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Abstract

This study aims to determine the implementation of cooperative learning models using type
Student Facilitator and Explaining (SFAE) and the improvement of students' critical-thinking
skills in momentum and impulses topic. We use pre-experiment design, with the one-group
pretest-posttest. The population of this study was class X MIA YAS Bandung with the sample
of class X MIA 2 amounted to 30 students selected by random technique. We use the
observation sheet as the instrument to observe the implementation of teacher and student
activities during the cooperative learning model type SFAE. The essay tests are used to
measure the improvement of students' critical-thinking skills. The results of the study showed
that the implementation of teacher activities was 81% and student activities by 77% in the
good category. Increasing students' critical-thinking skills is the medium category with an
average normalized gain value of 0.63. Based on the results of hypothesis testing using the
paired sample t-test, it was obtained t-count (34.08) > t-table (2.052) which means that Ho was
rejected and Ha was accepted. It was concluded that there was an increase in students' critical-
thinking skills after applying the SFAE type cooperative learning model to the material of
momentum and impulse. Thus, this learning model of type SFAE can be used to improve
students' higher-order thinking skills.
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INTRODUCTION

The development of the 21st century requires students to compete with other students, without
being confined to the geographical boundaries of the country. According to Rotherham &
Williangham (2009) states that a student's success depends on fulfilling 21st-century skills, so
students must learn to have it. The challenge for 21st-century education is to educate students who
live and work in environments that are rich in technology and information. Many universities prepare
their students to fulfill competencies according to workplace demands (Malik et al. 2018a). The
quality of human resources must have various abilities, including the skills of working together,
thinking critically-creatively, understanding various cultures, mastering information technology, and
being able to learn independently so that they can compete in filling the job market. Students need to
be equipped with a variety of life skills, one of which is critical-thinking skills. Critical thinking
includes some cognitive skills, and intellectual dispositions needed to identify, analyze, and evaluate
arguments effectively to find solutions, can formulate and present convincing reasons in supporting
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conclusions and can make rational and appropriate decisions about what is done and believed
(Bassam 2008).

Zohar (2013) said that critical-thinking skills would not develop well without any conscious effort
to develop them during learning. Special exercises and treatments are needed as a solution so that
critical-thinking skills can be achieved. Therefore, it is a challenge for teachers and students to find
effective solutions or ways to develop critical-thinking skills. According to Trilling & Fadel (2009)
states that critical thinking and problem-solving skills can be learned through a variety of inquiry and
problem-solving activities that are trained and developed effectively with meaningful project-based
learning by giving questions and problems.

Critical thinking includes the knowledge of logical inquiry methods and reasoning according to
Glaser in Gregor (2007). Helpern (2014) defines critical thinking as a cognitive skill or strategy to
increase the probability of the desired outcome. This thinking is used to describe results that are
purposeful, reasoned, and directed or directed. Critical-thinking skills can be trained and developed
through classroom learning or laboratory activities (Malik et al. 2018b). So critical thinking is an
active and structured process of thinking in understanding problems, gathering information,
reasoning and arguing to make conclusions and determine decisions that can be trained and
developed in classroom learning and lab activities in the laboratory. Students who can think critically
are not only able to make decisions and solve problems, but they are also able to provide clear
reasons for the decisions or solutions they provide.

Students' critical-thinking skills are still considered low, one of which is due to the lack of
motivation of students to pay attention to physics learning in the classroom. The low level of critical-
thinking skills of students is also indicated by the difficulty in expressing their opinions because they
are not confident with the answers stated. This feeling of insecurity arises because they do not
understand the material of physics, and finally they respond based on their basic knowledge. The
nature of the apathy of students when learning takes place is also one of the factors not developing
the ability to think critically. Learning success is related to critical-thinking skills incoherence as
specialized domain knowledge requires mental thinking activities such as predicting, analyzing,
synthesizing, evaluating, reasoning and so on (Tiruneh et al. 2017).

A learning model that supports the improvement of students' critical-thinking skills needs to be
applied in classroom learning. Based on this, a clear stage of learning model is needed to enable
students to active thinking, ask questions, discuss, and conclude a problem. The teacher can use a
learning model that facilitates students to be actively involved in learning to develop critical-thinking
skills. We can used cooperative learning models with Student Facilitator and Explaining (SFAE)
type. The SFAE learning model is a model involves the activeness of students in the learning process
and invites students to learn to present ideas to other students. This SFAE cooperative learning model
uses small groups with a heterogeneous number of members in each group consisting of 4-5 students
in their learning (Trianto 2007).

