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Abstract—This research aims to develop a game to teach the theoretical 
concepts of the OSI reference model to students who must learn data communi-
cation and networking as a compulsory or an elective subject . The survey was 
administered to most students at Suan Sunandha Rajabhat University by a ques-
tionnaire to assess a suitable game for students of this generation. The result 
showed that action games are the most popular game for them. Then, a script of 
the OSI reference model was drawn based on the theoretical contents and the 
software design and implementation were performed. After finishing this de-
velopment process, 19 third-year undergraduate students majoring in infor-
mation sciences at Suan Sunandha Rajabhat University tested this system. The 
evaluation process was performed using pretest and posttest data analyzed by a 
paired samples t-test at a 95% confidence level. The result of this study shows 
that the action game ‘Packet Warrior’ is an efficient tool to help students im-
prove their learning capabilities via fun and good relationships with friends.  
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1 Introduction 

Computer networking is the most important subject for undergraduate students ma-
joring in Information and Communication Technology (ICT). Additionally, it is also 
an important elective subject for all non-ICT students in every university. Due to 
continual evolution in computer network technology, both hardware and software 
have been changed so much altered. These changes led to the globalization of the 
Internet, and information has spread omnidirectionally through the Internet. Thus, any 
individuals with mobile devices with Internet access can browse information any-
where anytime as needed. Therefore, knowledge of computer net-working is crucial in 
this digital era. 

Although the fundamental concepts in computer networking are vital, the context 
of these fundamental concepts is also dependent on students’ academic areas. Never-
theless, one major topic that every student must know about the communication net-
work is the networks reference model, namely, the open systems interconnection 
(OSI) reference model. This reference model is the basis of all communication func-
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tions, such as communication protocols. Although the OSI reference model is im-
portant, not many students are excited to study this topic.  

According to [17], a game-based learning module was implemented to stimulate 
students’ interest and understanding in the OSI reference model. The result of this 
game-based learning method indicated that students understood the subject’s content 
much better than they did via traditional teaching methods such as lectures. However, 
in the theoretical part, the lecture is still necessary because it is the simplest way to 
interact with students. Nevertheless, this method impedes some students’ understand-
ing because they perceive the theoretical contents of computer networking as compli-
cated, boring, and difficult to learn [17]. Consequently, many students do not pay 
much attention to theoretical knowledge because they misunderstand that this knowl-
edges is not necessary for application in real life. Nevertheless, whenever a new net-
work technology needs to be implemented and sets the standard, the OSI reference 
model is necessary ([6],[7],[18]). 

Based on the problem defined above, three professional persons in the computer 
network are interviewed: one from the academic area and two from an information 
technology training and consulting services company. The outcomes from these inter-
views are various opinions related to the focusing problem and their suggested solu-
tions. 

Currently, many teaching techniques and various  materials are available over the 
Internet, especially on youtube.com, such as the short film “Warriors of the net” 
(http://www.warriorsofthe.net/)[8], the packet traces simulation software[8], the phys-
ical activity game “Tablets of Stone”[3], the embedded hardware device for learning 
computer network protocols “Serious toys 2”[5], and a casual digital game called 
“Packet Attack”[8]. Although there are many alternatives, there is little evidences to 
indicate that the learning problems of students regarding the theoretical contents of 
computer networks are resolved. Nonetheless, a study in educational games by [6] has 
determined that students are able to interact and immerse them-selves in the lesson 
content while having fun with the game. Therefore, it can be claimed that the teaching 
method using digital games [10] can improve students’ learning skills and increase 
their academic achievement 

Since so many types of games are available, suitable game-play must be identified 
before designing an entire game for students who have to learn the theoretical compo-
nent of the OSI model. The key performance indicators for suitable game-play in this 
topic include enhancing student enjoyment [1],[11] and fun [4], reducing student 
stress [9], encouraging students' attention in learning difficulties [1], and contributing 
to the learning experience by helping their colleagues[1]. Therefore, the purpose of 
this study is not only to design and develop an academic game for teaching the OSI 
model, named Packet Warriors, but also to uncovers the suitable type of games for 
this context. The target group of this study is undergraduate students majoring in 
information sciences. 
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2 Objective 

• To disclose the suitable game type for teaching the OSI model in the    undergradu-
ate students majoring in information sciences. 

