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ABSTRACT

This research aims to determine the effect of learning methods on participants' logical thinking abilities and learning
outcomes. A quasi-experiment was used with a sample size of 63 grade 7 students from one of the junior high
schools in Ponorogo and treatment for 1 month to achieve this goal. The analytical data used were guestionnaires
before and after treatment, interviews, and pre-test and posi-test summative assessments. The analysis technigue used
is conventional calculations to show the percentage of logical thinking ability with high, medium, and low
categorization. Furthermore, the summative assessment results of the independent T-test and N-gain test with
software analysis and the Coben Size Effect Test aim to measure the effectiveness of the learning method. The results
of the research concluded that the Direct 1earning method applied to the experimental group increased students'
logical thinking abilities on the indicator of making conclusions by 27% and was considered more effective by 14%
compared to the control class which used conventional methods. As an example, the Direct 1earning method based
on the SSI approach to improve students' logical thinking abilities is studied in more depth and applied according to
students' potential. In this case, it will be useful in increasing nnderstanding of science learning.
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INTRODUCTION

The presence of an increasingly unstoppable flow of information and scientific
innovation has positive and negative sides that greatly influence our lives. One of the positive
aspects is the convenience in various aspects of our lives which previously could only be done
manually, but can now be completely automated. However, behind this convenience and
automation, negative effects emerge, such as laziness in learning new things and lack of creativity.
Furthermore, this will affect the quality of human resources. Therefore, it is necessary to provide
efforts and solutions to tackle this issue in order to improve the quality of human resources. in
the process of learning and innovating to discover new things, human resources can think
logically, have high curiosity, access and analyze information, and have several other practical
abilities (Anggraini & Irawan, 2021; Faridah et al., 2023). In line with these objectives, science
learning is present to provide a scientific basis that can be applied by utilizing the surrounding
nature. Natural Science, an acronym for IPA, is one of the learning materials taught at almost
every level of education in Indonesia. It was starting from elementary school to college.
Education is one of the strategic ways to improve the standard of living and human capacity to
address environmental and sustainable development issues and problems (Vilmala et al., 2022).
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Science learning does not only contain theories, concepts, and principles, but science also
teaches about how to learn from nature systematically through the use of empirical methods
combined with critical thinking with the ultimate goal of discovery and a phenomenon that is
based on facts that can support (Panjaitan, 2017; Wedyawati & Lisa, 2019). These results are a
process of science learning that prioritizes learning through direct experience to develop
competencies so that they can understand and explore nature scientifically (Hendrayana, 2017).

Unfortunately in some cases of science learning in Indonesia, students tend to think that
science learning is complex material and quite difficult to understand. Therefore, several learning
methods were developed which were considered more suitable for science learning, such as the
Direct Learning method (Ismail, 2018). Ismail explained that this model is suitable for science
learning because it can develop students related to procedural knowledge and well-structured
declarations. The success of science learning with direct learning methods on students' ability to
think logically has been previously researched and outlined in several scientific journals (e.g.,
Kusumawati, 2016; Puryadi et al., 2016).

Science learning, which is then associated with the Socio Scientific Issues (SSI) approach,
is considered necessary and has great potential as a basis for real learning because it can connect
societal problems with students' exploration of science content (Hernandez-Ramos et al., 2021;
Zarkasih et al., 2023). The SSI approach stimulates learners to develop knowledge and
understanding of concepts but also scientific processes so that it helps in making personal
decisions and participating in the wider community. This approach contains many phenomena,
including vocabulary recognition to contextually and conceptually based knowledge. In its
application in learning, this approach focuses on theory and examines various phenomena, which
are then reinforced with scientific theory to develop students' thinking skills and literacy activities
(Sari et al., 2021).

