that t-values were significant in Q1-13 (p <
0.05). The t-test results demonstrate that there were
significant high scores in “perceived usefulness”
(Mean = 4.01) and “perceived ease of use” (Mean
= 4.38). In the database management learning
activity, participants have a high evaluation, parti-
cularly for the proposed system use and its ease.
From the “‘ease of use” perspective, the technology
acceptance of database management unit is higher
than that of the other two units.

(2) Programming
Table 3 shows that the t-values were significant for
Q1-13 of this unit. In terms of technology accep-
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Table 2. Results of technology acceptance in database management

Technology acceptance N Mean SD t-value Sig.
“Perceived usefulness”

Ql 3.93 0.68 9.32 0.000
Q2 4.09 0.72 10.17 0.000
Q3 4.15 0.87 9.00 0.000
Q4 3.89 0.90 6.72 0.000
Q5 4.02 0.86 8.09 0.000
Q6 3.98 0.83 8.00 0.000
“Perceived ease of use”

Q7 46 4.39 0.74 12.67 0.000
Q8 4.33 0.70 12.83 0.000
Q9 4.17 0.74 10.77 0.000
Q10 4.33 0.63 14.18 0.000
Q11 441 0.65 14.69 0.000
Q12 4.50 0.59 17.33 0.000
Q13 4.52 0.55 18.86 0.000

p <0.05.

tance, the mean values were 3.86 for “perceived
usefulness’ and 3.76 for “perceived ease of use.”
The results demonstrate participants’ confidence
that the guidance provided by the proposed
system was an efficient learning procedure (3.89;
Q3) and was easily understood in learning program-
ming (3.87; Q10). Programming education received
considerable attention, especially the use of learning
instructions. Participants’ perception toward using
instruction may influence their learning achieve-
ment.

(3) Data structure

Table 4 results indicate that each item of this unit
obtained a high technology acceptance (p < 0.05).
The t-test results show that there were significant

Table 3. Results of technology acceptance in programming learning

high scores in “perceived usefulness” (Mean = 4.07)
and “perceived ease of use” (Mean = 4.24). From
the “useful” perspective, the technology acceptance
of data structure learning is higher than that of the
other two units. Illustrating data structure concepts
using gamified material helps students understand
the concepts more efficiently.

To summarize, participants had a 95% probabil-
ity of obtaining above-average technology accep-
tance using the CSLS. The use of gamification can
improve user experience and user engagement [31];
thus, gamification has a positive effect on technol-
ogy acceptance in the learning activity. Papaster-
giou’s[32] finding showed that the gaming approach
was more effective and motivational for promoting
students’ knowledge of computer memory concepts

Technology acceptance N Mean SD t-value Sig.
“Perceived usefulness”

Ql 391 0.78 7.90 0.000
Q2 391 0.86 7.16 0.000
Q3 3.89 0.95 6.38 0.000
Q4 3.76 0.74 7.01 0.000
Q5 3.85 1.01 5.69 0.000
Q6 3.83 0.88 6.39 0.000
“Perceived ease of use.” 46

Q7 3.76 0.97 5.32 0.000
Q8 3.67 1.03 4.42 0.000
Q9 3.67 1.12 4.09 0.000
Q10 3.87 0.96 6.16 0.000
Qll 3.83 1.00 5.63 0.000
Ql12 3.72 1.07 4.56 0.000
Q13 3.78 0.96 5.51 0.000

p <0.05.
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Table 4. Results of technology acceptance in data structure learning

Technology acceptance N Mean SD t-value Sig.
“Perceived usefulness”

Ql 4.04 0.82 8.68 0.000
Q2 4.04 0.92 7.71 0.000
Q3 4.20 0.86 9.44 0.000
Q4 3.98 0.83 8.00 0.000
Q5 4.13 0.88 8.67 0.000
Q6 4.04 0.89 7.92 0.000
“Perceived ease of use” 46

Q7 4.30 0.73 12.18 0.000
Q8 4.20 0.81 10.06 0.000
Q9 4.20 0.69 11.80 0.000
Q10 4.24 0.77 10.98 0.000
Q11 4.20 0.81 10.06 0.000
Q12 4.22 0.70 11.86 0.000
Q13 4.30 0.79 11.27 0.000

»<0.05.

than the non-gaming approach. Liu et al. (2010)
demonstrated that perceived ease of use had a
significant influence on the intention to use the
system [33]. Some studies indicated that the higher
learners’ perceived usefulness and ease of useled to a
more positive effect on learning attitudes, learning
experiences, and satisfaction [25]. In this study, the
CSLS has good technology acceptance by the users
(means = 4.04).

5.2 Cognitive load when using the gamified
instruction in computer science learning activities

The instructional design is related to learners’
cognitive load. Participants’ cognitive load was
measured after completing the learning activities.
Cognitive load is discussed separately with mental
load and effort. We examined the significance of
each item. Response options ranged from “‘strongly
disagree” (1 point) to “strongly agree” (5 points).