The material chosen in this study is material momentum and impulse, it is because of several
considerations, including momentum and impulse material has many applications in daily life and is
still considered difficult by students. Besides, based on previous research (Suryani 2013) revealed
that the critical-thinking skills possessed by students in momentum material and impulses were still
low. It is because of the limited skills of students to form and find other alternatives to solve
problems, the difficulty of students in concluding, and students tend to lack understanding of the
concept when working on the problem.

Several previous studies on the application of the SFAE type cooperative learning model,
including the application of the SFAE model can improve student learning achievement (Novaliana
et al. 2015, Christianti & Azmi, 2014). The research is in line with the research conducted by Wati
(2014) who said that the SFAE learning model could improve the skills of opinion as well as student
achievement. Research conducted by Zain (2013) and Nirsam et al. (2013) revealed that the SFAE
learning model was strongly recommended to be used as a learning innovation because it can
improve student learning outcomes. Research by Rianti & Nulhakim (2017) and Mawarsih et al.
(2014) shows that the SFAE learning model can improve students' conceptual understanding. The
SFAE learning model is effective in increasing student activity and learning achievement (Ariani
2013). Furthermore, the SFAE learning model can improve students' critical-thinking skills and
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problem-solving skills (Muslim 2014). Based on the results of previous studies, the SFAE learning
model can improve learning achievement, learning outcomes, understanding concepts, learning
activities, critical-thinking skills, and student problem-solving skills. The difference between
previous research and novelties from this study is that the SFAE learning model is integrated with
laboratory activities that are expected to improve students' critical-thinking skills of the concept of
momentum and impulse.

RESEARCH METHODOLOGY
Research Design

The research method used was an experimental method with one-group pre-experimental pretest-
posttest type design. This research was conducted in one group of students (experimental group)
without any comparison group (control group). The researcher made the initial measurement (pretest)
of students' critical-thinking skills, then gave the treatment in the form of applying the SFAE model.
The stages of the SFAE model include: 1) conveying the competencies to be achieved, 2)
demonstrating/presenting material, 3) presenting, 4) concluding ideas, 5) explaining the material that
has been delivered, 6) closing and evaluation (Suprijono 2009). The stage of delivering
competencies, the teacher explains the learning objectives, conveys a summary of the contents and
links with the bigger picture of the syllabus. The demonstration stage and presenting the material, the
teacher demonstrates the material to be practiced, and students pay attention. The teacher divides
students into several groups heterogeneously. The teacher explains to students how to design and
practice. Students are asked to do a practicum and record what they already know is related to
material momentum indicators and impulses. The teacher asks students to exchange ideas during
practical work, so they are more confident. In the presentation stage, the teacher gives an opportunity
for students to explain to other students, for example, the results and analysis of the practicum that
has been done. The stage of concluding the idea, the teacher at this stage concludes the results of the
discussion that has been done by the students. The stage of explaining the material, the teacher at this
stage gives reinforcement and realigns the students' perceptions based on the present results that have
been presented. The closing and evaluation stages, the teacher at this stage provides evaluation
guestions as an exercise for students. The implementation of the SFAE model is measured using an
observation sheet filled in by the observer. The data obtained are then analyzed quantitatively and
qualitatively based on observations. The material discussed in this study is momentum and impulse
with the submersion of momentum and impulses, the coefficient of restitution, and the law of
conservation of momentum. The data obtained were then analyzed and interpreted to determine the
achievement of student scores. After being given treatment of the SFAE model, the researchers made
measurements again of students' critical-thinking skills (posttest).

Participant

The population of this study is class X MIA SMA YAS Bandung 2017/2018 school year, which
consists of two classes with a total of 68 students. The sample of this study was class X MIA 2,
which amounted to 30 students selected using a simple random sampling technique.

Research Data

The data in this study were obtained from observation sheet instruments, student worksheets, and
critical-thinking tests. The observation sheet was used to obtain the implementation data of the SFAE
model obtained through observations made by the observers during the learning activities. The
observation sheet uses a Likert scale as the rating scale. Student worksheets are supporting
instruments used at each meeting to train students' critical-thinking skills. The critical-thinking tests
used amounted to seven essay questions that were used to determine the achievement of indicators of
students' critical-thinking skills and the significance of their improvement. Indicators of critical-
thinking skills of students who are trained and developed included interpreting, analyzing,
synthesizing, inferring, explaining, and evaluating (Binkley et al. 2012). Each question of critical-
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thinking skills is tested first and analyzed quantitative. These tests include validity, reliability,
distinguishing power, and the level of difficulty through calculation.

