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ABSTRACT

The purposes of this study were to (1) develop a worksheet that enriched with socio-scientific issues, and (2)
examine the effectiveness of the developed worksheets for improving high school students’ conceptual
understanding of rate reaction and thermochemistry. This research implemented the 4D research and
development models that consist of four phases: define, design, develop, and disseminate. Research participants
consisted of 132 students from a public high school in Ambon city. The instruments were the validation sheet,
questionnaire, observation sheet, and the conceptual chemistry test. The research data consisted of qualitative
and quantitative data and analysed using statistics and qualitative descriptions. This study found that the
developed socio-scientific issues-based worksheets were valid, practical, and effective in improving high school
students’ conceptual understanding of reaction rate and thermochemistry. It is necessary to encourage chemistry
teachers to explore other socio-scientific issues to teach in rate reaction and thermochemistry.

Keywords: Conceptual Understanding, Socio-scientific issues-based worksheet, Reaction rate,
Thermochemistry.

1. INTRODUCTION areas. Teaching SSls in science classrooms have been
developed for studying student’s learning outcomes
[5] [6], enables a better understanding of scientific
concepts [7] [8], impact to argumentation [9],

enhance decision-making skills [2], and develops

Zeidler [1] stated that the term "socio-scientific
issues” (SSI) is sometimes written using a hyphen
(i.e., "socio-scientific issues"). SSI is a context-based

concept of science or a controversial issue that is
generally addressed by considering political and
social influences [2]. SSI's context is generally
global; for example, climate change and the use of
technology and genetics to address environmental
problems and crises [3]. As SSI contains
controversial issues, the use of these issues at
problem-solving will challenge the process of
knowledge transfer [4].

In this decade, SSI has become essential in
science education because of its’ central role in
promoting scientific literacy [5]. Science education
researchers have explored SSIs use as a context for
scientific teaching and learning, and research shows
that doing so can support significant learning gains
[5] [1]. They were using SSls as a context in their
studies and integrated the SSls into other research

character and values by encouraging students to
perceive themselves as global citizens [10].
Moreover, teaching science with SSI allows students
to make meaningful use of science for application to
real-world decision making, rather than merely
learning isolated science facts. As such, it is crucial
to adopt SSI as a context in learning.

For preparing future students, teachers need to
learn and modify SSI to be incorporated in the class.
This way requires a shift in teachers' approaches to
planning and teaching, providing students focused
opportunities to explore social aspects of SSls
beyond science content. Teachers' need a pedagogical
skill as resources that provided explicit step-by-step
explanations while teaching with SSI [9]. Learning
tools are needed to support the learning process. One
of them is a student’s worksheet. Using student’s
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worksheets in class will help them understand the
context by themselves [11] [12] if the student
worksheet is associated with appropriate learning
strategies and adjust to learning targets [13]. The
student worksheet also gives a significant chance for
the students to show up their ability and develop a
thinking process through looking for, guessing, and
logical.

The chemistry topics typically taught in the
general chemistry course and have been the focus of
numerous research studies are rate reaction [14] and
thermochemistry [15]. Researchers interested in the
topics for some reasons, including the following: that
is a core concept with a fundamental and
developmental role in chemistry education [16]; that
contains many concepts that prove challenging to
students to be learned [17]; and have difficulty in
understanding and applying to real-life [18] [19]. The
researchers recommended that students’ conceptual
understanding of these topics should be improved.

Some studies have previously focused on
developing student’s worksheets and conceptual
understanding of chemistry topics. [20] studied the
effect of students worksheet on the chemical
compounds topic; [21] investigated the feasibility
student worksheet with SETS on colloid topic; [22]
implemented guided inquiry-based worksheets to
improve generic science skill; [23] developed of
problem-based learning innovative worksheets to
improve the learning outcomes chemistry. However,
these researchers have not adopted SSI as a context-
based in their studies. Therefore, this study excited to
develop student worksheets with SSI that are
supposed to support students and teachers in learning
chemistry topics. It can direct the mindset of students
and teachers in finding new knowledge that can prove
awareness of it and the skill to solve problems to do
and answer any problems presented in the student
worksheet. The role of teachers as facilitators in the
learning process is expected to be maximized because
learning activities will become more focused, and
students can construct their knowledge.