One of the main goals of science learning is to assist in developing theory and practical
action in the decision-making and actions of advanced societies both technologically and
scientifically. The essence of science can then be used as a basis and basis for implementing
science learning (Friedrichsen et al., 2021; Tursinawati, 2016). The nature of science can help
make the correct arguments and decisions concerning socioscientific issues (Khishfe, 2021).
These two indicators are part of the ability to think logically. Logical thinking is a coherent,
reasonable way of thinking based on specific objective facts (Anggraini & Irawan, 2021; Surat,
2016). The above definition is supported by the opinion of (Annisa & Fatmahanik, 2023;
Faradina & Mukhlis, 2020), which explain that the human ability to integrate or connect learning
with specific events and is based on scientific facts so that they are then able to consciously and
consistently reach conclusions and Decisions are interpreted by the ability to think logically.
Furthermore, logical thinking skills can be developed in evaluating ideas, deepening concrete
information, and developing experiences (Fadiana et al., 2019). There are several indicators of the
ability to think logically, namely starting with the order of thinking, the ability to argue, and
ending with concluding (Anggraini & Irawan, 2021; Annisa & Fatmahanik, 2023). Order in
thinking is the ability where students can mention and be able to analyze facts and various
information that has been obtained related to the phenomenon being analyzed. Learners can plan
the process carried out on facts and information that have been previously analyzed. Students
need to apply the ability to think logically and optimally. This follows the statement that most
students are only able to provide or see a phenomenon without being supported by reasons/facts
that can be validated (Khishfe, 2021).

Previous research (Anggraini & Irawan, 2021; Annisa & Fatmahanik, 2023; Khishfe,
2021) examined the relationship between science learning and logical thinking abilities. Research
conducted by Anggraini et al. (2021) studied the relationship between logical thinking abilities
and secondary school students' understanding of science learning in material with environmental
pollution. The results of the analysis discovered that there are differences in students' level of
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ability, which are in line with the level of ability in logical thinking. Then, some factors can
influence the logical thinking abilities of secondary school students. Annisa et al. (2023) studied
the effectiveness of the STEM-based CTL learning model with the logistical thinking abilities of
high school students. The research results show that this learning model can significantly
improve students' logical thinking abilities. Research conducted by Khrishfe (2020) compared the
impact of a learning context driven by SSI (Socio-Scientific Issues) and a learning context driven by
the NOS conception. This research explains indicators of logical thinking, namely argumentation
skills, which are applied to the treatment and comparison groups. Where both groups used the
process directly as a method in the research carried out. The treatment group results obtained
better results than the comparison group. However, this research needs to explain whether the
ability to argue (in this study, changed to the ability to think logically) can improve students'
understanding or vice versa. However, it has yet to explain the effect of the Direct Learning
method with the SSI approach to improve understanding of science and logical thinking skills.

Unfortunately, this ability is not developed optimally. Logical thinking skills are needed
because they can improve students' learning outcomes in science learning. Science learning
requires analytical skills and complex ways of thinking. Hence, the ability to think logically
becomes one of the abilities that must be applied and developed because it is considered to
improve the academic quality of students. Through learning science materials, students are
trained to develop thinking skills in reasoning, critical thinking, and logical thinking (Anggraini &
Irawan, 2021). In classroom learning activities, the ability to think logically is needed by students,
for example, such as in group discussion activities and problem-solving. In these activities, of
course, an ability is needed to connect everything around it so that it can be understood by logic
and implemented as a means to solve a problem (Fauzan et al., 2020; Sofia et al., 2023). Logic is
associated with an ability to think in drawing final results and conclusions to find reasonable
(logical) answers to a phenomenon encountered (Faradina & Mukhlis, 2020). This research is
essential, considering that the variables used in this study have yet to be widely developed. At the
same time, logical thinking skills are essential to develop in order to be able to balance the
thinking skills of students, especially in science learning. Moreover, science learning itself should
be learning that has actual output, not just theory, to integrate social life with science theory.
Thus, this study aims to explore how science learning with direct learning methods can improve
the logical thinking skills of grade 7 junior high school students in the material Substance and its
Changes.

METHODOLOGY

The dataset used in this research came from a sample of 7th grade junior high school
students registered at SMPN 1 Mlarak, Ponorogo Regency, totaling 63 participants (30 male
students and 33 female students). These participants were divided into two groups: 1) The
Experimental Group consisted of 31 people (15 male students and 16 female students) students
who received direct learning-based science learning. 2) The control group consisted of 32
students (15 men and 17 women) who received science learning based on conventional methods.
The average age of participants was 12 to 13 years.

