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Abstract

Critical thinking skills are important to practice early on in elementary school.
It is believed that STEM based education could trigger the students to more
critical. Individuals who have critical thinking skills will be able to
communicate well. Many research results show that critical thinking skills can
be stimulated by applying project-based learning in class. This research aims to
describe critical thinking skills based on communication skills by using STEM-
based Project-Based Learning. The research is a mixed-methods study. The
population of this research consisted of fifth graders of Public Primary School 3
Pakis. The research instruments used were critical thinking skills tests,
communication skills questionnaires and interview guidelines. The quantitative
data was selected by purposive sampling technique. The qualitative data was
based on the communication skills levels: high, moderate, and low. Based on
the triangulation data it shows that students with high critical thinking skills
reached the aspect of analyzing arguments; the moderate level could achieved
simple aspects of explanation; while the lower level critical thinker only
reaches the aspect of focusing questions. The STEM approach applied in
project-based learning is able to encourage students to be able to communicate
verbally and improve their critical thinking skills in solving problems.
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INTRODUCTION

In education, the direct training and
development process of human resources will be
useful to internalize the required skills in this
century (Ongardwanich, Kanjanawasee, &
Tuipae, 2015). One of the aspects is critical
thinking skills to respond to various learning
evaluation problems engaged by students. Thus,
it helps students succeed in achieving their
educational objectives.

Critical thinking skills in learning is
important for students to connect concept and
materials so they could understand and solve
problems in the class orderly and correctly
(Wijayanti, Pudjawan, & Margunayasa, 2015).
Students are considered able to think critically if
they meet the indicators, such as (1) analyzing
the argument, (2) focusing on questions, (3)
asking and answering questions, (4) creating and
the 5)
providing a simple explanation, (6) concluding,

determining consideration result,
and (7) examining the similarities and drawing a
conclusion (Ennis, 2011).

Learning with PjBL learning models can
improve students' critical thinking skills
(Mutakinati, Anwari, & Kumano. 2018). In line
with this research from Hartini (2017), it shows
that PjBL can increase 65% of students' critical
thinking skills. The increase in results is due to a
new learning model that makes students more
intense in participating in learning. Meanwhile,
according to Lestari, Astuti, & Darsono, (2018)
learning with the STEM-based Project approach
is able to provide effective improvements for
students. The STEM approach can improve
student learning outcomes even though research
requires 8 learning meetings for one material
(Siregar, Rachmadtullah, Pohan, & Zulela
2019). Therefore, in this study the researcher
combined the PjBL model with the STEM
approach which became the PjBL-STEM based
on the results of previous studies that were
proven to be able to improve critical thinking
skills.

PISA results in 2018 for scientific skills
placed Indonesia in the 70™ rank with score 396
from the whole average score, 489, from 78

countries. It shows that Indonesia still has low
scientific skills. Therefore, more innovative and
stimulating learning models were needed to
improve the scientific skills. One of them is
Science, Technology, Engineering, Mathematics
based Project Based Learning (STEM-PjBL).

STEM-P]BL is a learning process that
combines Project-Based Learning (PjBL) and the
Scientific, Technology, Engineering, and
Mathematics Approach. The implementation of
PjBL is recommended by the government based
on the applied curriculum. PjBL is defined as
monitored learning that its problem-solving
process is based on scientific investigation
methods. Thus, students are encouraged to learn
through  their
with their
obtained concept (Gandi, Haryani, & Setiawan,
2019).

The wuse of the STEM approach,
according to Becker, & Park (2011), could
provide a positive influence and improve the
that, the

implementation of the STEM approach, by era

concepts and  principles

explanations and to construct

learning  outcomes.  Besides
development, it demands students to master 4C

skills. They are -creativity, critical thinking,

collaboration, and communication
(Jauhariyyah, = Suwono, & Ibrohim, 2017)
Therefore, the STEM-based Project-Based

Learning in this research is a combination of
problems correlated to STEM skills. It is created
as a project in the students' critical thinking skills
problems in learning. Han, Capraro, & Capraro
(2015), stated that students are demanded to
complete real problems in a group.

In the STEM approach,
communication skills. Communication skills is

there is a

the most basic skills to master by individuals by
the time of the physical development and the
mental growth for human (Nugroho &
Nurcahyo, 2018). An excellent communication
skills could improve the students’ spirits in
learning and discipline to solve high order
thinking learning problems for students
(Rochmawati, & Ridlo, 2019).

Besides, low learning outcomes are caused by a

Wiyanto,

lack of confidence and information owned by
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students to discuss (Purvis, Neill, & Sutherland,
2014).

