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Abstract. This study aims to explore whether Explicit Scientific Inquiry Instruction (ESII) Hybrid Mode
in the context of Socioscientific Issues could improve the students' critical thinking skills. The research
design was a one group pretest-posttest design. The research sample was 31 science eleventh graders
at SMA Mojosari for the academic year 2021/2022. The data was collected using a critical thinking
skills test on Chemical Kinetics which consists of 27 valid questions with a Cronbach Alpha reliability
of 0.756. A paired-samples t-test showed that the Explicit Scientific Inquiry Instruction (ESII) Hybrid
Mode in the Socioscientific Issues context improved students’ critical thinking skills (p = 0.00 < 0.05).
The improvement was strong as its N-gain score was 0.58 (upper—medium category) and d-effect size
was 1.40 (much larger than typical category). This shows that statistically ESII hybrid mode in the
context of SSI can improve students' critical thinking skills. Therefore, this strategy can improve
students’ critical thinking skills in the instruction that allows students to interpret, analyze, explain,
evaluate, and draw conclusions.
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INTRODUCTION social environment in which adequate decision-
The rapid development of information and making is needed [4]. Critical thinking is
communication technology has an impact on defined as the ability tp analyze and evalqate
the pattern of people's lives, including policies everyday life problems in order to make logical
in education. Educational reform emphasizes decisions or arguments. The critical thinking
the development of transferable skills by skills of Indonesian students, especially in
students in facing the challenges of the 21 science Iearnlng, have not been fully achieved
Century so as to produce graduates who are and are categorized as _Iow based on t_he_results
skilled and able to respond to changes in a fast of several survey studies [5]-[9]. This is very
and complex world. In an effort to anticipate concerning, so it is necessary to develop
world changes, Indonesia prepares itself by studt_ents' critical _thlnklng skills to improve the
growing and developing the competencies or quality of education.
skills needed in the 21%t Century, including Scientific inquiry is a learning approach
analytical skills such as critical thinking [1]. that emphasizes the process of discovery like a
The 2013 curriculum emphasizes students' scientist looking for the truth by involving
thinking skills and acts effectively and students' learning experiences so that students'
creatively in the abstract and concrete realm as skills can be trained. Scientific inquiry learning
a development from observing, asking, trying, provides opportunities for students to gain an
processing, presenting, reasoning, and creating understanding of the scientific method to
independently according to their talents and develop critical thinking skills, self-regulation,
interests [2] and understanding of certain topics [10].
Critical thinking is represented as the main Explicit Scientific Inquiry Instructional (ESI)
goal in long-term learning and is a skill that is is a scientific inquiry learning that h_aSJust begn
much needed in the world of work [3] and the developed and has become a learning trend in
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the context of content which is expected to be
able to improve the optimal quality of learning
[11]. ESH practice students to conduct guided
scientific inquiry from understanding scientific
questions, designing investigations, collecting
and analyzing data, and interpreting and
explaining scientific evidence [12]. Scientific
inquiry activities of students such as
experiments in laboratories and the discovery
process have a positive effect on critical
thinking skills because inquiry activities lead
students to acquire concepts independently
through information processing, oral and
written communication, and critical thinking
[13]. ESII consists of six stages of learning such
as orientation, conceptualization, investigation,
argument  construction, validation, and
enrichment [11]. The orientation phase
prepares students to carry out a scientific
investigation by presenting the SSI context and
prior knowledge. The conceptualization phase
provides students with problem statements or
scientific questions related to the concepts to be
studied which can trigger investigation
activities. In the investigation phase, students
conduct scientific inquiries, collect evidence,
collect and process data, draw conclusions, and
interpret results. in the argument construct
phase, students make a short report and explain
the findings of the investigation, in the
validation phase students discuss the level of
validity of their findings through large group
discussions. In the enrichment phase, students
deepen and expand their scientific knowledge
according to the scope of the curriculum using
the relevant SSI context.

Innovative learning requires contexts that
are relevant in everyday life to direct students
to be involved in the learning process in
understanding, reflecting, and creating
meaningful knowledge [14] so that there is no
gap between the abstract concepts students
have and the reality in everyday life. The
context of socio-scientific issues is a means to
contextualize learning and learning approaches
that are wuseful for motivating chemistry
learning and contributing to the development of
student skills. Socioscientific issues context as
the right approach is presented in learning
which brings students to be involved in
discussions or debates [15] which has a positive
effect on critical thinking skills. The
involvement of SSI creates individuals who are
able to make decisions from complex problems,

both factual and conceptual. In other words, the
SSI context trains students to analyze problems,
evaluate sources to be used, and create
solutions because of the interaction between the
three components; educators, students, and the
context of the problem to be solved [16].