Data Analysis
Analysis of the observation sheet data was done by calculating the percentage of the
implementation of the SFAE type cooperative learning. The results of the analysis are then

interpreted using the learning implementation criteria according to Purwanto (2009) shown in
TABLE 1.

TABLE 1. Criteria for implementation SFAE model learning

Value Range Criteria
<54% Very Less
55% - 59% Less
60% - 75% Medium

76% - 85% Good
86% - 100% Very Good

The implementation of learning was analyzed qualitatively based on the results of observer
comments on the observation sheet that observed the activities of teachers and students during the
SFAE cooperative learning model applied.

Analysis of student worksheet data was done by calculating the percentage of student answers and
interpreted to find out the achievement of scores of students' critical-thinking skills. Student
worksheets are given in each lesson with the SFAE model three times. The criteria for achieving the
scores of students' critical-thinking skills refer to the opinion of Arikunto (2012) shown in TABLE 2.

TABLE 2. Criteria for student achievement

Score Interpretation
30-40 Failed

40 - 55 Less

56 — 65 Enough

66 — 79 Good
80100 Very Good

The improvements of critical-thinking skills were analyzed based on the results of the students'
pretest and posttest. The normalized gain <g> values obtained then interpreted according to the
criteria according to Hake (1998) are shown in TABLE 3.

TABLE 3. Criteria for value of normalized gain <g>

Value of normalized gain <g> Criteria
(<g>) < 0,3 Low

0,7>(<g>)>0,3 Medium
(<g>)>0,7 High

The normality test and hypothesis test do the procedure adopted in hypothesis testing. The
normality test is carried out by using the Liliefors test with a significance level (o) of 5%. Then test
the hypothesis using paired sample t-test for normally distributed data and the Wilcoxon test for data
that are abnormally distributed with o of 5%.
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RESULTS AND DISCUSSION
Implementation of SFAE Model Learning
The application of the SFAE type cooperative learning model is a treatment given to improve
students' critical-thinking skills in material momentum and impulses. The treatment was given three

times. The results of the observation sheet analysis on the average implementation of teacher and
student activities at each stage of the SFAE model as a whole can be seen in TABLE 4.

TABLE 4. Analysis of the implementation of SFAE model with an observation sheet

No. The phase of SFAE The average percentage of implementation

model Teacher activity (%)  Criteria  Student activity (%)  Criteria
1 Introduction 82 Good 80 Good
2 Delivering competence 82 Good 80 Good
3 Demonstrating 81 Good 81 Medium
4 Presenting 75 Medium 70 Medium
5 Concluding 80 Good 78 Good
6 Explaining material 84 Good 73 Good
7 Closing 82 Good 80 Good

Average 81 Good 77 Good

The average percentage of teacher activity implementation is 81% including good criteria and
student activities at 77% including good criteria. The stage of explaining the material on teacher
activities is included in the highest criteria with the percentage of implementation being 84%
including the criteria for good. The lowest teacher activity occurs at the present stage of 75%
including the medium criteria. The highest stage in student activity occurs at the demonstration stage
of 81% including the criteria of good. The lowest student activity is the same as teacher activity
occurs at the presentation stage by 70% including the criteria for being.

The presentation is the lowest stage in the activities of teachers and students. Students at the
presentation stage are required to be able to convey the material they have learned and do with the
group. The reason for the low stage of presentation is because students lack the confidence to present
the results of group discussions, and the teacher is forced to ask several students to come forward
with a presentation. Students who pay less attention to the teacher's explanation cause them to lack
confidence in understanding the material, so students are reluctant to present. It is by the statement of
Utami & Naryatmojo (2016) that the usual weakness when making presentations is that the presenter
(students) is hesitant and lacks confidence in delivering the material because the presenter (student)
has not mastered the material to be presented.

