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Abstract: This study aimed to investigate impact the science process skill-based learning on
critical thinking skills of Junior High School students. Subjects were eighth grade students
of Rengel Junior High School 1 that were selected by purposive random sampling.
Measurement data by means of science process skills test and critical thinking skill test was

analyzed by using inferential statistical one-tailed t-test and linear regression. The results
showed that implementation of science process skill-based learning was effective to
improve the critical thinking skill of Junior High School student.
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Introduction

Science learning is an instruction that aims to
direct students in developing epistemological
understanding of science knowledge and the nature of
science (Khalick, 2012). Science is essentially not only as
a mastery of the concept of understanding nature.
Science is more a set of processes that used to build,
expand, and improve knowledge (NRC, 2012). The
science of learning process emphasizes providing direct
learning experiences so that students actively construct
understanding of natural phenomena, concepts, and
principles of science (Hammond, et al., 2019) through
the development of science process skills (Ambross, et
al., 2014).

Science process skills are special skills to simplify
the way of learning science and instill students'
scientific skills (Karamustafaoglu, 2011). Science
process skills defined as the adaptation of the skills that
used by scientists for composing knowledge, thinking
of problems and making conclusions (Karsli & Alipasa,
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2014). The development of science process skills is
closely related to student competencies in achieving
learning goals (Hilman, 2014). The implementation of
science process skills-based learning designed is
expected to lead students to develop the skills needed
in the 21¢t century (Turiman, et al., 2012) to investigate
nature, solve problems and make decisions (Ridho et
al., 2020)

One of the 21st century skills is the critical
thinking skill (Alismail & McGuire, 2015). Critical
thinking is a skill or process that enables students to
gain new knowledge through the process of problem
solving and collaboration (Walker & Finney, 2006). The
critical thinking skill focuses more on the learning
process rather than just the acquisition of knowledge.
The critical thinking skill involves activities, such as
interpreting, analyzing, evaluating, concluding,
explaining the results of his thinking, and how to make
decisions and apply new knowledge (Facione, 2011).
Based on these reasons the development of students'
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critical thinking skills is the main goal in the science
learning process (Zoller, et al., 2000).

Critical thinking as one of the skills that are
widely studied in junior high school (Arslan, 2012).
Critical thinking is used as an ability that plays an
important role and is widely discussed in the world of
education in the last two decades (Demir, et al., 2011).
The critical thinking skill is considered important in the
learning process because it provides opportunities for
students to learn through discovery. Students are
required to have critical thinking skills in order to solve
problems in daily life, become reflective practitioners,
and make decisions based on available evidence
(Pieterse, et al, 2016). Students who have critical
thinking skills are expected to be able to understand
and participate in solving various problems in life and
technology in accordance with the demands of the
times.

The critical thinking skill of Indonesian students
can be categorized to be low. Based on the results of the
study on the Program for International Students
Assesment (PISA) in 2015 showed that the achievement
of Indonesia students in the dimension of scientific
process or skills, concepts and content, context or
application in the field of science is ranked at 64 from
65 countries (OECD, 2018). The low achievement of
Indonesian junior high school students in the PISA test
is due to something. If assumed all human beings are
created equal, the interpretation of this outcome is only
one, namely: that we teach in schools different from the
demands of the times (Rahayu, 2016). Learning in
schools mostly only makes students focus on mastering
the concept of science regardless of the process of
discovery and its relevance and application in daily life.
These conditions make the progress of students '
thinking processes limited, resulting in low student
critical thinking skills (Heong, et al., 2014).

The results of Nuryanti research (2018) through
the use of test instruments developed by Ennis (2011),
also showed that the ability to think critically of junior
high school students was still low. The results of
students critical thinking skills that were categorized
correctly in the aspect of analyzing explanations were
only 27.6%, making decisions 27.6%, inference 6.1%,
making definitions 24.1%, and making logical
predictions 6.8%. Other studies conducted by Nugraha,
et al. (2017) shows that student’s critical thinking skills
are influenced by science process skills by 41.5%. Based
on these results the low ability of students critical
thinking will correlate positively with the untrained of
student’s science process skills. Atkamis & Nilgun
(2010) stated that low student science process skills also
followed low critical thinking skills.