The Covid-19 pandemic has shifted face-
to-face learning to online learning to prevent
the very fast transmission of the virus and the
increasing number of cases in Indonesia. WHO
data as of 27 June 2021, Indonesia ranks 17" as
the 20 countries with the highest increase in
cases, especially East Java Province which is
one of the 5 provinces that experienced the
highest increase in cases. The increase in
Covid-19 cases has resulted in the learning
process running less than optimally, so it needs
to be combined with learning modes that are in
accordance with the conditions and needs in the
field. Distance learning is considered less
effective considering the large number of
learning materials. Hybrid learning by utilizing
technology is used as an alternative learning
during the Covid-19 pandemic. Hybrid learning
provides an avenue for academic achievement
in science education [17] and provides a more
engaging and interactive learning environment
[18] by combining face-to-face learning and

online learning that requires an internet
network carried out synchronously or
asynchronous.

The subject matter of chemical kinetics
includes phenomena that can be observed,
analyzed, and concluded such as the effect of
concentration on reaction rates [19][20]. This
topic also covers concepts that can be used to
explain phenomena such as collision and
activation energy theories. In addition, the
concepts of reaction rate are widely applied in
everyday life so that it can be appointed as a
context for studying chemistry related to
controversial social issues in order to attract the
attention of students. Therefore, this subject
matter is interesting to be adopted as research
material involving inquiry, socioscientific
issues, and critical thinking skills. The study
objective is to explore whether ESII Hybrid
Mode using Socioscientific Issues can impact
students' critical thinking.
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METHOD

This study uses a quasi-experiment one
group pretest-posttest research design [21] as
shown in Figure 1.

Post test
- 0O

Treatment
- X

Pre-test
01

Figure 1. One Group Pretes-Posttest Design
Notes:

O:: The initial test is a written test to determine the
initial critical thinking ability of the chemical
Kinetics

X: ESII learning using SSI context mode hybrid

O,: The final test is a written test for critical
thinking skills at the end of the chemical Kinetics

The population of the study was eleventh
graders students of science at SMA Negeri 1
Mojosari in 2021/2022. The sampling
technique is cluster random sampling. The
instrument used is a multiple-choice critical
thinking test with Facione’s indicators [22]:
validated analysis, interpretation, inference,
evaluation, and explanation.

Data analysis of critical thinking ability
used a pair t-test, N-gain score, and Cohens
effect size. A pair t-test was conducted to
determine whether there were differences in
understanding skills before and after
treatment. The t-test was carried out if the
normality and homogeneity tests of the sample
were fulfilled, meaning that the data were
homogeneous and normally distributed. The
normality test used the Kolmogorov-Smirnov
test and the homogeneity test used the Levene
test using SPSS for Windows 23.0 Dependent
Sample t-T-test test program using SPSS 23.0
for Windows at 95% confidence level (o=
0.05). Determination of the N-Gain score aims
to determine the effectiveness of learning
based on the description of the increase in
learning outcomes scores before and after
treatment using SPSS 23.0 for Windows. The
results of N-gain are then interpreted using the
criteria [23] in Table 1.

Table 1 N-Gain Score Criteria

N-Gain Score (g) Criteria
<0.3 Low

03<g<07 Medium
>0.7 High

Cohen’s test effect size to determine the
effectiveness of the treatment by knowing the
effect of treatment on the variables measured.
The criteria for the magnitude of the effect
[24] can be seen in Table 2.

Table 2 N-Gain Score Criteria

Effect size score (d) Criteria
d<0.20 Low
0.20<d<0.50 Medium
0.50<d<0.80 Larger
d>0.80 Much larger

RESULT AND DISCUSSION

Critical thinking skills data were obtained
from the results of the pretest and posttest using
a validated multiple-choice critical thinking test
instrument. The pretest was conducted before
ESII using SSI context mode hybrid learning
while the posttest was conducted after ESII
using SSI context mode hybrid learning. In this
study, learning combines face-to-face meetings
where educators and students conduct direct
learning while online learning is carried out
asynchronously. In face-to-face learning,
students listen to the explanation of the main
concepts by the teacher and conduct
experiments directly, while in asynchronous
learning students listen to video explanations of
material and simple experimental videos and
then make a summary of the material.
Argument validation in asynchronous learning
is done through online discussion.

The critical thinking test instrument uses
critical thinking aspects developed by [22]
including: analysis, interpretation, inference,
explanation, and evaluation. The results of the
normality tests are in Table 3.

Table 3 Normality Test Results

Value Data Sig.
Pre-test 0.065
Posttes 0.127
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Based on Table 3, it is found that the
significance value of the pretest and posttest
data is greater than the significance level of
0.050 which indicates that the data is hormally
distributed. The results of the homogeneity tests
are in Table 4.

Table 4 Homogeneity Test Results

Value Data Sig.
Pretes 0.879
Postes 1.000

Based on Table 4, the data significance
value is greater than the significance level of
0.05 which indicates that the data is
homogeneous. The research data is said to meet
the assumption that it is homogeneous and
normally distributed so that the research
hypothesis test can be carried out using the
paired sample t-test. The paired sample t-test
was conducted to determine the differences in
students' critical thinking before and after
treatment. The results of hypothesis testing can
be seen in Table 5.

Table 5 Hypothesis Test Results

Sig.
Paired sample t-test g

0.00

Based on table 5, the significance value is
smaller than 0.05 which indicates that there is a
significant difference in students' critical
thinking skills before and after learning ESII
using SSI context mode hybrid. This is
supported by the average post-test results of
critical thinking before treatment (X = 27.94)
and after treatment (X = 69.87).

