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expert validation results 87% with the “very valid” category,
module practicality 94% with the “very practical” category and
module effectiveness of 0.8 with the “high” category. The
effectiveness of the module is obtained from the pretest and posttest
that 3 students have increased their critical thinking skills after the
module is given. Based on this study, it can be concluded that the
module with the SETS approach in the material of hydrocarbons
and petroleum can train students’ critical thinking skills and it is
feasible to be tested on larger respondents.

MODUL MATERI HIDROKARBON DAN MINYAK BUMI
BERPENDEKATAN SETS UNTUK MELATIH KETERAMPILAN

BERPIKIR KRITIS SISWA

ABSTRAK

Kata Kunci: Penelitian ini  bertujuan untuk mengembangkan modul
berpendekatan Science, Environment, Technology and Society
(SETS) guna melatihkan keterampilan berpikir kritis pada materi
hidrokarbon dan minyak bumi menggunakan metode Research and
Development (R&D). Modul pengembangan ini divalidasi oleh 3
ahli, sedangkan uji coba terbatas baru sampai small trial dengan
responden 3 siswa SMAN 10 Surabaya kelas XII untuk
mendapatkan data kepraktisan dan keefektifan modul yang
dikembangkan dalam skala kecil. Penelitian ini mendapatkan hasil
validasi ahli sebesar 87% dengan Kkategori “sangat valid”,
kepraktisan modul sebesar 94% dengan kategori “sangat praktis”
dan keefektifan modul sebesar 0,8 dengan kategori “tinggi”.
Keefektifan modul didapat dari pretest dan postest bahwa 3 siswa
memiliki peningkatan keterampilan berpikir kritis setelah modul
diberikan. Penelitian ini dapat disimpulkan bahwa modul
berpendekatan SETS materi hidrokarbon dan minyak bumi dapat
melatihkan keterampilan berpikir kritis dan layak diujicobakan
kepada responden dengan skala yang lebih besar.
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1. INTRODUCTION

Due to the high competition of the job needs in Indonesia, one of the way how to
face the globalization is the development of Human Resources (HR) by cultivating and
developing students’ critical thinking skill. Critical thinking skill is one of the most
important skills in real life. Students are expected to have critical thinking and
communication skills for the future, as mentioned in the Next Generation Science Standard
(NGGS)[1]-[3].

Critical thinking skills are components of higher-order thinking skills in reflective
and logical thinking, reflecting on making appropriate decisions and actions [4],[5].
Decision making can be in the form of students’ abilities to define problems, collect
data/information obtained, analyze, and synthesize. Whereas determining action can be
reflected in the form of the students’ ability to find the solutions of the problems and decide
what to do with the problems. Therefore, students are expected to have the ability to think
critically so that they can become agents of change to 21%-century challenges [6],[7].

Students need practice, encouragement, guidance to get used to analyzing problems
[8],[9]. Therefore, students need to access real learning experiences and problem-solving
skills. Problem-solving experiences are given to students to act as a stimulus to trigger their
critical thinking skills. Critical thinking skills will enable students to make appropriate
decisions or actions on their problems [10],[11]. By using SETS vision learning, the
students are expected to recognize the impact of technology on their social lives and know
the real interactions between science for technology, society, and the environment
[12],[13]. Learning with the SETS vision is is learning to understand science better and
precisely, encourage students to think critically, and foster their creativity. SETS learning
can also make abstract topics in the teaching science that usually boring becomes
interesting and fun because they are linked to real life, so students can be motivated to
learn. Student learning outcomes of chemistry are increasing [14],[15]. The relationship
between the SETS components can be seen in Figure 1.