• To design and develop an academic gaming application based on an OSI model, 
‘Packet Warriors’, for smartphones. 

• To compare the academic achievement for students before and after learning with 
the game. 

• To study student satisfaction after learning with the game. 

3 Research Framework 

 
Fig. 1. The conceptual model for learning with the game 

Accordingly, Fig. 1, the conceptual model of this study, shows that the main target 
of this study is undergraduate students majoring in information sciences. Additional-
ly, the objective of this study is the academic achievement of students that can be 
measured by their game scores in each game level. Moreover, another outcome that 
can be obtained is the positive attitude of students who learn by playing this game. 
Thus, the stimulus in this experiment is the academic action game, “Packet Warriors”. 

To obtain the objective mentioned in the research framework above, the suitable 
research methodology is planned and managed. The details of this research method 
follow below. 

4 Research Methodology 

4.1 Experimental design 

In this study, an experiment was conducted on third-year undergraduate students, 
majoring in information sciences, at Suan Sunandha Rajabhat University. This exper-
iment aims to evaluate the learners’ attitudes, including their academic achievement, 

Undergraduate students
(Information Science)

- Academic achievement
- understanding of OSI 

reference model - levels 2-4

Student attitudeAcademic action game
(Packet warriors)
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toward the OSI model, which is a part of the information communication and net-
working course. 

Before setting the specific game type for this topic, a survey was conducted by dis-
tributing a questionnaire to a sample group of 1,017 students enrolled in Suan 
Sunandha Rajabhat University. The objective of the questionnaire was to identify the 
students’ appreciation of games based on generation. As a result, the outcome reports 
that the action game is the most popular among traditional undergraduate students. 
Thus, the game in this experiment was implemented as an action game. 

 As mentioned previously, undergraduate students love action games more than 
others. Therefore, this game was designed as an action game called Packet Warriors, 
with the role of every learner being a character on a virtual planet. Since the experi-
ment is designed to measure the knowledge and impact of the game for 3 layers pf the 
OSI reference model, the contents in the game are separated into three chapters: “Da-
ta-link Layer”, “Network Layer”, and “Transport Layer”.  

This experiment consists of 5 steps. In the first step, students are administered a 
pretest. Second, the game is introduced to them in a computer lab. Third, students are 
administered a posttest. Fourth, questionnaires are given to the students for inquiry of 
satisfaction after using the application. Lastly, data are analyzed to check for the ef-
fectiveness of learning with the game. 

4.2 Participants 

To determine the objectives of this research, 19 participants , all of whom are third-
year undergraduate students in the field of information studies, with the average age 
of 20 years old, are sampled. These samples consist of 9 males and 10 females; none 
of them has been enrolled in OSI courses or has a background in the OSI reference 
model. Additionally, the game is introduced to students in the computer lab as the 
control environment of this experiment. Therefore, there is no external influencer 
towards samples until the experiment is terminated. 

4.3 Materials 

There are three materials necessary for this experiment: a Packet warriors game 
application, academic achievement tests, and a student satisfaction questionnaire. 
Details of each component are described below.  

Packet Warriors Game application: The objective of the game is to explain 
mechanisms within each layer while students concentrate on mechanisms , as well as 
floating data along these mechanisms, to win the game. In this process, the student’s 
understanding of the concepts of the OSI reference model can be developed with 
enjoyment. 

The design and development of this game is a digital game that consists of various 
elements [10], which are fun, gameplay, rules, goals, interactive, adaptive, outcomes, 
feedback, challenge, problem solving, interaction, representation and story 
[2],[13],[14]. Details of these elements are elaborated in Table 1, and Table 2 shows 
some main screens of the game. 
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Table 1.  Game elements in the Packet Warriors game 

Table 2.  Table 2. Description of Packet Warriors 

Figure Description 

 

The starting screen is used to start the game. 
Students must type their names and tap the start button to 

commence the game. 