This study has two purposes: the first purpose is
to develop learning resources in the form of SSI-
based student worksheets, especially in rate reaction
and thermochemistry concepts. The second purpose
is implementing learning by using SSI-based student
worksheets to examine students' conceptual
understanding of the chemistry topics.
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2. RESEARCH METHODS

This research uses one model of development
research in the field of education proposed by [24].
According to them, 4D in education is a process to
develop and validate educational products. So, this
research was carried out in four phases. First, the
Define phase is a preliminary study that took all
students in the population. The prior study observed
the learning obstacles by students and the need for a
worksheet and an improvement in the learning
outcome of reaction rate and thermochemistry.

The second phase is designing of students'
worksheet with SSI  to improve conceptual
understanding of rate reaction and thermochemistry.
The result of the Define phase was used as the
material for the initial product design (early
prototype) of students' worksheets with the SSI
context. This designed draft should consider the
feasibility of implementation in the field. The third
phase is the development phase. At this phase, the
validation of the worksheets was done by experts,
namely education and chemistry experts. Expert
comments will be used to improve students’
worksheet drafts on the aspects of the content of
chemistry, language, and design. Their opinions were
collected using a questionnaire. The questionnaire
consists of two components: the first component is
the statements with four potions that should be
chosen by the experts (e.g., inappropriate statements,
less appropriate, appropriate, very appropriate), and
the second component is spaces in which they should
write down comments concerning the worksheets.

An early prototype design of the worksheets was
tested in a small-scale trial to 25 students' of XI IPA
in a Public Senior High School in Ambon to obtain
readability data. The worksheets were then revised
based on the evaluation results of the small group
trial. The next large group trial was conducted to 38
students of science class. Based on the ftrial, the
worksheets did not need any revision and were ready
to be applied to high school students.

In order to examine the effectiveness of the
worksheet in improving the students’ conceptual
understanding of rate reaction and thermochemistry,
the study implemented a quasi-experimental pre- and
post-test design. Research participants were chosen
by simple random sampling technique, after going
through the equality test. It consisted of 72 students
of grade XI IPA 1 and IPA 2 as experiment class and
60 students of grade XI IPA 3 and IPA 5 in another
Public High School in Ambon Bay district as the
control class. An independent sample t-test was used
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to examine the difference of the conceptual
understanding gain score between the experimental
and the control classes. The difference would be
significant if the level of significance in the
independent sample t-test analysis were less than 0.05
or sig.2-tailed<0.05. Before analysed using
independent sample t-test, prerequisite tests were
performed that included normality and homogeneity
tests. Then, the obtained data were analysed using the
N-gain test, according to [25], to see the

improvement.

Figure 1 Development of Design Flow Model 4D.

Preliminary
study

Design early
prototype

3. RESULT AND DISCUSSION

3.1. Development Result of SSI-based
students’ worksheet

Experts reviewed the student’s worksheets
contextualized by SSI and the results of the validation
shown in Table 1.

Table 1. Validation Result by Experts

Component | Average score  Category

(%)
Content 85.45 Very Valid
Language 83.35 Valid
Average 84.4 Valid

Table 1 shows that the score of expert validation is
84.4%. This percentage means that the worksheet for
students is worthy of use in the field. Some revisions,
however, need to be done. The feedback and
suggestions for improvement are a corrective and
straightforward improvement. The revised expert
input is listed in Table 2. A questionnaire was
delivered to the students. They must choose one of
the five options based on their perceptions of the
developed worksheets. The purpose of the
questionnaire was to evaluate the students’
perceptions after learning through the worksheet for
further improvement. The scores of students’
responses to the questionnaire can be seen in Table 3.
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The research instrument to measure students’
conceptual understanding has been validated, and its
reliability value is 0.877. The research and
development data consisted of qualitative and
guantitative data. The qualitative data were in the
form of a learning support facility, readability of the
developed draft of students’ worksheet with SSI, and
students' responses to their use of developed
worksheets. At the same time, the quantitative data is
in the form of test scores of student conceptual
understanding of the topics of rate reaction and

thermochemistry.
}>

design

Implementation
Table 2. Revised Appraisal Lists by Experts

Validation and
and distribution
After

trial prototype
product
The used term

Part Before

1| Exploration Phase:

Using the term "Rate "consumption

of formation and rate" in the
consumption rate" sentences
as "rate to..."