Based on the results of preliminary studies in
several junior high schools in Surabaya using a test

instrument developed by Kazeni (2005) shows that the
science process skills of junior high school students are
still relatively low. The results of student’s science
process skills that were categorized correctly in the
aspect of identifying and controlling variables were
only 10.3%, stating hypotheses 12.5%, operational
definitions 14.6%, graphing and interpreting data
16.7%, and experimental design 6.8%.

In an effort to overcome these problems, it is
necessary to synergize teaching, learning and thinking
by critical thinking and problem-solving through
scientific process in science learning (Suprapto, 2016).
Through the science process skill based learning is
expected to improve students’ critical thinking skills.
The development of science process skills enables
students to acquire the skills needed to solve problems
through scientific methods (Kazeni, 2005). Science
process skill based learning by using adapted syntax
are developed by Khaeruddin (2017): (i) identification
of ideas (the teacher asks questions or issues), (ii)
collaboration (the teacher engages students in study
groups in order to solve a problem or task together to
produce a product), (iii) authentic investigation:
science processes skills (the teacher guides and does
the analysis, interpretation and inference based on data
from group investigation), (iv) class discussion and
presentation (the teacher gives students a chance to
interpret and infer related to the data results of the
group investigation through discussion). This syntax is
specifically designed to practice the science process
skills to improve critical thinking skills

During scientific activities, science process skills
are very closely related to students” cognitive domains
such as critical thinking skills and problem-solving
skills (Ozgelen, 2012). The idea is based on the
constructivist paradigm where during the learning
process students are emphasized to build their own
knowledge through active involvement in the learning
process (Vaithyanathan, & Sivakumar, 2013). Another
theory that supports is the social learning theory. Social
learning  theory  emphasizes observation and
participation with social interaction as a basis for
cognitive development (Arends, 2012).

Based on the explanation above, it is important
to do further research to the critical thinking skill of
Junior High School students through science process
skills based learning. The chase is expected to provide a
meaningful learning experience for students especially
on the aspect of critical thinking skills.

Method

This pre-experimental quantitative study that
used a one-group pretest-posttest design (Fraenkel, et
al., 2012). This method used to investigate impact the
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science process skill-based learning on critical thinking
skills. The population in this study was 221 students of
Rengel Junior High School one-year lesson 2019/2020.
This study was applied to a single group with no
comparative group or control group selected in
purposive random sampling. The classes used are VIII
(B). Learning is done as many as 3 meetings, plus 1
meeting for the pretest, and 1 meeting for the posttest.
The instruments in this study include: 1)
Instruments of treatment: syllabus, learning
implementation plan, and student worksheets, and
student teaching books 2) Measuring instruments are:
the spreadsheet of learning reliability, the written test
of science process skills, and tests of critical thinking
skill. Data collection is done by 1) observation of the
implementation of learning model and 2) pretest-
posttest of science process skills and critical thinking
ability. The implementation value of learning is
adjusted to the criteria in Table 1 below.
Table 1: Learning Implementation Criteria Level

Score Implementation Category
3.25 < score <4.00 Very effective
2.50 < score <3.25 Effective

3.75 < score <£2.50
1.00 < score <£1.75

Quite effective
Not effective

Improved test result science process skills and
critical thinking ability from pretests to posttest
calculated with normalized gain (n-Gain) score. Data
on improving science process skills and critical
thinking skills from pretest to posttest were analyzed
using one-tailed t-test through the SPSS (Statistical
Package for the Social Sciences) program with criteria if
the value of p value (sig./2) > a (= 0.05): there is no
difference in test results before and after treatment (Ho),
and if the p value (sig./2) < a (=0.05) then after the
treatment test results were significantly higher than
before treatment (H;).

The use of one-tailed t-test because the treatment
instrument is designed logically and consistently in
order to improve critical thinking skills so that the
posttest results are believed to be higher than the
results of the pretest. The relationship between science
process skills and critical thinking skills is calculated
using linear regression analysis through the SPSS
program.

Result and Discussion

A. Description of Learning Implementation

The average results of observations of the
implementation of the learning process in the class are
presented in Table 2 below.