Based on the background mentioned, the
problem formulation for this study are (1) is the
STEM-based Project-Based Learning effective to
improve students’ critical thinking? (2) is their
improvement of the critical thinking skills after
the learning, and (3) how the description of the
students' skills
communication skills is. This research aims to
find out the STEM-based PjBL effectiveness and
analyze the students’ critical thinking skills

critical thinking based on

based on the students’ communication skills in
Science.

METHODS

This study was a mixed-methods research
with sequential explanatory type by combining
quantitative and qualitative researches. Mixed-
methods is as procedure to collect, analyze, and
combine both quantitative and qualitative
methods into a research or series of researches to
understand the problem. First stage conducted in
this study are quantitative data collection and
analysis. The quantitative design applies one
group pretest-posttest with the STEM-based
Project-Based Learning under human respiratory
system topic. The qualitative research focuses on
eliciting information and describing critical
thinking skills based on the students'
communication skills.

This research was conducted at Public
Primary School Pakis 3, in the odd semester of

Academic Year 2019/2020. The population
were consisted of 34-fifth graders. The research
samples of the quantitative method apply a
saturated sample. It means all population were
taken as the samples. Meanwhile, the qualitative
study samples applies purposive sampling by
considering each group category of the student
skills, started from high,
moderate, and low level.

communication

The applied research instruments Ww
communication skills questioners and critical
thinking skills tests. The type of critical thinking
test was essay test that combined by STEM with
seven indicator. The indicators employed were
(1) Focusing on questions, (2) Analyzing
arguments, (3) Asking and answering questions,
(4) Simple explanations, (5) Making and
determining the results of considerations, (6)
make conclusions, (7) Testing conclusions.
There are 5 number of question in test. To
analyze the initial and final data, the N-gain test
was applied. In the analysis stage of the
qualitative research data, it applies data

reduction, display, and conclusion.

RESULTS AND DISCUSSION

The results of the research with the PjBL-
STEM shown in Figure 1. STEM approach is
the steps in making the project. Students in
group were asked to used recycled material and
then processed them into a product as a learning
related to the respiratory

media system

Figure 1. Respiratory system produced by students in the PjJBL-STEM learning model
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Aspects of the STEM approach include
student product outcomes that are preceded by
Science (S) in the form of material taught is
science then Technology (T) in the form of
utilizing used goods to be used as the next
project for Engineering (E) seen during the
process of making the project and finally
Mathematics (M) which can be seen and can be

Table 1. The CTST Statistics Description

explained by students of systemic project made
whether it is in accordance with the initial
description of the respiratory system or not. On
the learning outcomes of PjBL-STEM the
students are then given posttest to produce the
description of the critical thinking skills test
(CTST) results of the students is shown in
Table 1.

Descriptive Statistics Pretest Post-test
Numbers of the Students 34 34
Average Score 67.2 80.4
Numbers of the students that have mastered. 18 31

The mastery percentage. 52.9% 91.1%

From Table 1, it shows that the average
achievement and mastery of the students in
both pretest and post-test of the CTST
descriptively improve. Then, to find out the
effectiveness of the STEM-based PjBL,
hypothesis test was carried out.

a

In the hypothesis test about the average
mastery, it uses the post-test data obtained from

t_oune. It is 6.805 with a significant level of
5% and dk = 34. It is obtained L e equal to
2.032. Because the score is Leount = Li1—a),ak

, it denies Hy. It means the average scores of

the students' critical thinking skills taught by
STEM-based PjBL are higher than 75. The
hypothesis test is about the students' critical
thinking skills mastery classically in the class
taught by STEM-based PjBL.

The test applied a two-tailed test by
looking at the z-count score. Based on the

calculation, it is obtained £, gun: = 2.154.
Meanwhile, the Z_.;p;s obtains a score of

0.174. Thus, Hy is accepted.

critical thinking skills of students taught by
STEM-based PjBL higher than 75%.
Meanwhile, in the N-gain test by using pretest

It means the

is

and post-test data, it obtains N-Gain score 0.41.

It is categorized as a moderate improvement.
Based on the data analysis, the STEM-

based PjBL shows that (1) the students' critical
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thinking skills average reaches higher than 75,
(2) the classical mastery of the students' critical
thinking skills taught by STEM-based PjBL is
higher than 75%, and (3) there is improvement
after the students were intervened by STEM-
based PjBL. Therefore, those three results
could be used as indicators of STEM-based
PjBL in Science course for the fifth graders of
the primary school. It is proven effective to
improve their critical thinking skills.

Based on the data, it shows that STEM-
based PjBL is effective in improving the critical
thinking of students. It is in line with research
that STEM-based learning approach could
improve the critical thinking skills of the
students than conventional learning
(Khoiriyah, Abdurrahman, & Wahyudi, 2018).
It was also supported by Asri (2018) that the
STEM approach in learning improves the
critical thinking skills of students.