 

Students can choose their preferred characters. 

 

Description explaining the missions of the game. 

Game element Question Objective of 
measurement 

Fun Is the game fun to play? 

To study the 
degree of satis-

faction of 
students who 

have learned the 
OSI model 
through the 
developed 

game. 

Gameplay Can playing games lead to positive effects regarding study 
performance? 

Rules Are in-game instructions easy to understand? 
Goals Can playing games help players to revise their previous 

knowledge better than the traditional way of teaching? 
Interactive Is the in-game illustration beautiful, attractive and interesting?  
Adaptive Can the players apply the knowledge from the game in their 

daily life? 
Outcomes and feedback Can playing games help the players to study better? 
Challenge Is the game level suitable for players’ ability? 
Problem solving Can playing games help solving problems in studies? 
Interaction Can playing games help establishing cordial interaction among 

friends? 
Representation and story Is the in-game narration interesting and suitable? 
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Students must shoot enemies while sending ten boxes 
within the limitation time of five minutes. 

 

At the end of the mission, players must help each other to 
answer the question in one minute. 

 

If players choose the correct or wrong answer, the game 
will show an explanation of the correct answer on the 

screen. 

 
Contents in the game are as follows. 
Chapter 1: Data link layer 

• Ethernet 
• Protocols and services in datalink layer 
• Error checking and control 

Chapter 2: Network layer 

• Protocols and services in network layer 
• Host to host  

Chapter 3: Transport layer 

• Protocols and services in transport layer    
• Protocols and services provided by the application layer in the OSI model 
• Process to process  
• Encapsulation process 

Academic achievement tests: There are two testing forms in this experiment: a 
pretest and a posttest. The purpose of the pretest exam is to measure students’ 
knowledge, while the posttest exam aims to measure the success of the learning out-
comes after playing the game. 

Student satisfaction questionnaire: Since the game is developed for students’ 
self-learning, the attraction from the game must be measured using the satisfaction 
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index from students. The satisfaction score is a Likert scale with 5 levels, ranging 
from 1 to 5.  

5 Findings 

The academic achievement test is based on the pretest and the posttest to compare 
the students’ understanding before and after learning the given game [13]. The null 
hypothesis for the achievement is “There is no significant difference between the 
mean score of the pretest and the mean score of the posttest”. Moreover, the analysis 
to answer this hypothesis is the paired t-test with a 95% confidence level. All descrip-
tive values of this elicitation are shown in Table 3. 

Table 3.  Differences of scores between the pretest and the posttest 

Student Pretest 
(%) 

Posttest 
(%) 

Differences 
(Posttest) – (Pretest) 

(%) 
1 36.17 51.06 14.89 
2 25.53 76.60 51.07 
3 38.30 89.36 51.06 
4 44.68 76.60 31.92 
5 42.55 80.85 38.30 
6 44.68 65.96 21.28 
7 34.04 85.11 51.07 
8 17.02 63.83 46.81 
9 36.17 74.47 38.30 

10 31.91 61.70 29.79 
11 21.28 70.21 48.93 
12 31.91 63.83 31.92 
13 19.15 72.34 53.19 
14 29.79 68.09 38.30 
15 23.40 61.70 38.30 
16 27.66 78.72 51.06 
17 19.15 82.98 63.83 
18 40.43 82.98 42.55 
19 29.79 55.32 25.53 

 
The pretest and posttest results indicate that the posttest scores increased after play-

ing “Packet Warriors”, with a mean value of 71.67%, which is higher than the pre-
test’s mean value, 31.24%. The largest difference in score is 63.83%. In addition, 
14.89 is the smallest difference in score.  

To test the effectiveness of learning with the game, the paired samples t-test is ap-
plied. The results are presented in Table 4. 

Table 4.  Paired samples t-test of posttest – pretest data 

 Number  (N) Mean (𝒙") S.D. t Sig. 
Post – Pre 19 40.42 12.46 14.135 .000 
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The t-test shows that the differences of means from both tests are highly significant 
(p < 0.05). Thus, these differences indicate that students can improve their learning 
skill and increase their achievements after playing the “Packet Warriors” game. 
Therefore, we can claim that the students’ achievement can be achieved when they 
play suitable games. 