Table 2: Results of Learning Process Implementation

Meeting Achievement Score
First 3.50
Second 3.75
Third 3.75
Mean 3.66

Table 2 shows that the average score of learning
accomplishment reached 3.66 are included in the very
effective category.

B. Description of Student Science Process Skill

The assessment of science process skills uses six
essay questions that are adjusted to each indicator.
Science process skills indicators are selected from a
number of basic process skills and integrated process
skills that enable the improvement of critical thinking
skills. The level of students' science process skills for
each indicator is shown in Table 3 below.
Table 3: Test Results of Science Process Skill

Indicator Score Gain
Pretest Posttest score

Formulating hypotheses 37.78 91.11
Ideptlfymg operational 1833 7583
variables 071
Creating tables 17.78 87.78 (H1 h)
Making a chart 1667 7333 &
Interpreting graph 11.11 95.56
Making conclusion 16.67 78.33

Table 3 shows that the average level science
process skills of students after treatment were higher
for each indicator. The data shows that there is an
increase in students' science process skills after
treatment.

C. Description of Student Critical Thinking Skill

The assessment of critical thinking skills uses
three essay questions that are adjusted to each
indicator. Indicators of critical thinking ability are
selected from several indicators developed by Facione
(2011) which are adjusted to the high level of cognitive
and thinking ability level of junior high school
students. The level of student critical thinking skills for
each indicator is shown in Table 4 below.
Table 4: Test Results of Critical Thinking Skill

Indicator Score Gain
Pretest Posttest score
Interpretation 31.67 85.00
Analysis 36.67 83.33 0.72
Inference 26.67 88.33 (High)

Table 4 shows that the average level thinking
skills of the students after the treatment were higher for
each indicator. The data showed that there was an
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increase of students’
treatment.

critical thinking skill after

D. Inferential Analysis of Science Process Skill and
Critical Thinking Skill
Analysis of the results of science process skills
and critical thinking skills were statistically analyzed
using t-test. T test results of pretest-posttest data on
science process skills and students' critical thinking
skills are shown in Table 5.
Table 5: Analysis Results of Pretest-Posttest

Variable Sig.
T-test Science process skill 0.00
one tailed Critical thinking skill 0.00

Table 5 shows that the significance value in the
T-test of the science process skills is 0.00 < 0.05 and the
critical thinking skills is 0.00 < 0.05. Based on the
significance value it can be concluded that after the
treatment test results of science process skill and critical
thinking skill were significantly higher than before
treatment.

Analysis of the relationship between science
process skill and critical thinking skill is performed
using linear regression. The result of the analysis is as
shown in Table 6 below.

Table 6: Analysis regression of relationship

Model (constant) Regression Sig.
Coefficient
Science process skills 0.043 0.00

Table 6 shows that there is a relationship
between critical thinking skill and science process
skill. The result shows that even scores of science
process skill change, it can be estimated that score of
critical thinking skill also changes at 0.043 in the same
direction. Based on the results it is also known that the
value of sig is 0.00 < 0.05, so it can be concluded that
the science process skills significantly influence the
critical thinking skill.

The implementation of science learning based on
science process skills has proven to be effective in
improving the critical thinking skills of junior high
school students. This statement can be proven by the
difference in the ability to think critically based on the
gain score before and after treatment by the science
process based on learning skills still in the high
category. This result is supported by analysis using t-
test which is known that after the treatment test results
of critical thinking skills were significantly higher than
before treatment.

An increasing ability of students' critical thinking
after skill
processes indicated the constructivism learning theory

going through science-based learning
is confirmed that it can improve critical thinking skills.
In constructivist theory, Dagar & Yadav (2016)
assumes that students must construct their own
knowledge individually collectively trough
assimilation, accommodation, and equilibration. Each
student has a conception and skill to construct
knowledge in order to solve real problems. Students

and

are given the opportunity to interact with the
environment to be able to practice their ability to think
related to the concept of information obtained. If
students do not have experiences in the field, the

teacher is responsible for guiding students’
activities,  behavior modeling, and  providing
examples through group discussions to be

meaningful communication about the subject matter.
It also indicates the social learning theory supporting
learning process. This theory emphasizes the cognitive
component of mind, understanding and evaluation
(Nur, 1998). Vygotsky in Woolfolk, et al. (2011), states
that social interaction is an important thing in
learning because it functions high-level mental such
as reasoning, comprehension and critical thinking
that comes from social interaction, which it is
further internalized by individuals. In the interaction
process students are given scaffolding assistance at the
beginning of activities related to complex tasks,
difficult, but realistic (top down instruction) so students
are able to think in the proximal zone to achieve high-
level cognitive functions (Wass, et al., 2011).