The teacher's activity with the highest score is based on the average results of the analysis of each
meeting at the stage of explaining the material. That is because the teacher is accustomed to
explaining the material in front of the class and can attract students' attention to understand the
material being studied. The opinion of Kustijono (2011) the skills of teachers in explaining the
material determines the level of understanding of students. The demonstration stage is the highest
stage that occurs in student activities. Students at this stage in addition to paying attention to the
demonstrations conducted by the teacher also do activity laboratory in groups. The SFAE learning
model provides opportunities for students to be actively involved in learning both individually and in
groups (Suprijono 2009).

Based on observations made by observers on the implementation of the SFAE model, this model
can directly involve students as facilitators for other students so that they can improve students'
critical-thinking skills. The strength of the SFAE model is that it can broaden the horizons of students
through activities to exchange information, opinions, and experiences and encourage the growth and
development of students' critical-thinking potential optimally. Prasetya (2015) said that the SFAE
learning model had the advantages of being able to train students to be active, creative and critical in
dealing with every problem. Also, it can increase students' ability to exchange opinions objectively
and rationally to find the truth in group member cooperation. In addition to the advantages that have
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been mentioned, the SFAE learning model also has the disadvantage that students rely on each other,
students who are lazy give up part of their work to active students and lazy students remain passive in
their groups. Students who are lazy do not want to discuss and presentations because they feel they
cannot or are embarrassed. The SFAE model has a weakness that is individual judgment is difficult
because it is hidden behind the group and if there is negative competition, the results of the work are
not satisfactory so that the group's efforts can be categorized as failed (Prasetya 2015).

Student's Critical-Thinking Skills (CTS)

The results of the analysis of student worksheets to train students' critical-thinking skills can be
seen in TABLE 5.

TABLE 5. Analysis of the critical-thinking skills of students with an observation sheet

No. An indicator of critical-thinking skills Average Interpretation

1 Interpreting 63.3 Enough

2 Analyzing 65.5 Enough

3 Inference 70.3 Good

4 Synthesize 56.3 Enough

5 Explaining 71.6 Good

6 Evaluating 61.3 Enough
Average 64.7 Enough

Based on the results of the analysis of the student worksheet as a whole the average critical-
thinking skill of students amounted to 64.7 including sufficient categories. The average indicator of
the highest critical-thinking skills occurs in the indicator explaining that 71.6 are included in the good
category while the lowest in the synthesizing indicator is 56.3 including the sufficient category.

The improvement students' critical-thinking skill (CTS) on each indicator based on the test results
is shown in TABLE 6.

TABLE 6. The value of normalized gain for each indicator of critical thinking skills

No. Indicator of CTS Pretest Posttest Normalized gain  Interpretation
1 Interpreting 31 74 0.62 Medium
2 Analyzing 33 75 0.63 Medium
3 Inference 28 76 0.67 Medium
4 Synthesize 25 68 0.57 Medium
5 Explaining 34 79 0.68 Medium
6 Evaluating 29 71 0.59 Medium

Students' critical-thinking skills of each indicator have increased and are included in the criteria of
being. The highest increase in the indicator explained are 0.68 included the medium criteria. The
synthesizing indicator has the lowest increase of 0.57 including the medium criteria.

The highest improvement of critical-thinking skills occurred in the indicators explained. This
result is based on the data from the student worksheet which shows the indicator explaining the
highest results compared to the other indicators. It caused students have become accustomed to
explaining the material and applying it to laboratory activities and group discussions. The results of
this study reinforce previous research, learning that is integrated with practical activities can improve
indicators explaining those who achieve the highest improvement compared to other indicators of
critical-thinking skills (Malik et al. 2018c).

The lowest indicator of critical-thinking skills occurs in the synthesis indicator and is included in
the medium category. It is because the synthesis indicator requires students to be able to associate
and combine various ideas or arguments to be able to solve a problem related to material momentum
and impulses. Although the synthesis indicators have been trained and developed at each meeting
through student worksheets, the improvement in this indicator is still not optimal. These results
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reinforce previous research, indicators of synthesis still need to be improved compared to other
indicators of critical-thinking skills (Setiawan et al. 2018).

The Increase students' critical-thinking skills at each of sub-material of momentum and impulse
are shown in TABLE 7.

TABLE 7. The normalized gain value for each sub-material of momentum and impulse

No. Sub material Pretest Posttest N-Gain  Criteria
1 Momentum and Impulse 34 79 0.68 Medium
2 Restitution coefficient 26 70 0.59 Medium
3 Law of conservation of 30 73 0.61 Medium

momentum
Average 30 74 0.63 Medium

Students' critical-thinking skills in each sub-material of momentum and impulse increased and
included the criteria of being. The highest increase in the momentum and impulse submersion of 0.68
is included in the medium criteria. Sub material for the coefficient of restitution experienced the
lowest increase of 0.59 including the criteria for being.