(1) Database management
Students’ cognition load when using the gamified

Table 5. Results of cognitive load on the database management unit

instruction was significantly low. Lower scores
were found in mental load for Q1 (t = -7.33), Q2
(t =-8.01), Q3 (t = -8.28), Q4 (t = -9.89), and Q5
(t = -8.78) and mental effort for Q6 (t = -8.51), Q7
(t=-7.40), and Q8 (t =-9.73). The results indicated
that the participants had a 95% probability of
experiencing low mental effort in gamified database
management learning (see Table 5). In the database
management learning activity, participants per-
ceived answering in the learning activity as less
frustrating.

(2) Programming

Cognitive load may be an influential factor in
learning programming [34]. Table 6 demonstrates
students’ cognition load when using the gamified
instruction. Lower scores were found in mental load
for Q1 (t=-5.62),Q2 (t=-7.57,), Q3 (t=-5.05), Q4
(t=-7.73), and Q5 (t = —6.67) and mental effort for
Q6 (t=-7.10), Q7 (t =-4.60), and Q8 (t =-7.07). In
the programming unit, participants’ cognition load
was quite below the average scale. These results are

Cognitive load N Mean SD t-value Sig.
Mental load

Ql 1.87 1.05 -7.33 0.000
Q2 1.87 0.96 -8.01 0.000
Q3 1.76 1.02 -8.28 0.000
Q4 46 1.65 0.92 -9.89 0.000
Q5 1.78 0.94 -8.78 0.000
Mental effort

Q6 1.85 0.92 -8.51 0.000
Q7 1.89 1.02 -7.40 0.000
Q8 1.80 0.83 -9.73 0.000

p <0.05.
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Table 6. Results of cognitive load on the programming unit

Cognitive load N Mean SD t-value Sig.
Mental Load

Ql 2.04 1.15 -5.62 0.000
Q2 1.89 0.99 -1.57 0.000
Q3 2.11 1.20 -5.05 0.000
Q4 46 1.85 1.01 -7.73 0.000
Q5 1.93 1.08 —6.67 0.000
Mental effort

Q6 1.89 1.06 -7.10 0.000
Q7 222 1.15 —4.60 0.000
Q8 2.04 0.92 -7.07 0.000

p <0.05.

similar to those of the database management unit,
and most participants in the programming activity
also perceived that answering the question in the
learning activity was less frustrating for them.
Programming anxiety, such as a mistaken assess-
ment of their ability to learn computer program-
ming, can be a negative effect on the activation
process [35]. Results reveal that gamified material
can assist learners in obtaining a relevant under-
standing of programming and that they had less
cognitive load for the mental load and mental effort.

(3) Data structure
Table 7 shows students’ cognition load when using

the gamified instruction. Lower scores were found
in mental load for Q1 (t =-6.43), Q2 (t=-7.42,), Q3

Table 7. Results of cognitive load on the data structure unit

(t = -7.65), Q4 (t = -8.56), and Q5 (t = -9.35) and
mental effort for Q6 (t =-9.20), Q7 (t =-9.16), and
Q8 (t = —10.78). Participants’ cognition load was
quite below the average scale. Some studies reported
that visual display aids to reduce cognitive load [36,
37]. In the data structure learning activity, partici-
pants obtained a lower cognitive load than that of
the programming and database management units.

5.3 System performance evaluation

System efficiency was measured after participants
finished the learning activities. We examined the
significance of each dimension of the IS success
model. Each dimension was rated from 1 point to
5 points. Table 8-10 demonstrates the results of the
system evaluation based on the IS success model on

Cognitive load N Mean SD t-value Sig.
Mental load
Ql 1.93 1.12 —6.43 0.000
Q2 1.85 1.05 -7.42 0.000
Q3 1.76 1.10 -7.65 0.000
Q4 46 1.74 1.00 -8.56 0.000
Q5 1.76 0.90 -9.35 0.000
Mental effort
Q6 1.74 0.93 -9.20 0.000
Q7 1.80 0.88 -9.16 0.000
Q8 1.72 0.81 -10.78 0.000
p <0.05.

Table 8. T-test results of system efficiency on database management unit

DeLone & McLean IS success model N Mean SD t-value Sig.

system quality 3.72 0.72 6.76 0.000
information quality 3.83 0.80 7.03 0.000
system use 46 3.91 0.91 6.77 0.000
user satisfaction 3.85 0.84 6.83 0.000
service quality 3.57 0.91 4.21 0.000
net benefits 3.67 0.97 4.73 0.000

p <0.05.
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Table 9. T-test results system efficiency on programming unit

DeLone & McLean IS success model N Mean SD t-value Sig.
system quality 3.48 0.96 3.38 0.002
information quality 3.48 1.01 3.23 0.002
system use 46 3.46 1.11 2.79 0.008
user satisfaction 3.54 1.03 3.59 0.001
service quality 3.59 0.93 4.27 0.000
net benefits 3.67 0.82 5.59 0.000

p <0.05.