In this study, constructivist theory and social
learning theory are organized in learning activities as
models that support theories in improving critical
thinking skills. Each learning phase of students is
required to actively develop their thinking skills either
individually or through social interaction. The
relationship can be explained as follows.

(1) Identification of ideas: this stage students are
required to be able to express their views by giving
arguments to the problems given by the teacher.
Students will apply the ability to analyze and interpret
the observed phenomena because each student has the
conception and skills to build their knowledge in order
to solve real problems (Lunenburg, 2011).

(2) Collaboration: this stage students are involved in
some learning groups where each group is learned in a
working group with student worksheets through
interaction with friends. Students have the opportunity

to discuss, take responsibility, hold opinions or
169
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interpret, and become critical thinkers. Collaborative
learning emphasizes the importance of students'
relationships with others in developing critical thinking
skills (Lai, ER, 2011).

(3) Authentic investigation (science processes skills):
this stage students are involved in groups in doing
student worksheets oriented to science process skills.
Students conduct analysis, interpretation and inference
based on authentic investigation data, so students have
the opportunity to develop thinking skills through the
approach of science process skills and scientific
methods. Ozgelen (2012) explains that learning science
should be carried out to develop thinking skills
through a series of scientific methods including
activities such as formulating problems, designing
experiments, collecting data, analyzing findings,
concluding and communicating. Solihah (2016) states
that during the investigation activities science process
skills and scientific methods will be the driving force of
students' and
concepts.

4) Class discussion and presentation: this stage students
are conducted experiments as listed on student
worksheets in groups, presented the results of the
experiments / observations, and gave a rational
explanation to enhance the answer of other groups.
Students in this case are required to make mutual
interpretations and inferences related to group
investigation results. According to Maesek & Sulaiman
(2012) Processes such as discussion, debating, sharing,
and teaching one another, creates a platform for
students to experience an environment that is
conducive for critical thinking to growth.

Several syntaxes of the above learning activities
as a whole are intended to improve students' critical
thinking skills by focusing on student involvement in
learning and understanding that critical thinking is a
construction and evaluating reasoning (metacognition),
not showing a correct answer or just an opinion. In
addition, in the learning process, students are given the
opportunity to take a role in collaboration, solve
problems and make decisions. Magno (2010) states that,
metacognitive knowledge will bridge students in
controlling their way of thinking to complete difficult
tasks such as interpretation, inference, analysis or
evaluation of arguments as a thought process.

The high involvement of students in practicing
metacognition of critical thinking, because during the
learning process based on science process students can
identify as many as possible the issues that are relevant
to the material, so they can pick one issue and
formulate it in hypothetical form (temporary answer to
the question), besides that the students did the

thinking abilities in finding facts

interpretation and inference related to the result of the
data from the investigation group through the
approach of science process skills and scientific
methods. So, there was an increase in skills in
interpreting and inferring students based on data and
developing self-confidence. Thus, the improvement of
critical thinking skills is significantly related to the
development of students' science process skills.

According to Ozgelen (2012), the development of
science process skills enables students to construct and
solve problems and think critically. This possibility can
occur because the components of critical thinking are
mostly components of science process skills such as
designing experiments, testing hypotheses, stating
hypothesis, predicting, inferring, classifying,
measuring, and observing (Hassard, J., 2005). It is
supported by the result research of Irwanto et al. (2019)
that states that the critical thinking skills can be
developed through the development of science process
skills.

Conclusion

Based on the results of analysis and discussion
showed that implementation of science process skill-
based learning was effective to improve the critical
thinking skill of Junior High School student. This result
carried as the relationship between science process
skills and critical thinking skill. In other words, critical
thinking skill can be developed through the science
process skill-based learning.
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