The SFAE learning model provides opportunities for students to engage in learning and develop
their thinking skills actively. This is consistent with the opinion of Suprijono (2009), the SFAE
model involves students directly as facilitators for other students in improving learning outcomes.
Although applied in various sub-material of momentum and impulses, the SFAE model can still
improve students' critical-thinking skills. The SFAE learning model trains students to present ideas or
opinions to other students through a chart/concept map related to the material being studied.

Based on the results of data analysis, there is an increase in students' critical-thinking skills on
each sub-material at each meeting. Student worksheets can train and develop students' critical-
thinking skills; this is because students are conditioned to learn in groups and issue ideas, both in the
form of questions and answers to be able to solve a problem. Komaria (2015) suggests that the
development of the right learning model aims to create learning so that students are enabled to learn
actively and pleasantly. Students who are actively involved in learning show that they can learn and
construct knowledge not only receive information.

Based on the results of the analysis of the pretest and posttest scores, the improvement of students'
critical-thinking skills can be seen through the average normalized gain (<g>) values shown in
TABLE 8.

TABLE 8. Improving students’ critical-thinking skills

Pretest Posttest Normel_llzed Criteria
Gain
Amount 968 2245 .
Average 30 74 0,63 Medium

There is an increase in students' critical-thinking skills after the SFAE model is applied to
momentum and impulse material with an average N-Gain of 0.63 including the medium category. It
can be seen from the average score on the pretest and posttest of students who have increased.

Hypothesis testing is used to determine the significance of improving students' critical-thinking
skills. The procedure adopted in hypothesis testing consists of a normality test and a hypothesis test.
The results of the normality test for the pretest and posttest data were carried out using the liliefors
tests. The calculation results show data of Lcount pretest (0.117) < Ltable (0.161) with a significance
level (a) of 5% and posttest data is known Lcount (0.159) < Ltable (0.161) with a of 5%. Based on
these results it can be concluded that the data is normally distributed and the hypothesis test used is
paired sample t-test. Hypothesis test results show that tcount > ttable with tcount = 34.8 and ttable =
2.052 for a. = 5%, so it can be concluded that there is an effect of the application of the SFAE model
on improving students' critical-thinking skills in momentum and impulse material. The improvement
of students' critical-thinking skills is in line with the research conducted by Setiawan (2017) which
states that the SFAE learning model can improve students’ critical-thinking skills.
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Based on this research, there are limitations should be considered when making discourses and
arguments for measuring students' critical-thinking skills. The discourse and the arguments presented
must include limited contextual daily events. Critical thinking requires perseverance to test beliefs or
ideas and search for evidence that supports these ideas to produce conclusions or appropriate actions
to be decided (Gregor 2007).

CONCLUSIONS

Based on the results of the study, the implementation of the SFAE learning model at each meeting
was carried out well. The percentage of implementation for teacher activities was 81% including
good categories, and the percentage of student activity implementation was 77% including good
categories — improvement of students' critical-thinking skills in material momentum and impulse
after the implementation of the SFAE learning model, including the medium category with an
average normalized gain (N-gain) of 0.63. The SFAE learning model consists of five stages in which
each stage allows students to think skillfully to be trained and developed. The relationship between
the stages of the SFAE model with students' critical-thinking skills in the momentum and impulse
material includes 1. The teacher's activity at the demonstration stage can train students' ability to
analyze information in the background of an argument/opinion/claim. Teacher activity directs
students to discuss with their group friends to discuss the advantages and disadvantages of solutions
or conclusions to be taken can train the ability of interpretation to determine the meaning of an
arguments/opinions/claims accordingly, the ability to synthesize to link information with
arguments/opinions/claims which is relevant, ability to explain to raise clarification questions related
to the arguments/opinions/claims that are appropriate and the ability to evaluate to express the
strengths and weaknesses of ideas/arguments related to solving a problem. The teacher's activity
concludes the ideas/opinions of students can train their ability to make conclusions appropriately
according to the context of the problem that must be resolved. Students' critical-thinking skills in
synthesizing indicators need to be optimally improved one of the ways students are trained to be
skillful at combine various related concepts to be competent to solve a contextual problem.
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