Figure 1. SETS Framework [16]

Learning chemistry, especially in hydrocarbons and petroleum, requires critical
thinking skills. Hydrocarbons and petroleum studies cover topics and concepts related to
science, environment, technology, and society’s matters. Therefore, a suitable approach
for studying hydrocarbons and petroleum is the Science, Environment, Technology, and
Society (SETS) approach. The SETS learning approach is an approach that connects the
relationship between science, technology, environment, and society [17],[18]. In the
context of education with the SETS vision, the summary sequence of SETS carries the
message that to use science in the form of technology to fulfill society’s needs. It is
necessary to think about its impact on the environment [19],[20].
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Learning chemistry using the SETS approach can presents issues in life [21],[22]. It
can indirectly practice the students’ critical thinking processes because it can connect and
integrate one concepts with other concepts. Integrating several topics or concepts with
various related appropriate studies will make the learning and teaching process more
interesting and meaningful. Students can easily understand a topic or concept from
different perspectives and make sustainable relationships between concepts or topics with
one another [23],[24].

Supported by the relevant research, it stated that in normal study still cannot
encourage the students to practice their critical thinking for integrating the science in daily
activities which has correlation with the environment, technology and society (ETS).
Somehow, learning with SETS approach can improve students’ critical thinking skills. It
can be seen from the relevant research validation learning tools as 93.44% and 92.64% in
the very valid category, the effectiveness measured with critical thinking skills as 87.5%
and 88.3% and the practicality of the product with is known from positive students’
responses as 92.6% and 88.60% [25]-[27].

All this time, learning chemistry has only relied on textbooks or worksheets as a
learning resource. While textbooks have general contents so that the students need the
teacher to explain the essence of the book and it makes one direction communication.
Modules are arranged systematically which includes material content, methods and
evaluations that can be used independently by students according to the expected
competencies [28],[29]. The SETS approach module to improve critical thinking skills has
never been used as a teaching material before and students do not get a variety of learning
resources. The study about the ability of critical thinking is also existing and done by other
researcher, but there is still no research that discuss about the use of SETS module to
practice the students’ critical thinking skill. The previous research are mostly developing
the worksheet rather than the module. Based on school books / teaching materials
observation that are still used in the usual approach, there are no books that use the SETS
approach, especially on the hydrocarbons and petroleum chapters are found with no
correlation with the environment, technology, and society (ETS). The common modules
are developed without using SETS approach to practice students’ critical thinking skills.
So, with the development of a module with the SETS approach in the hydrocarbons and
petroleum materials, it hopes that it can train students’ critical thinking skills better.

2. METHOD

This study used the Research and Development (R&D) method which aimed to
develop module products with the SETS approach, which aims to practice critical thinking
skills on hydrocarbon petroleum chapter. The development of the SETS approach module
is feasible if it meets the validity aspects according to the expert (two lecturers and one
teacher), practicality, and effectiveness when used by students. The instruments used were
the validation sheet to determine the validity of the module, the student response sheet to
determine the practicality of the module when it was used by students and the pretest-
postest sheet to determine the increase in students’ critical thinking skills which showed
the effectiveness of the developed module. To find out the effectiveness of a media, there
are 3 stages, namely one to one evaluation in which the number of respondents is 1-3
students, small group evaluation respondents are 10-15 students and the number of field
evaluations involves a wider range of respondents. In this study using the test one-on-
one/small trial to three students of SMAN 10 Surabaya to obtain the comments of students
and how well the products developed before been tested on a small group or field
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evaluation [30],[31]. The SETS approach is developed using the Borg and Gall procedure
[28]. The research method includes ten steps, as shown in Figure 2.

Potential Problems

V4 - Obtained research title
Data collection

\Z

Product Design

N2

Design Validation - Valid product

\Z

Design revision

N2

Limited trial

} A practical and effective
product

.Figure 2. The SETS Approach Module Development Procedure [32]

However, this study only reached the limited trial stage with a small trial of 3
students of SMAN 10 Surabaya, due to limitations in conducting trials due to the Covid-
19 pandemic. Analysis of validation data is calculated using a percentage of validity
questionnaire data by three experts based on a Likert scale score and analysis of student
response data using the Guttman scale.

However, this research is limited to the sixth stage, namely product testing for high
school students who have received hydrocarbon and petroleum materials. Product trials
using experimental designs (One-Group Pretest-Postets) as shown in Figure 3 below:

01 X Oz

Figure 3. Experimental Design (One-Group Pretest-Posttest)

O1 = Pretest before being given a SETS approach module

X = given treatment with a SETS approach module

O. = Postest after being given a SETS approach module

The test data analysis was calculated using an n-gain score to determine the differences in
critical thinking skills before (pretest) and after (posttest).