2| Simplify sentences, Changes the

such as objectives sentences at this

for hypothesis point

generation

3| Explain that 1 Restructure the

worksheet used for cover for precise

some meetings information for

each meeting

The observation was also conducted during the
implementation of the worksheets in the small-scale
testing. The readability results were used to improve
the worksheets before being used in a large-scale trial
and field trial. The interview results with the students
about the worksheets' legality indicated that the
developed worksheets have been appropriate to use.
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Table 3. Results of Student Response to

Questionnaire

No Question Score
Average

1 Can you understand the steps 3.6
in this worksheet?
2 | Are the
material

of the 35
in the worksheet

contents

clear and understandable?

3 | Does the display of worksheet 35
(writings, pictures, tables) can
help you learn?

understand the 34
language of the worksheet?

4 | Can you

of the 3.9
relating to the

5 | Are the problems
worksheet
problem of everyday life?

6 | Do the learning activities in 33
worksheets help you
understand the content of the
material being taught?

7 | Can you solve the problems in 35
the worksheet individually or

in groups?

8 | Are the problems in the 3.8
worksheet  challenge  your
thinking?

9 | Are the questions on the 38
worksheet encourage you to
cooperate and to discuss?

ability was relatively different in understanding the
language in the worksheets. However, some terms
should be given a more lucid explanation. Diction
and compilation of sentence, are exceedingly
essential for printed learning media as they pay a big
credit to the communicative.

3.2. The Influence of SSI-based Student
Worksheets on Conceptual Understanding

When designing student worksheets based on SSI,
it is essential to choose a problem that is relevant and
appealing to students. It allows students to negotiate
the complex sociocultural aspects of the given issue,
which is, in turn, provide experiences that foster the
necessary skills to participate in the resolution of the
issue [26] [27] [28]. Integrating SSI into chemistry
concepts can be varied. The SSI used in this study is
local and national topics, so students can easily
understand the problems presented in the text. The
integration of SSI in a classroom emphasizes the
practice of dialogic classes that include students'
views along with diverse sources of knowledge and
perspectives [29]. Figure 2 shows examples of SSI
which used in students worksheet.

Treatment of pre-test and post-test was also given
to the control class using conventional chemistry
worksheets. The gain scores were counted from the
scores of the pre-test and post-test in both classes.
The descriptive data and gain scores of the
conceptual understanding of the experimental and
control classes can be seen in Table 4.

Table 4. Descriptive data analysis and Gain Value of
Conceptual Understanding

Experiment ‘ [@elgiife]

make you more aware of

10 | Are the reflection narratives 33
you make to help you learn?
1 | Do ‘self-reflection" activities 3.9

N 72 60
Highest 90.91 86.70
Lowest 8.51 6.45
SD 15.77 14.36
N-Gain 75.36 52.51

learning?

12 | Are you happy to complete 34
every task you need to work

on in the worksheet?

Total Score 3.6

In terms of language, not all students thought that
the language of the worksheet is easy to understand.
It is a reasonable condition because the speed of
reading comprehension depends on the speed of the
students' ability to grasp. It appears that the students'

The results showed that the highest gain score of
learning outcomes was found in the experimental
class, while the lowest gain score was in the control
class.

The gain scores of a conceptual understanding of
each student in the experimental class and control
class were analysed using an independent sample t-
test at the significance level of 5%. Before analysis
by an independent sample t-test, some prerequisite
tests were performed that included normality and
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homogeneity tests. The prerequisite test results can be
seen in Table 5.

Table 5. The Prerequisite Hypothesis

Prerequisite Test ‘ Significance Value (p)

Normality Test Experiment = 0.200*
Control = 0.200*

0.337

Homogeneity Test

According to the prerequisite hypothesis, the
normality test p = 0.200 > 0.05 and the homogeneity
test retrieved p = 0.337 > 0.05. It can be said that data
normally distributed and homogeneous.