This study is a quantitative quasi-experimental research and lasted for 1 month, where
participants were given direct learning-based and conventional science learning for four sessions
of 40 minutes per week. Participants in both groups were given one open-ended questionnaire
and a pre-test as an initial step to measure the level of students' understanding of the science
learning to be followed and their logical thinking skills. After that, the experimental group will be
treated with Direct Learning-based science learning, and the control group will be treated with
conventional-based science learning. At the end of the treatment, the teacher will give an open
questionnaire and post-test to measure the learning outcomes and logical thinking skills of the
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participants from the results of the instruments that have been given. All instruments,
questionnaires, and tests used in this study contain material on substances and their changes
combined with SSI aspects and indicators of logical thinking ability. The instrument was
developed with validation by science educators who were then tested on students. The test results
received were then analyzed in depth.

Furthermore, a comparison will be conducted to the results obtained and analyze whether
there are changes that occur in participants before receiving treatment and after receiving
treatment. The research methods used can be seen in Table 1.

Table 1. Quasi-Experimental Quantitative Research Method

Group Pre-test Questioner Treatment Questioner Post-test
Experiment O, O, X O3 Oy
Control O1 O 2 Y O 3 04

Source: (Sugiyono, 2022)

Description:

O,: Giving pre-test before treatment

O,: Administration of questionnaires before treatment
O Administration of questionnaires after treatment
O,: Giving post-test after treatment

X: Direct learning model

Y: Conventional learning model

The questionnaire used is a questionnaire that discusses the context of science learning
and relates it to socio-scientific issues. The questionnaire contains a scenario followed by a series
of questions related to logical thinking indicators (order in thinking, argumentation skills, and
inference) of 5 items that are the same as in the pre-and post-learning questionnaires. This
questionnaire was prepared by considering the descriptors of each indicator of logical thinking
ability, as listed in Table 2 below. Furthermore, the rubric for assessing logical thinking skills is
presented in Table 3.

Table 2. Descriptors of Logical Thinking Indicators

No Indicators Descriptors
1. Order of Mention and analyze the facts/information obtained based on the analyzed phenomenon.
Thinking
2. Argumentative Able to express the scientific steps taken along with logical reasons. Including expressing
Ability logical reasons for the final answer that was not correct.
3. Making Be accountable for all strategic processes to solve a problem and draw conclusions.
Conclusions

Source: (Anggraini & Irawan, 2021)

Table 3. Logical Thinking Ability Assessment Rubric

Point Criteria

4 Able to provide information, procedural, logical reasoning, and Conclusion results from the analyzed
phenomenon correctly.

3 Able to provide information, procedural, logical reasoning, and conclusion results from the analyzed
phenomenon correctly but needs to be completed.

2 Able to provide information and conclusions from the analyzed phenomena but still need to be able to
provide logical, procedural reasons.

1 Able to provide information but less able to provide logical reasons for the procedure and conclusion of the

analyzed phenomenon.

Source: (Santoso & Utomo, 2020)
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After administering the questionnaire, the participants were engaged in individual semi-
structured interviews. The purpose of these interviews was to validate the questionnaire with this
group of participants. A random sample of 20 participants was selected for interviews. Five
participants from each class were interviewed, and another five participants from each class were
selected for post-questionnaire interviews. Different participants were interviewed to avoid the
pre-learning interview influencing patticipants' responses during the post-learning interview.
Interviews lasted 15-30 minutes, and participants were interviewed while completing the
questionnaire. Interviews were recorded and then transcribed verbatim.

At the beginning of the treatment, the teacher gave a pre-test to participants about
substances and their changes. The test was a 5-point description question about initial
understanding, such as the form of substances and the formula for the volume of 3-dimensional
objects. These items support science learning about substances and their changes. Then, at the
end of the treatment, the teacher gave a post-test to students about substances and their changes.
The giving of this test aims to measure the final ability to understand understanding during
science learning. The test is in the form of multiple-choice questions with as many as 20 items
categorized against indicators of logical thinking ability (order of thinking, argumentation ability,
conclusion drawing). Furthermore, the two test results were compared to measure the increase in
students' ability to think logically and understand science learning. The results were also used to
measure the effectiveness of the direct learning model applied to the experimental group on
science learning with substance material, and its changes compared to the conventional learning
model applied to the control group.