Table 10. T-test results of system efficiency on data structure unit
DeLone & McLean IS success model N Mean SD t-value Sig.
system quality 3.83 0.77 7.29 0.000
information quality, 3.87 0.83 7.08 0.000
system use 46 3.83 0.74 7.58 0.000
user satisfaction 3.89 0.85 7.12 0.000
service quality 3.83 0.82 6.79 0.000
net benefits 3.87 0.88 6.67 0.000

p <0.05.

Table 11. Descriptive data and ANCOVA result for the post-test scores

N Means SD Adjust mean | Std. error F value
Post-test Experiment Group 49 77.35 13.15 78.37 1.48 6.93
Control Group 49 73.88 15.04 72.86 1.48
p <0.05.

database management, programming, and data
structure units. In the database management, the
mean of system quality, information quality, system
use, user satisfaction, service quality, and net ben-
efits are 3.72, 3.83, 3.91, 3.85, 3.57, and 3.67,
respectively (see Table 8). The results suggest that
participants were considerably satisfied with the
gamified instruction, especially with its practicality
in database learning. In the programming unit, the
mean of system quality, information quality, system
use, user satisfaction, service quality, and net ben-
efits are 3.48, 3.48, 3.46, 3.54, 3.59, and 3.67,
respectively (see Table 9). In the data structure
unit, the mean of system quality, information qual-
ity, system use, user satisfaction, service quality, and
net benefits are 3.83, 3.87, 3.83, 3.89, 3.83, and 3.87,
respectively (see Table 10).

These results suggest that the CSLS obtained a
significantly high level of evaluation for each dimen-
sion of the IS success model; participants were
satisfied with the functionality of the features pro-
vided by the CSLS. The means of integral satisfac-
tion for database management, programming, and
data structure are 3.76, 3.54, and 3.85, respectively.

5.4 Learning achievements of the students

The pre-test was employed in this study to confirm
that the two groups of students had equivalent basic

knowledge required for taking this particular sub-
ject unit. The pre-test and post-test comprised 9
multiple-choice items with a full score of 100. It
focused on evaluating the students’ knowledge
about database management, programming, and
data structure. An independent t-test was used to
analyze the pretest. The mean and standard devia-
tion of the pretest were 72.44 and 15.05 for the
control group, and 70.31 and 14.16 for the experi-
mental group. As the p-value > 0.05 and t =-1.04, it
can be inferred that these two groups did not
significantly differ prior to the experiment. Table
11 shows the ANCOVA results of the posttest using
the pretest as a covariate; the original means and
standard deviations are also presented. From the
posttest scores, it was found that the students in the
experimental group had significantly better achieve-
ments than those in the control group (F =6.93, p <
0.05).

6. Discussion

Many studies have discussed the efficiency of gami-
fication [12], and some have reported that gamifica-
tion implementations enhance students’ learning
motivation [38-39] and their learning performance
[32, 38]. Recently, students’ cognition using digital
games has begun to attract considerable attention.
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Sung et al. investigated the effect of digital games on
students’ cognition and affection [26]. The present
study showed that gamification benefits cognitive
load and technology acceptance in computer science
education. However, there are a few limitations of
this study. First, the game scenario did not allow for
collaboration.

Collaborative learning is perceived as an effective
vehicle for students to communicate with one
another because they learn together by exploring
questions or creating meaningful projects. Second,
individual presence may influence motivation; the
presentation of the game scenario should therefore
adapt to students’ preferences rather than providing
a fixed expression type. To overcome these pro-
blems, we aim to develop multiplayer games that
can connect social applications (Facebook and
Twitter) with personal scenario mechanisms and
incorporate these into the game, which will allow
the material to adapt to the individual learner in
future projects.

7. Conclusion

In this study, an online gamified learning environ-
ment was developed by integrating PBL concepts.
In addition, this study examined how the proposed
system affected learners’ mental reflection in acquir-
ing computer science knowledge. The results of the
experiment demonstrate that CSLS promotes
acceptance of technology. Furthermore, this study
illustrates reduced cognition load regarding the
proposed game approach on the data structure,
programming, database management unit. Accord-
ing to the results of learning performance, this study
indicated that learners who interacted with CSLS
performed better than learners who did not. Con-
cerning system performance, the CSLS obtained
positive evaluation on the basis of the IS model
consisting of six dimensions: system quality, infor-
mation quality, system use, user satisfaction, service
quality, and net benefits. In summary, the use of the
PBL and gamification to support the computer
science learning activity not only enhanced stu-
dents’ engagement but also improved the learning
achievements of the students in learning computer
science.
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