3. RESULTS AND DISCUSSION

In developing this product, there is a potential problem where students in the learning
process are more directed to memorizing information. Students’ minds tend to remember
and accumulate information without understanding and relating to the real life, that is the
basis for module research using the SETS approach. Furthermore, collect the data before
the research has aimed to analyze and collect material from various sources to develop
product planning. Literature studies at the potential problem and data collection state that
students need to have critical thinking skills and the SETS approach can practice their
critical thinking skills. In line with previous research, the aim of learning with the SETS
vision is to enable students to understand science better, encourage students to be creative
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and think critically so that students can increase their motivation and their result of the
study [14][15]. Those are the purpose of developing a module with the SETS approach to
practice students’ critical thinking skills on hydrocarbon and petroleum chapters.

The initial product development stage includes preparing draft I, validation, and
revision to produce draft Il. The development of draft | will be validated by three expert
validators, namely 2 Chemistry Education lecturers at the State University of Surabaya and
one chemistry teacher at SMAN 15 Surabaya, storyboard module can be seen in Table 1.

Table 1. Storyboard Module

No Visual

Explanation

1 Cover
“ SRR e

In the cover, there is a statement that the hydrocarbon and petroleum
modules use SETS approach

2 Concept Map

PETA KONSEP

[

.....

The concept map contains all sub-chapters in hydrocarbons and
petroleum. Hydrocarbons are grouped into aliphatic and aromatic
hydrocarbons. Hydrocarbons are contained in petroleum and can be
separated using multilevel distillation to produce petroleum products.
However, the process and use of petroleum causes environmental
pollution.

3 SETS Framework

KERANGKA BERPIKIR SETS

e e

The SETS framework categorizes:

1. Hydrocarbons and petroleum in the scientific aspect

2. Petroleum spills and disposal of crude oil waste in environmental
aspects

3. Separation of petroleum using multilevel distillation in the
technological aspect

4. Benefits of petroleum for daily life in terms of society

4 Competensy

There are Basic Competencies (KD) starting from 3.1 analyzing the
structure and character of hydrocarbon compounds based on an
understanding of the peculiarities of carbon atoms and their
classifications of compounds up to 4.3 Presenting the results of
evaluation of the impact of hydrocarbon combustion on the
environment and health, and also how to overcome them
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5 Chapter I:
Hydrocarbon

BAGIAN I HIDROKARBON

Contains alakana, alkene, alkyne, isomer, benzene. Starting from
understanding, the numbering process, the naming process and
exercising questions

6 Critical Thinking

a

The material contained in the module also presents critical thinking
questions for students, for example after being presented with data from
alkanes which include names, molecular formulas, structural formulas,
melting points and boiling points, students are asked to analyze the
relationship between the structural formula with the boiling point or
melting point of an alkane.

7 Practical guide

PRAKTIKUM

Practical guide for the combustion reaction of alkynes with oxygen
which contains the following:

1. Purpose of the experiment

2. Tools and Materials

3. Procedures

4. Observation Results

5. Questions and Discussion

8 Chapter Il: Petroleum

BAGIAN I1: MINYAK BUMI

Contains petroleum material starting from the definition, separation,
fractions, fuel oil, impact on the environment and petroleum waste

9

Contains questions with 4 indicators of critical thinking skills, namely:
1. Explanation

2. Interpretation

3. Inference

4. Analysis
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The module validation results consist of 3 aspects being assessed: content, language,
and presentation. The following is the recapitulation result of the SETS approach module
validation processed using the n-gain score in Table 2.