Table 4. Learning Topics and Instructions during the Study

Topic Learning Instructions
Week 1 Forms of substances and their Submission of material, filling in LKPD
changes
Week 2 Physical and chemical changes Material delivery, learning module completion, quizzes
Week 3 Density of substance Material delivery, quiz
Week 4 Floating and sinking Material delivery, quiz

Table 4 presents the topics and activities covered during the treatment involving science
learning about substances and their changes taught by teachers for both groups. Both groups
received science learning. However, the participants in the treatment group or experimental
group received direct learning-based science, essentially essential for learners to understand that
scientific knowledge can change or is tentative; scientific knowledge is based on observation or
empirical, and the background influences scientific knowledge and experience, and biases of
scientists are subjective. The reason for choosing these three aspects is that they are like science
learning and are assumed to be aligned with logical thinking skills. Thus, the experimental and
control groups were in the same context. In addition, it should be underlined that the nature of
science, logical thinking skills, and science learning in the socio-scientific scope are an integral
part of the selected science learning topic, namely about substances and their changes. The topic
of substances and their changes is divided into 4 main subchapters, namely the form of
substances and their changes, chemical and physical changes, density of substances, and floating
and sinking.

In the following weeks, the topics of physical and chemical changes are discussed,
accompanied by several SSI events related to the subject matter. The first example discusses an
SSI on global warming, followed by questions on indicators of logical thinking skills (Reasoning,
argumentation, and inference). The second example discusses SSI about combustion events,
followed by questions about the indicators of logical thinking skills. For the SSI-based science
learning, there were additional questions related to the three aspects of science only for the
treatment group and paved the way for a direct and reflective discussion on the nature of science
to the examples mentioned. For example, participants were presented with two perspectives on
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the issue of global warming. Each participant was asked to provide facts from the readings,
arguments, and a plan of action to address the issue of limiting greenhouse gas emissions. For
this example, participants in both the experimental and control groups experienced logical
thinking indicators through written and oral interactions. For the experimental group, there was
additional discussion on how different perspectives on global warming can be generated from the
same data (addressing subjective aspects). There was also a discussion on the role of evidence for
global warming and changes in scientific knowledge about global warming based on new
evidence or new interpretations (addressing empirical and tentative aspects).

Data analysis was conducted in several stages. First, the interviews were transcribed and
analyzed to categorize the patticipants' responses into high, medium, and low ability. Then, the
questionnaires of the interviewed participants were also analyzed to categorize their responses
into high, medium, and low ability. The questionnaire scores obtained were then processed in
Microsoft Excel to assess the percentage of logical thinking ability from the questionnaire results
using the formula (Arifin & Fauziyah, 2021), where the percentage response is obtained by
comparing the number of selected respondents to the total number of respondents and
multiplied by one hundred percent.

To determine how influential the Direct Learning model is on students' level of
understanding, the pretest and post-test results from each group were calculated using a software
analysis application to test the Paired T-test. Analysis of the results of interviews and related
questionnaires is compared to ensure that no differences are found, thereby ensuring the validity
of the questionnaire. Finally, on the test results, an N-gain test was carried out using software
analysis and the Cohen Size Effect test to see the effect of the learning model on students'
understanding of science. The N-gain formula used is as follows (2).

, Spost—S
N _ galn — Post Pre (2)
SMax—Spre
Description:
S = Post-test value

p()St
Sp,. = Pre-test Score

Sy = Ideal Maximum Value

The interpretation of the effectiveness of N-Gain is divided into Effective (>76%), Quite
Effective (56% - 75%), Less Effective (40% - 55%), and Ineffective (<40%) (Hake, 1999). The
analysis for logical thinking follows some guidelines. A phenomenon as a fact is taken as the
initial claim made by the individual. The participant's argument is taken as an argument in favor
of the fact. Concluding is the final step as giving the final results and taking responsibility for the
analysis results. Then, the teacher creates an open discussion for each participant to respond to
other participants. Participants' responses for each component (order of thinking, argumentation
skills, and inference) were categorized according to the rubric described above. First, the different
components of logical thinking were categorized separately. However, some relationships were
sought between the components. For example, conclusions were considered valid when
participants presented clear, logical reasons with the initial argument or at least added some facts
and theories to the initial argument.