The gains of conceptual understanding in post-test
and pre-test scores on both the experiment class and
control class were then compared using an

Advances in Social Science, Education and Humanities Research, volume 528

independent sample t-test. There was a significant
difference in the conceptual understanding between
the experimental class and the control class if the sig.
(2-tailed) <0,05. The result of the independent
statistical sample t-test is shown in Table 6.

Table 6. The Prerequisite Hypothesis

Variable

Sig. (2-tailed)

Conceptual understanding 0.000

According to the statistical independent sample t-
test on conceptual understanding, the gain score of
the significance is 0.000 or the sig.<0.05, so the HO is
rejected. Thus, with a 95% confidence level, it can be
concluded that SSl-based student worksheet is
effective  in  empowering the  conceptual
understanding of high school students.

/ “PORNA SAGU"
Porna Sagu adalah wadah atau cetakan untuk
B

dari bahan dasar utama tepung sagu

vakni sagu lempeng. Porna terbuat dari tanah lat yang
dibentuk dengan beberapa

rongga atan ruangan tempat

memasukan tepung sagu, untuk memudahkan proses

sagu 1 4 kah alat

| masak dari tanah liat?. Biasanya 5-6 rongza pada satu

porna. Proses sagu 1

panas vang diperoleh dari pembakaran porna sagu.

Mengapa porna sagu dapat jadi panas? Bagai pr nya? Apakah itu yang
dimaksud dengan proses fransfer energi? Tepung sagu akan berubah menjadi
lempengan sesnai dengan bentuk porna dengan bantuan panas. Berapa banyak panas
vang digunakan untuk proses ini?. Mengapa tepung sagu dapat berubah memjadi
lempeng sagu? Proses apakah yang ferjadi ini?
Yan, dibersih

Sebelum porna sagu siap di; pelepah daun pisang lalu

kemudian dibakar dengan kayu api. Amankah kita menggunakan porna sagu, hanya

dengan dicuci pelepah pisang? Saaf ini ada banyak pilihan alaf-alat masak uniuk

dipakai, apakah bahan dari tanah liaf aman unfuk digunakan? Proses pembakaran
porna sagn membutuhkan waktn + 15 menit, barn kemudian tepung sagu dimasukan ke
dalam porna. Hanya szja yang harus diperhatikan adalah panas porna tidak boleh terlalu
tinggi, karena akan membuat sagn lempeng yang dihasilkan menjadi gosong!. Makna
“sagu lempeng dipata dua”, masihkah ada nilai itu ditengah masyarakat?

Indonesia peyumbang sampah “sisa makanan” terbesar di dunia, Dibagian negara lain
ada masyarakat vang kelebihan makanan. Sedangkan, terjadi fenomena kekurangan
beras di Malukn Barat Daya. Perobahan bahan makanan pokok dari sagu, jagung dan ubi-
ubian menjadi beras, dapat menyebabkan masyarakat kekurangan bahan pangan
(sumber karbohidrat sebagai sumber energi). Mengapa kita beranggzapan bahwa teman-

i bahan dari sagu adalah orang miskin (kurang

teman yang ki

berada) bila dibandingkan dengan yang makan beras setiap harinya?

Figure 2. Examples of SSI on Student Worksheet

4. CONCLUSION

The conclusion of this study is that the SSI-based
student worksheet for the ‘“rate reaction and

thermochemistry” was declared valid, practical, and
has been applied in the class. The validity is showed
by the expert reviews a term of content, language,
and constructs. Practicability is showed by the results

of the trials in the small group stage (small-scale trial
and small group trial). The result of the
implementation of the SSI-based students' worksheets
has improved the conceptual understanding of senior
high school students on the topics of reaction rate and
thermochemistry. It can be seen from the gain score,
according to the statistical independent sample t-test.
It demonstrates the importance of integrating various
SSI topics for teaching chemistry or other subject
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areas. Different SSI context could retrieve scientific
knowledge from various subject areas to a different
degree. Teachers can also explore and use other
socio-scientific issues from different subjects, for
example, from the course of environmental sciences,
using "wine" and "sexy killer" topics could connect
to scientific knowledge from both the sciences and

the environment.
thermochemistry

rate or
more

Choosing a reaction
topic might generate

knowledge from chemistry. However, if teachers
want to engage the sociology/culture area in arguing
SSils, consumption could be the right choice.
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