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Abstract—Fun learning atmosphere is one of the important
things in the learning process. Students need fun learning
atmosphere especially when they learn lessons that are
considered difficult. Chemistry is one of the subjects considered
difficult. Many researchers try to create a fun learning
atmosphere by applying educational games. This study aims to
investigate the effect of using Dunia Hidrokarbon games on
student’s conceptual understanding about hydrocarbons and
their critical thinking. This study is a sequence of Research and
Development work. Participants who involved in this study were
six high school students from Bandung city, West Java province,
Indonesia. Rasch measurement modelling were utilized to
analyze the data. The result shows that students’ conceptual
understanding about hydrocarbons and critical thinking abilities
can be developed by applying Dunia Hidrokarbon games as
learning tools. Students can understand concepts on hydrocarbon
topics including: carbon atoms, determination of molecular
formulas, structures, and names of alkanes, alkenes, and alkynes
through Dunia Hidrokarbon games, but they do not understand
the concept of structural isomers and position isomers. Students’
critical thinking abilities focusing on a question and deciding on
an action can be developed, but analyzing arguments, asking and
answering questions of clarification and challenge can’t be
developed.

Keywords—hydrocarbons, conceptual understanding, critical
thinking, games, digital literacy

I. INTRODUCTION

Digital games are not a brand new in our lives, but their
existence is becoming more popular because it is not only used
for entertainment, but also for educational purposes [1,2].
Digital games is a form of digital literacy practice [3-6].

Hydrocarbons are one of the topics in chemistry subjects in
high school. There are three aspects should be learned in this
topic include molecular formulas, molecular structures, and the
name of hydrocarbons. Students should be able to connect
these three aspects. This condition requires teachers to be able
to design an effective learning process. Effective learning can
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occur by creating a fun learning atmosphere [7,8]. Games is
one of the tools that can help create fun learning atmosphere
because games provide challenges and feedback for students
[1,9,12]. Games can motivate students to learn actively and
enjoyable [2]. Previous research has shown that the use of
games in chemistry learning has a positive impact on student
learning outcomes, engagement, and motivation [13-16].
Games can also build students’ critical thinking. Learning
material that presented as a game, students are more eager to
try to win it. The effort is a critical thinking process [17,18].

The learning media that available in schools for learning
hydrocarbons topic is a molecular model, namely molymod.
Nevertheless, the use of molymod for gaming has its
limitations. Each school only has one or two sets of molymod.
This causes not all students to use molecular models in the
classroom so that not all students can be actively involved in
learning. Students are also unlikely to be burdened with buying
molymod because the price of molymod is expensive.
Therefore, along with the development of information and
communication technology can be developed computer games
similar to using molymod. This study is important to be done
because computer games can facilitate every student in
learning on hydrocarbon topics at a low cost. In addition,
students can learn not only in the classroom, but also at home.
Dunia Hidrokarbon is a computer game for learning
hydrocarbons topic with two different way to play. Alkanes,
alkenes, and alkynes games can be played by way of ‘catch and
go’ and the isomers game can be played by way of ‘drag and
drop’. There has never been a game for hydrocarbon topics that
has the characteristics of how to play it like the Dunia
Hidrokarbon games.

Il. METHODS

This study is a sequence of Research and Development
[19]. This study is a limited trial stage. The previous stage was
the development of computer games, namely Dunia
Hidrokarbon that designed to build conceptual understanding
and critical thinking. Participants who involved in this study
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were six 10-grade high school students from Bandung city,
West Java province, Indonesia. They have never studied the
topic of hydrocarbons. The multiple choices items consist of 15
questions were utilized to investigate students’ conceptual
understanding about hydrocarbons topic. Table 1 list the
conceptual understanding items.

TABLE I. CONCEPTUAL UNDERSTANDING ITEMS
No. Items Chemistry Concepts Coding
1. Carbon atom Q01
2. Structure of alkanes Q02
3. Structure of alkynes Q03
4. Molecular formula of alkenes Qo4
5. Name of alkanes Q05
6. Molecular formula of alkanes Q06
7. Structure of alkenes Qo7
8. Name of alkenes Q08
9. Structure of alkynes Q09
10. Molecular formula of alkynes Q10
11. Structural isomers Q11
12. Structural isomers Q12
13. Structural isomers Q13
14. Position isomers Q14
15. Position isomers Q15

The multiple choices items consist of 17 questions were
utilized to investigate students’ critical thinking. Table 2 list
the critical thinking items.

TABLE II. CRITICAL THINKING ITEMS
No. Items Critical Thinking Abilities
1. Analyzing arguments
2 Asking and answering questions of clarification and
) challenge

3 Analyzing arguments
4 Deciding on an action
5. Focusing on a guestion
6. Analyzing arguments
7

8

9

Deciding on an action
Deciding on an action
Deciding on an action

10. Deciding on an action
11. Deciding on an action
12. Deciding on an action
13. Analyzing arguments
14. Analyzing arguments
15. Analyzing arguments
16 Asking and answering questions of clarification and
) challenge
17. Analyzing arguments

Rasch measurement model were utilized to analyze the
data.