RESULT AND DISCUSSION

Improving Students' Understanding of Logical Thinking

Prior to conduct the experiment, most of the two groups had an outline of logical
thinking and applied it to some science material. That is, students' understanding of logical
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thinking is profound. Students deserve where students should be able to connect at least the
material obtained to become facts in solving problems and be able to provide logical arguments
for the situation at hand. After the treatment in the experiment, there was a visible increase in
logical thinking indicators where most students in both groups were able to relate learning
material to the problems encountered and were able to provide logical reasons for the reasons
taken based on the situation at hand. In the results of the data processed, there are value results
marked with a triangle symbol (A) where the symbol marks the difference in percentage
associated with data before and after treatment in experiments from students in both groups that
show logical thinking indicators applied in learning.

In the control participants, the average could think logically by including a maximum of 2
indicators. When given a phenomenon, many of them answered freely without any facts that
could corroborate it. So that only a few students can show logical thinking skills. However, in the
experimental group, the average could think logically by including 3 indicators at once. Only a
few students gave free answers when faced with a phenomenon. They answered by providing at
least one fact that could strengthen their claim to a phenomenon at hand. Comparison Before
and After Treatment. The comparison between the two groups (experimental and control) can
be seen in Figure 1 until Figure 3.

Order of Thinking
100% 95% 90%
80%

60%

. 38% 38%
40% 24%

24%
0,
Ja M Op

Experiment Group Control Group

20%

0%

M Pre-High ® Post-High ®Pre-Medium Post-Medium ™ Pre-Low Post-Low

Figure 1. Percentage Graph of Participants with Order of Thinking Indicator

Argumentative Ability
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10%
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22%
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Figure 2. Percentage Graph of Participants with Argumentative Ability Indicator
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Making Conclusions
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Figure 3. Percentage Graph of Participants with Making Conclusions Indicator

The table has explained the comparison of logical thinking skills according to the
indicators interpreted in the questionnaire results before and after treatment. At the beginning of
the study using the pre-test, the difference between the two groups was similar in the high
categorization of the inference indicator. Participants in both groups draw conclusions that, in
some aspects, are considered less relevant to the aspects made by the teacher. In addition,
students tend not to include or only a tiny part of the facts that can support students' claims
about a phenomenon being studied. An example of a change in the experimental group in the
Conclusion drawing indicator is 70%, with an increase of 27%, compared to the control group,
with only 34%, with an increase of 10%. The following is an example of inference given by
participant S-2A (experimental group), which shows inference supported by related facts, and
compared to S-2B (control group), which shows inference without being given facts that
can support the Conclusion.

Humans can float in seawater because the water in the sea has a greater density of substances
compared to the density of substances in the human body—|[S-2A, inference, Experimental
group, post-questionnaire, sinking and floating].

Humans can float in seawater because seawater is salty water—I|S-2B, inference, Control group,
post-questionnaire, sinking and floating].

In terms of logical thinking ability, students in the two groups had different results in
improving each indicator of logical thinking ability. This is evidenced by the results of interviews
and questionnaires that show an increase in the ability to argue against a phenomenon students
face. This ability in post-treatment, some statements are then supported by logical reasons so that
they can support claims. In some cases in the field, pre-treatment students need more
understanding where students only think about theory without linking it to the case they will face
related to the material they learn or vice versa. This is evidenced by the provision of triggering
questions and perceptions educators ask during pre-treatment. In post-treatment learning, the
results showed that students could apply the theory to the problems related to the material they
had learned and vice versa. This is evidenced by the summative assessment, where several HOTS
questions test students' logical thinking skills. The results obtained are that most learners from
both groups can answer questions correctly and then be able to provide logical reasons for
choosing these answers. The improvement of students' logical thinking skills is evenly distributed
in each sub-chapter of material studied in one month of treatment with educators. So, in the final
results, it is found that there are only a small number of students who have yet to be able to
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develop indicators of logical thinking skills properly, especially statements and arguments that are
supported by logical reasons.