Table 5.  Student satisfaction after learning with the “Packet Warriors” game 

No Question Mean S.D. 
1 Is the game fun to play? 4 .21 0.78 
2 Can playing games lead to the positive effects regarding study performance? 4.47 0.51 
3 Are in-game instructions easy to understand? 4.05 0.62 
4 Can playing games help players to revise their previous knowledge better 

than the normal way of teaching? 
4.58 0.69 

5 Is the in-game illustration beautiful, attractive and interesting?  4.16 0.60 
6 Can the player apply the knowledge from the game in their daily life? 4.16 0.50 
7 Can playing games help the players to study better? 4.47 0.69 
8 Is the game level suitable for the player’s ability? 4.16 0.68 
9 Can playing games help solving problems in studies? 4.42 0.60 

10 Can playing games help establishing cordial interaction among friends? 4.37 0.76 
11 Is the in-game narration interesting and suitable? 4.21 0.71 
 
Table 5 shows relationships between the improvement of students’ knowledge and 

their leaning skill with better problem-solving since the means of these three indica-
tors are closely high to each other. In addition, the students’ relationships are closer 
since the game is fun and the narrative of the game is interesting. Thus, Packet Warri-
ors is able to help students to learn while having fun, helping them  pay more atten-
tion in the learning process [14],[15],[16],[17]. Consequently, these results are con-
sistent with the collected data that students have positive attitudes towards the learn-
ing by games. Fig. 2 demonstrates the relationships among factors mentioned in Table 
5. 

 
Fig. 2. Relationships among factors in Table 5. 
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6 Discussion 

According the literature, not all types of games are suitable for every learning con-
text. Some games may be time consuming [3], while some games can be useful only 
to small groups of learners [3][5]. Moreover, some games only present the con-
ceptual activities without providing the theoretical knowledge [8]. This research aims 
to unlock the time-consuming problem, the small-group problem and the difficulty- 
to- explain theoretical concepts that cannot be conveyed by any other games.  

To achieve the objective of this research, to develop a game to teach students in the 
theoretical part of the OSI reference model, an action game called “Packet Warrior” 
was designed, developed and evaluated. In the design process, to prevent students’ 
stress and boredom, students generally pass each level within 5 minutes so that the 
time-consuming problem is solved. In addition, this game allows multiple players to 
simultaneously play the same game or play as a group with n players. Thus, the small-
group problem is also solved.  

The target sample group is students in the third year of undergraduate study major-
ing in information sciences, at Suan Sunandha Rajabhat University. The out-come of 
this research is the students’ academic achievement when they learn the data commu-
nication subject through the Packet Warrior game, especially in the theoretical part of 
the OSI reference model. Thus, this game is practical and suitable for theoretical con-
tent of computer networking subject. Moreover, the relationships among students’ 
achievement factors are consistent and obviously be seen. Therefore, the proposed 
platform can support students’ learning skills and push the students’ interest in the 
theoretical parts of the OSI reference model as expected. 

7 Conclusions 

This research aims to develop a game to teach the theoretical concepts of the OSI 
reference model to students who must learn data communication and net-working as a 
compulsory or an elective subject. In the beginning, the survey questionnaire was 
administered to most students at Suan Sunandha Rajabhat University to determine a 
suitable game for students of this generation. The result showed that the action game 
is the most popular game for them. Then, the script of the OSI reference model were 
was drawn based on the theoretical contents and the software design, and implementa-
tion was performed. After finishing this development process, 19 students in the third-
year of undergraduate study majoring in information sciences, at Suan Sunandha 
Rajabhat University tested this system. The evaluation process was performed using 
the pretest and posttest data analyzed by a paired samples t-test at a 95% confident 
level. The result of this study shows that the action game “Packet Warrior” is an effi-
cient tool for students to improve their learning capabilities through fun and good 
relationships with friends. 
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