The effectiveness of ESII using SSI
context mode hybrid is known from the
calculation of N-gain score and Cohens effect
size. The results of N-gain score and effect size
Cohen’s tests are in Table 6.

Table 6 N-Gain Score and Effect Size Results

Value Data Score Category
N-Gain 0.5806 Medium
Effect Size 1.400 Much Larger

Based on table 6 shows that ESII using SSI
context learning mode hybrid effectively
improve students' thinking skills.

The effectiveness of ESII using SSI
context mode hybrid on students' critical
thinking skills, one of which is influenced by
the syntax of ESII using the SSI context, which
gives students experience in conducting
scientific inquiry in acquiring scientific
knowledge so that they can construct each
aspect of Facione's critical thinking skills.

The orientation stage is carried out by
presenting several SSI contexts such as
decaying apples, coral reefs, drying salt,
tenderizing meat with papaya leaves, social-
distancing during the Covid-19 pandemic,
alcohol in health and volcanic eruptions. The
orientation stage stimulates curiosity to solve
problems related to the presented SSI context
so that it requires students to carry out scientific
investigations. The existence of SSI helps
students improve critical thinking skills,
especially in the inference aspect by looking for
evidence based on existing issues and
connecting them to obtain a solution in the form
of a scientific argument (make a conclusion) or
a decision. Learning science by involving social
issues allows students to use scientific
knowledge meaningfully to be applied to
decision making in the real world rather than
just learning science facts [25].

Evidence and arguments are important
components of solving problems. However, the
two components cannot be separated from the
concepts (scientific knowledge) that students
must understand first at the conceptualization
stage as a basis for strengthening the argument
with existing evidence. The conceptualization
stage plays an important role in the inquiry
process where students are provided with
mature concepts to make an argument or
decision that can be accounted for after
conducting an investigation. If students have
sufficient knowledge (mature concepts) they
will find it easier to explain properly [26].

The investigative stage can improve
critical thinking skills because students carry
out investigations based on problem statements
that have been made at the orientation stage.
Students conduct an investigation by collecting
some data according to the concepts obtained at
the conceptualization stage. The data that has
been collected will be processed first (students
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perform data analysis and data interpretation)
so that they get a conclusion from the
appropriate evidence (make an inference) from
the problem statement. The conclusions
obtained are in the form of arguments so that
students are able to make scientific
explanations based on evidence/facts and
appropriate concepts.

Conclusions in the form of arguments that
have been obtained must be validated first in
order to obtain the truth of a fact with a more
valid concept through a validation process
involving experts, namely educators (teachers).
In the expert validation process, students make
presentations on the arguments that have been
obtained and other students provide an
assessment of both suggestions and comments
if there is a discrepancy between the arguments
between groups. At this stage students are
trained to evaluate several arguments which
must be accompanied by valid evidence and
data so that credible conclusions can be
obtained. The three stages of ESII using SSI
context mode hybrid include: investigation,
argument formation, and expert validation
which are the core of the critical thinking
formation process because they train critical
thinking skills so that at this stage students must
play an active role in each process. Students'
critical thinking skills can be improved through
a knowledge discovery process that involves
students in searching, collecting, analyzing,
synthesizing, and evaluating information to
create ideas, and solve problems through
student collaboration [27].

The deepening and enrichment stage,
practice students to strengthen critical thinking
skills and deepen their knowledge by
presenting the SSI context with questions
containing critical thinking indicators such as:
analysis, interpretation, inference, evaluation,
explanation. Questions that use critical thinking
indicators can practice students' critical
thinking.

The hybrid mode of ESII using SSI context
is the development of an inquiry learning model
that involves students' activities to conduct
scientific inquiry so that students are more
active in the learning process. Learning is fully
controlled by students while educators act as
motivators, facilitators and directors. Educators
only present the SSI context, encourage
students to provide opinions about the SSI

context, provide solutions if there are obstacles
in the learning process, and direct students'
thinking processes to achieve the expected
goals [28]. Discovery-based practice learning
students to construct the concept of chemical
kinetics critically and independently. ESII
using SSI context has the characteristics of a
learning model that can improve critical
thinking skills, such as emphasizing a scientific
approach (scientific inquiry) by applying
discussion, presentation, and experimental
methods [29]. Learning that involves student
inquiry has an effect on increasing higher-order
thinking skills such as critical thinking [26,30]
in interpreting, analyzing, and explaining skills
[31]. Likewise, if implemented in the context of
SSl, it can improve critical thinking skills [13].

CONCLUSION AND SUGGESTION

The hybrid mode of ESII using SSI context
indeed improved students’ critical thiking skills
in chemical kinetics. Students’ critical thiking
skills was improved with a very large effect size
and upper-medium N-gain. Their critical
thinking skills were significantly improved
from an under-competent level before to a
mastery level after the instruction of chemical
Kinetics. This paper shows that inquiry-based
blended instruction in the context of
socioscientific issues can improve students'
critical thinking skills. We can use this learning
strategy to improve the critical thinking skills
of students who cannot attend school every day.
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