The results of the study showed an increase in the logical thinking ability of students
during science learning with the direct learning method implemented. Although there was also an
increase in science learning with conventional methods, the results varied, and a significant
increase was in the experimental group. This result can be interpreted based on several factors.
First, the success of efforts to improve students' ability to think logically depends on context,
which is supported by previous research (Anggraini & Irawan, 2021; Defni et al., 2022). Second,
learning science with the direct learning method can improve students' ability to develop logical
thinking skills (Afriani, 2018; Selpiyanti, 2022). Other possible explanations for improving logical
thinking skills in understanding science learning of grade 7 junior high school students are as
follows. In the experimental group, there was a significant increase in logical thinking ability with
the help of science learning with the direct learning method. Learners in the experimental class
can provide logical reasons for a phenomenon studied. Students are also able to include scientific
facts to be able to draw conclusions based on the steps that have been undertaken so that the
final results of students' thinking tend to be more logical when compared to students in the
control class.

Changes in Learners' Science Understanding

Similar to the increase in indicators of logical thinking skills in students, students'
understanding of science also increases with the modification of direct learning methods. In
addition, this method is also associated with socio-scientific issues that are contextual to students'
daily lives. This change can be seen from pre-learning conditions that can only understand the
theory, in post-learning students can apply the theory obtained with socio-scientific issues
provided by educators. This assessment is based on the test results packaged in the pre-test and
post-test which then shows the results of the standard deviation and sig value. The processed
data shows the difference in results from before and after treatment from each group.

Comparison Before and After Treatment.
The comparison between the two groups (experimental and control) can be seen in Table 5.

Table 5. Results of Increased Understanding of Science Learning Based on Learning Outcomes

Experiment Group Control Group
Pre Post A Pre Post A
Average 40 67 27 31 54 23
Standard Deviation 13,4 15,7 13,1 18,6

The table has explained the comparison of scientific understanding, which is interpreted
by the results of test scores before and after treatment. At the beginning of the study, using the
pre-test, the difference between the two groups was similar. Participants in both groups needed
an understanding of the prior knowledge that must be possessed before learning about
substances and their changes. After learning was carried out for one month, students experienced
a relatively similar increase in understanding between the experimental group using the Direct
Learning method and the control group using the Conventional method.

Effect of Direct Learning Model

Data on the effectiveness of direct learning is obtained from the interpretation of test
results measured by a software analysis to test the value of the Independent T-Test and N-gain
and calculate the value of the Cohen Effect Size.
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Comparison before and after learning.

As previously explained, students' understanding of science using the Direct Learning
method increases compared to understanding science based only on conventional learning
methods. This is based on students' ability to understand theory and apply it to socio-scientific
problems presented by the teacher. Before learning using the direct learning method was
implemented, both groups (control and experiment) showed an understanding of science that
was limited to theory. Some students need to study material that should be mastered first. After
the implementation of direct learning in the experimental class, students in the experimental class
showed an increase in understanding compared to the control class, which only conducted
conventional-based learning. In the results of the data obtained from the learning outcomes of
the control group, students can arrive at conclusions that differ from each other in a case but
have yet to be followed by logical reasons or facts that can support them. In the experimental
group, students were able to link the socio-scientific issues faced with the theory that the
educator had given. Not stopping there, the majority of students can provide logical reasons, and
some are even able to provide scientific facts that are directly related to the socio-scientific issues
that students are facing so that the experimental class can apply the basis of science learning,
namely being able to behave scientifically and think logically.

The interpretation results using the software analysis application to calculate the
Independent T-Test explain three crucial points in the interpretation: 1) The average learning
outcomes of the experimental group in the Post-test 68 < the control group 54, so descriptively,
there is an increase in learning outcomes. 2) The Sig value of Levene's Test for Equality of
Variances is 0.570 > 0.05, so it can be interpreted that the data variance between the
experimental and control groups is homogeneous. 3) Sig value. (2-tailed) the Equal Variances
Assumed section is 0.002 < 0.05, so it can be concluded that H, is rejected and H, is accepted.
Thus, there is a significant (absolute) difference between the average learning outcomes of
participants between the experimental group and the control group.

Based on the results of the N-gain test calculation in Table 6, the data shows that science
learning with the Direct Learning method has a score of 50% with a minimum score of 24% and
a maximum of 78%. While science learning with conventional methods has an N-gain score of
36% with a minimum score of 2% and a maximum score of 87%. The difference in N-gain
scores shows that 14% is more effective using the Direct Learning method of science learning
than conventional methods. The results show that science learning with the Direct Learning
method applied is considered less effective because it has a score of 50%. Meanwhile, science
learning with conventional methods, with a score of 36%, is considered ineffective. The
assessment applies to this study, which uses substance material and its changes to test the logical
thinking ability of grade 7 students at SMPN 1 Mlarak.