Table 2. Recapitulation of SETS Approach Module Validation

No Component Percentage

1  Content 87%

2 Presentation 90%

3  Language 84%
Average 87%
Category Very Valid

Content feasibility gets score of 87% with a very valid category, means that the
module chapters are in accordance with Competency Standards (SK) and Basic
Competencies (KD). The module chapters contain related aspects of SETS so that the
SETS approach allows students to gain a complete understanding of science from their
learning. The SETS approach is learning with an integrated process to teach students to
look at the problems by paying attention to science, environment, technology, and society
[33][34]. The module is equipped with a SETS chart to make the students easier to connect
hydrocarbons and petroleum chapters into manufacturing technology, impact the
environment, and impact society. There is also a competency test in the module that
contains four critical thinking skills indicators: 1) Interpretation, 2) Analysis, 3) inference,
and 4) explanation.

Presentation feasibility gets a value of 90% with a valid category, means that the
module presentation technique is good. The material presented is systematic, starting from
the introduction, table of contents, concept map, contents, conclusions, competency tests,
and bibliography. The module is presented with pictures to assist students in understanding
the chapter, namely when composing the module, illustrations/pictures/visuals are needed
to get a real picture of the substance being studied [35]. Those pictures also mean to make
students not to get bored when reading the module.

The feasibility of language gets a value as 84% with a very valid category, means
that the language used is in accordance with the students’ level of intelligence, in other
words, students can easily understand materials. The module uses communicative and
coherent language so that it is easy to understand. The use of words should be common
words and widely used in the school environment / daily life [35]

Overall, the SETS approach module’s assessment to practice critical thinking skills
obtained a total average of 87% in the very valid category. From this score, it can be
concluded that the developed module is feasible to test with the conditions for
improvement in accordance with the validator’s suggestions.

Trials are carried out to determine the practicality and effectiveness of the developed
modules. The student’s response can determine the practicality of a media after using the
module. Students are given a questionnaire concerning the practicality of the content,
language, and presentation. The student’s assessment is 94% in the very practical category,
means that the module developing was clear, easy to understand, and interesting. The
module can increase students’ knowledge about the hydrocarbon content in petroleum and
its uses in daily life, and its impact on the environment.

Meanwhile, effectiveness is measure by completeness and improvement of students’
critical thinking skills. Because critical thinking is the key to science education to prepare
young generation to understand the influence of science, technology, and its impacts
[36][37][38]. The following is a graphic presentation of the pretest and post test critical
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thinking skills recap in Figure 4 , a graph of improving students’ critical thinking skills for
each indicator in Figure 5. Figure 6 contains the students ‘pretest and posttest answers.
Figure 7 explains the trial flow of the SETS approach module and visualization of students’
questions and answers to questions in the module recap in Table 3.

90 83
80
70
60
50
40
30
20
10

0

Pretest Post-test

Figure 4. Graph of Pretest and Posttest Critical Thinking Skills Recapitulation

35 20 32
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Interpretation Analysis Explanation Inference

Figure 5. Graph of the Improvement of Students’ Critical Thinking Skills for Each Indicator
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Figure 6. Students’ Pretest and Postést Answers
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Pre-test

Explain the material in the
module to students

v

Students complete the
practice questions
contained in each sub-
chapter and complete the
competency test at the end
of the chapter

Post-test

Figure 7. SETS Approach Module Trial Flow

Table 3. Visualization of Student Questions and Answers to Questions in the Module