I1l. RESULTS AND DISCUSSION

Dunia Hidrokarbon is a computer games that designed to
build students’ conceptual understanding and critical thinking.
The chemistry concepts include carbon atoms, structures,
molecular formula, and names of alkanes, alkenes, and alkynes,
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structural isomers, and position isomers. Critical thinking
abilities include analyzing arguments, asking and answering
questions of clarification and challenge, deciding on an action,
and focusing on a question. Fig. 1 shows a part of Dunia
Hidrokarbon games.

sur: kRN

Fig. 1. Dunia Hidrokarbon games on alkenes challenge.

Students answer the conceptual understanding items and
critical thinking items after they play Dunia Hidrokarbon
games.

A. Students’ Conceptual Understanding

The first study calculates the percentage of students’
conceptual understanding. The purpose is to find out the
percentage of students who answered correctly for each
question. Fig. 2 shows the percentage of students’ conceptual
understanding.
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Fig. 2. Percentage of students’ conceptual understanding.

Fig. 2 shows that the percentage of students’ conceptual
understanding about carbon atoms, structures, names, and
molecular formulas for alkanes, alkenes, and alkynes is more
than 75%.
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Fig. 3. Summary statistic on Rasch analysis.
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Fig. 4. Score of students’ conceptual understanding.
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It indicates that students’ conceptual understanding about
these concepts developed through Dunia Hidrokarbon games,
but the concept of structural isomers and position isomers is
not developed. Then we used Rasch analysis to identify
students’ conceptual understanding.

Fig. 3 shows the reliability of the individual, the reliability
of the object, and the Cronbach alpha score. Fig. 3 confirms the
importance of the person reliability 0.78, which is the person
reliability in the good enough category. While the importance
of item reliability 0.76 and 0.82, which is the item reliability in
the good category. In addition, the Cronbach alpha value of
0.77 included a good category.

Analysis scores of students’ conceptual understanding
shown on Fig. 4. It demonstrates that respondent with code 02S
have the maximum conceptual understanding, but respondent
with code 06S have the minimum conceptual understanding
about hydrocarbons topic. Items with code Q14 no one can
answer correctly, and items with codes Q11, Q12, Q13, and
Q15 are only answered correctly by one respondent. This result
indicates that the concept of structural isomers and position
isomers has not been understood by students.

This result is relevant to other research that isomerism is
one of chemistry concept that students have limited to
understood [20,21].

B. Students’ Critical Thinking

The second study calculates the percentage of students’
critical thinking. The purpose is to investigate the percentage of
students who answered correctly for critical thinking items.
Table 3 shows the percentage of students’ critical thinking.

TABLE IlI. PERCENTAGE OF STUDENTS’ CRITICAL THINKING
No. Critical Thinking Abilities Average Percentage
1. Analyzing arguments 25%
Asking and answering questions
2. L 0%
of clarification and challenge
3. Deciding on an action 98%
4. Focusing on a question 100%

Based on the data in TABLE Il it can be seen that the
average percentage of critical thinking abilities deciding on an
action and focusing the question more than 75%. However, the
average percentage of critical thinking abilities analyzing
arguments and asking and answering questions of clarification
and challenge is less than 75%. It indicates that critical thinking
abilities deciding on an action and focusing on a question can
be developed, but analyzing arguments and asking and
answering questions of clarification and challenge can’t be
developed through Dunia Hidrokarbon.

Critical thinking ability asking and answering questions of
clarification and challenge are not developed through the
Dunia Hidrokarbon. This case allegedly because as long as the
student plays the Dunia Hidrokarbon, when the student has
failed in forming hydrocarbons structure, they focus on the
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question "how to get the game done?" without thinking "why is
the structure formed wrong?". While playing Dunia
Hidrokarbon there was a conversation between students. While
playing alkenes game, students (code 06S) asked to students
(code 05S) "what about this second game? | built the structure
but it didn't show up in the product." Then the student (code
05S) said "yes, me too". Student (code 02S) said "Try various
possibilities, 1 was able to. That carbon atom has two bonds,
attached two more single bond." It is alleged that student (code
02S) discovered this conception because he tried various
possibilities. He answered incorrectly question number 2 which
measures critical thinking ability of asking and answering
questions of clarification and challenge. It is thought that the
other students managed to complete the alkenes game because
they tried various possibilities after hearing this conversation,
without thinking about why carbon atoms with double bond
can only have two more single bond. All students answer the
question number 2 incorrectly.

IV. CONCLUSION

Based on the research and discussions that have been
described, it can be concluded that students’ conceptual
understanding and critical thinking can be developed through
Dunia Hidrokarbon games. Students can understand concepts
on hydrocarbon topics including: carbon atoms, determination
of molecular formulas, structures, and names of alkanes,
alkenes, and alkynes through Dunia Hidrokarbon games, but
they do not understand the concept of structural isomers and
position isomers. Students’ critical thinking abilities focusing
on a question and deciding on an action can be developed, but
analyzing arguments, asking and answering questions of
clarification and challenge can’t be developed. This result
suggested that Dunia Hidrokarbon on isomers part need to be
revised.
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