Table 6. The Software Analysis N-gain Test Results

Experiment Group Control Group
Average 50.065 Average 36.146
Minimum 24.39 Minimum 2.35
Maximum 78.26 Maximum 86.96

With a Cohen's dof 0.75 (medium effect size), 77.3% of the experiment group will be
above the mean of the control group (Cohen's U3), 70.8% of the two groups will overlap, and
there is a 70.2% chance that a person picked at random from the experiment group will have a
higher score than a person picked at random from the control group (probability of superiority).
Moreover, to have one more favorable outcome in the experiment group compared to the
control group, we need to treat 3.8 people on average. That means that if there are 100 people in
each group, and we assume that 20 people have favorable outcomes in the control group, then 20
+ 26.3 people in the experiment group will have favorable outcomes.
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Cohen's d: 0.75
(Diff: 11.3)
Control4&——————®Treatment

Outcome

77.3% 70.8% 70.2% 3.80

Cohen's Uz % Qverlap Probability of Superiority Number Needed to Treat

Figure 4. Cohen Size Effect Calculation Results

Based on the illustration in Figure 4, it was found that there were significant differences
in the understanding of science learning in the two groups (experimental and control). The
average value of learning outcomes obtained from the summative assessment states that learning
from the experimental group influences the level of understanding of students in science learning
that is higher than the understanding of science learning in the control group. Furthermore,
learning in the experimental class collaborated with science learning based on socio-scientific
issues that can stimulate students' logical thinking skills. This is supported by previous research
(Khishfe, 2021), which states that students still need a higher understanding of science learning.
Therefore, many statements state that the ability to think logically can guide students in
understanding science learning. However, the opposite is true. This is in line with many studies
that show an increase in science understanding by using several learning approaches to improve
indicators of logical thinking ability (for example, Annisa & Fatmahanik, 2023; Kurniasari et al.,
2018; Triani et al., 2020).

Relationship between Science Learning and Logical Thinking Indicators

There is a relationship between the responses of some students in the experimental group
between increasing science learning outcomes and their logical thinking abilities. The following is
an example of an experimental group student's response that connects science learning with
logical thinking skills. In the first example, a participant from high categorization recognizes the
role of facts in a response and how they can change their position as shown below :

(The phenomenon of the melting of the south pole due to the higher surface
temperature of the earth) Suppose the warmer surface temperature of the earth causes the melting
of the south pole. In that case, we should start to keep the surface temperature of the earth safe
[experimental group, post-questionnaire, context of socio-scientific issues].

In the second example, another learner stated that she would change her argument if
there were new evidence and specifically if "other studies get more facts," as noted in the quote
below:

(Earth's surface temperature affects the melting of the south pole) 17 does not affect it.
However, if there are new facts, my words may support the statement with more logical facts
[experimental group, post-questionnaire, socio-scientific issue context].
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The results of this research showed that the participants from the experimental and
control groups had a significant relationship between improved science learning and logical
thinking ability. The improvement of these results indicates that the two variables influence each
other. This interaction is seen as an influence on the relationship between science learning
comprehension and students' logical thinking ability indicators. Suppose the Direct Learning
method based on the SSI approach to improving students' logical thinking ability is studied more
profoundly and applied according to students' potential. In that case, it will be beneficial in
improving the understanding of science learning.

CONCLUSION

Based on the results of the conducted research, there are three findings and one main
conclusion that students' logical thinking ability increases in both groups. That is also directly
proportional to the understanding of science learning increased in both groups. However, the
group that learned by applying the Direct Learning method had a higher increase in science
understanding and logical thinking skills, especially in conclusion, than the control group. Thus,
the improvement that occurs is influenced by learning motivation, teacher competence, and the
selection of appropriate learning methods. To be concluded, the Direct Learning method with
the SSI approach can improve students' understanding of science and logical thinking abilities. In
subsequent research, researchers provide suggestions regarding the choice of learning methods
adapted to students' abilities. The results of this study show that the Direct Learning method
implemented is less effective for sampled students. Furthermore, also consider the time and
learning agenda so that it is more interesting. With several improvements and this research being
considered, the following research can provide more optimal results.
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