Project Based Learning (PjBL) facilitated
understanding the concept of the students, so
they would confident for tested the products
they made in the group and presented it in the
class (Nugraha, 2018). PjBL and cooperative

learning  could  support the STEM
implementation in science learning (Afriana,
Permanasari, & Fitriani, 2016). Gand;,

Haryani, & Setiawan (2019) revealed that
STEM-based
effective to improve students' critical thinking
skills.

Project-Based  Learning is
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Another study conducted by Prasadi &
Suharini (2020) found that the STEM approach
could improved learning communication. The
STEM integrated PjBL model has positive
responses from the students to scientific
literature, creativity, and problem-solving skills.
The learning outcomes in STEM integrated
PjBL were better than that of the control group
and were effective to apply (Lutfi, Ismail, &
Azis, 2017). The STEM-based Project-Based
Learning could improve the average on the
students’ critical thinking skills (Haryanti &
Suwarma, 2018). The improvement of the
critical thinking skills is in line with a study
conducted by Lestari and Sumarti (2018). They
stated that STEM-based Project-Based
Learning could provide students with high-
order and creative problem-solving experience.
The improvement in dealing with the learning
is also emphasized by Purwanti (2015) that
students' critical thinking skills will be high

when they learn enjoyably.

Meanwhile, the improvements in the
students' critical thinking skills were limited to
the
enthusiastic about learning new things. They

lowest category because they were
could also interact in the learning because of
the group. However, due to the limited
numbers of meetings, they made students
difficult to adapt (Rochmad & Ulinnuha,
2020). Therefore, the new learning model
applied requires a long time in order to get a
high increase. Based on the series of research in
STEM approach and PjBL model, it can be
concluded that STEM-based Project-Based
theoretically
thinking and
communication skills of students.

Learning  empirically and

effectively improve critical

In this study, students have grouped by
their critical thinking skills based on their
communication skills. The data is presented in

Table2.

Table 2. The Grouping based on Communication Skills

Categories Numbers of the Students Percentage (%)
High 6 18
Moderate 22 64
Low 6 18

The Critical Thinking Skills of students with
High Communication Skills Category

The subject with critical thinking skills in
high communication skills

the category

perform various critical thinking skills test
results. This is proved by the results of the high
communication category subjects' work in
Figure 2.

11. Andriana suka menyayi di sekolah, ia sering menjadi anggota paduan suara di sekolan.

Ketika ia berlatih bernyayi dengan anggota paduan suara, dia menggunakan pernapasan

perut.

Mengapa kebanyakan penyayi

sering menggunakan pernapasan perut

dibandingkan menggunakan pernapasan dada? Berikan alasanmu dengan jelas!

~RerNARASAN....LeLuk =DIAECa gm’d

Jawab

p.e(mapa.san.cbam;..amt.maE...tu\ang.ﬁu;.uk,.gadcme@ayi..i.l;.u_.m.enggunaKé?“
pernapdsan.diafragma..biar.dapat. Meagatul. PecnApPALA. sadk Menyay

Figure 2. Critical Thinking Ability Test results from high communication category subjects.

Figure 2 shows that in communication
category, students were able to answer with
skills
communication skills, the question discusses

critical thinking based on high

about a singer who use abdominal breathing
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rather than chest breathing. Basically, a singer
prefers to wuse abdominal breathing or
diaphragm because it can regulate breathing
when singing to breathe more air and make

breathing hard, thus making the diaphragm
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stronger and more beautiful sounds. If she use
chest breathing the mechanism of breathing
air when breathing cannot be properly
regulated because it uses muscles between the
ribs.

In the Figure 2, students’ critical
thinking skills with high communication skills
category can answer the question and fulfil all
indicators of critical thinking skills, although
there are deficiencies in the aspects of making
and  determining the  outcome  of
consideration. Based on observations from
students with high skills in the picture above,
it was found that students can achieve all of
the indicators, it was corroborated by footage
of interviews with the following subjects.

P : Why do you answer like that?

S-22 Because 1 also practice singing,
and I feel if singing is the breath
that is used is the stomach, and I
used to make assignments from
the teacher via a used bottle from
the stomach if the breathing is
diaphragm.

From the results of the interview,
students with high skills answer because they
practice breathing while singing, therefore
the

interviews about the answers students can

from results of observations and
already think critically according to indicators
one of them by practicing and learning PjBL-
STEM also helps students in understanding
Indicator (a) focusing the

question on the figure the student can answer

the material.