No Questions Answers
1 AYO BERLATIH 1.1 e e
1. Berilah nama struktur dibawah ini menggunakan aturan ITUPAC! - _J 8. 2.9 - d\‘me-\-_il“\a\o\:‘gav_—\é -; "ﬂ_ e
TH’ i e o. V-etll - ."4,5_43':!“‘ —jhana
P . R - e e e e e .
| = ic < S e
e e, e —e e —c —ci-ic—ic —c
, c—c ¢
CHy fpmee 7] =]
CHy | i =
| TH: Jesieisie—cric el aTe —ci—C
b, HC—C 7E—E—ﬁ—H=7H27cm cliie : ‘c_ -c -c 7
\
CHy < S
2. Gamibaslah struktus dari rantai cabang alkana dibawah ini! Bgo bertadiva \ > s
a 24-diet] hebsana Ligmila AuS Al — 2. 6-dimeril - 9 - heptg)
b 3isoprapit . 4- Ysopropil — 3,7 - Aimetil - 2- Owteen
¢. 34-dimetil6-propil nonana e T e e ©
2 Latihan 16 A‘{ﬂ M‘\M’!\l\ \(p 2 |
Teilah bagan SETS di baveah ini! Hubungkan Minyak Bumi (sebagai objek
science) dengan keadaan linglungan (eiromment), teknologi pembuatan me
P s > Mmoot Mintak bumi
' > .
Wiatonment s, ((ude il dapat wmerusak \ingrungan |
‘erutama di \aut . orqanisme lauk dapat
terbowtamina@ 2at berbahaya |
2. (rude o mudah terbakas  coroef
I don feartif , beracum ,
i 5 3. Dapat menimbulkan pencemaran
Minyak Bumi e dan =
°‘°9‘! > L wmendidihkan wingak loumi agar {rakh -frakfinga
\ dopat Ser picakkan
o Society 2. Destilal berkingrat |
.g"cm*‘f —— Gdhan baral Wmotor (M) ‘
3.

3. Kalian telah belajar materi senyawa hidrokarbon bukan? Kita tahu
bahwa rumus molekul alkana adalah CyHoms2, alkena CnHom, dan-
alkuna CyHany. Menurut kalian mengapa rumus dari ketiga senyawa

hidrokarbon itu berbeda? Berikan Argumen kalian! (Eksplanasi)
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Based on Figure 4 and 5 shows that there is an increase in the completeness of
critical thinking skills. The pretest results showed that none of the students had completed,
but after being given treatment with the SETS approach module, student learning
completeness as measured by the post-test increased. Whereas in Figure 4, the increase in
each indicator of critical thinking skills during the pretest and post-test is very significant.
It means that the module with the SETS approach can train students’ critical thinking skills.
N-gain for each indicator of critical thinking skills can be seen in Table 4.

Table 4. N-Gain of Each Indicator of Students’ Critical Thinking Skills

Indicator Pretest Posttest N-gain
Interpretation 3 8 1
Analysis 11 30 0,8
Explanation 13 32 0,8
Inference 5 14 0,7
Total 32 84

Average 0,8

Based on table 4 shows that the post-test results are much higher than the pretest.
This condition happens because students receive treatment of SETS approach module as
the teaching and learning material. The average n-gain value is 0.8, which means that
students’ learning completeness was in the high category. The module with the SETS
approach developed is very effective for practising students’ critical thinking skills.

The SETS approach’s learning module has the advantages that students can
understand the chapters deeply, especially hydrocarbons and petroleum and have strong
bonds in their lives. By presenting various events, problems, or issues in society, students
are expected to develop thinking skills related to science, environment, technology, and
society. It is in line with previous research using the SETS concept that is included in the
learning process. Students can enhance and understand between branches of science, the
technology used, benefits in society and impact on the environment so that students can
show the improvement of their critical thinking skills [39]-[41].

The critical thinking skills that developed in the development of this module include
the ability to provide opinions (interpretation), the ability to analyze, the ability to conclude
(inference) and the ability to provide logical and relevant reasons for an event
(explanation). By being given a module with the SETS approach, the students’ ability in
the 4 indicators increased by 0.8 when calculated by the n-gain score, it was known through
the evaluation of the pretest-postest learning. So, it can be concluded that the hydrocarbon
and petroleum module with the SETS approach can improve students’ critical thinking
skills. Whereas the module in the previous research that did not use the SETS approach to
practice critical thinking skills on hydrocarbons and petroleum materials could only
improve critical thinking skills during the pretest-postest of 0.71 [42].

4. CONCLUSION

This study was conducted to develop a product in the form of a hydrocarbon and
petroleum module with the SETS approach to practice eleven graders of science students
critical thinking skills. The method used for this research is R&D, which gets the following
results: The validity of the module, which includes content, language, and presentation,
score 87% in the very valid category; the practicality of the developed modules as seen
from the students’ responses score as 94% in the very practical category and the
effectiveness of the developed module is see through the completeness learning to get a
score as 0.8 with the complete category and the average n-gain score with the high category
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