"abdominal breathing = diaphragm", the

The Critical Thinking Skills of Students in
Moderate Communication Skills Category
The subject with critical thinking skills
in the skills
category were the most dominant. It shows
different results of critical thinking skills test.

moderate communication

There were several of them having high
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student is already focusing on the goal which
is answering the question about using
abdominal breathing. Indicator (b) in the
aspect of analyzing arguments, student can
answer two differences in diaphragmatic
breathing and what abdomen and organs are
used. Indicator (c) the aspects of asking and
answering questions, the answer was correct
and focus on the questions given. Indicator
(d) provide a simple explanation, student can
determine the proper breathing used by a
singer, namely by breathing the stomach and
its reasons; while in indicator (e) on making
and determining the results of consideration,
student

can answer diaphragmatic breathing,
even though without explaining the meaning
of chest breathing. Indicator (f) on the aspect
of make conclusions and (g) testing their
conclusions, student was able to answer
appropriately that is the answer to the use of
breathing the stomach can result in being able
to regulate the singer when singing.

From the results in the
communication skills with high category, it

student’

was found that student could solve all critical
thinking skills questions excellently. It is in
line with Arviani & Fajriyah (2018), stating
that if the students’ communications are high,
then the learning outcomes will be better.
Iman, Isnaeni, & Ellianawati (2020) stated
that the students' communication skills will
be better by promoting technology-based
learning under 21st-century development.

scores in critical thinking indicator while the
In the
moderate communication skills category,
subjects with the lowest and the highest
critical thinking skills scores were selected.

others were having low scores.

This was indicated by the results of the
subject's work in Figure 3.
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11. Andriana suka menyayi di sekolah, ia sering menjadi anggota paduan suara di sekolah.

Ketika ia berlatih bernyayi dengan anggota paduan suara, dia menggunakan pernapasan

perut. Mengapa kebanyakan penyayi

sering menggunakan pernapasan perut

dibandingkan menggunakan pernapasan dada? Berikan alasanmu dengan jelas!
Jawaban:..EQQO?DQ..S'.QJJ...R{Z.KLJI..m.emgaum%m.S\iQF!.TC&ij{.M.Ui'W

Me
Y N

Figure 3. Critical Thinking Ability Test results from moderate communication category subjects.

In Figure 3, information was obtained
that students with critical thinking skills in the
category of moderate communication skills
could answer a problem of critical thinking
skills, although there are deficiencies in the
analyzing
the

aspects of focusing questions,

arguments, making and determining
outcome of consideration.

Based on observations from students with
the moderate skills in the picture above it is
found that students

indicators, namely asking

can achieve several
and answering
questions, Making and determining the results of
considerations, simple explanation, drawing
conclusions, testing similarities and conclusions,
it was corroborated by the following interview

excerpts from the subject.

P : According to you, how is the
breathing of the abdominal and
chest breathing?

S-20 Abdominal breathing uses muscles
between the ribs, for chest

breathing using a diaphragm.

From the results of the interview, students
with the skill of moderate answered because the
students 'understanding when explained was not
paying attention well. Therefore, the results of
observations and interviews about students'
answers were able to think critically from several
indicators one of them by asking and answering
questions in PjBL learning -STEM also helps
students understand the material.

The moderator level of communication of
student provided the details on indicators (a)
focusing the question on the Figure 3 of the
student is not quite right in answering "chest

breathing = muscle between the ribs" which
should be "abdominal breathing = diaphragm".
It made student less focused on the goal which is
answering questions about the use stomach
Indicator (b)

analyzing the argument, student was not quite

breathing. in the aspect of

right in answering the two differences in
diaphragmatic breathing and what stomach and
organs are used. Indicator (c) in the aspect of
asking and answering questions student have
already answered but the answers were not right
and in indicator (d) giving a simple explanation
student can determine the proper breathing used
by a singer that is by breathing the stomach and
Indicator (e¢) in making and
determining the results of consideration, student

its reasons.

can answer diaphragmatic breathing, even

without explaining the meaning of chest
breathing. Indicator (f) on the aspect of make
conclusions student can provide
correctly so that student focus on human
breathing material. Indicator (g) testing their
student have

correctly so students understand abdominal

aAnSwers

conclusions, given answers
breathing.

From the analyzes in the students’
communication skills with moderate category,
there were some of them could complete all
questions of critical thinking skills excellently.
However, there were some of them still poor in
completing the questions. It is in line with Pal,
Halder, & Guha (2016) that communication
skills is one thing that has important roles in
children' lives. Through proper communication,

students could deliver their thoughts to other
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people both in written and spoken modes with
high score achievement.

The Critical Thinking Skills of Students in
Low Communication Skills Category

The subject with critical thinking skills in
the low communication skills category perform

similar critical thinking skills test results. The
tend to be the
communication skills category, two subjects

results lower. In low

were selected based on low and high critical
thinking skills. This is indicated by the results

of a sampel of subject work in Figure 4.

11. Andriana suka menyayi di sekolah, ia sering menjadi anggota paduan suara di sekolah.

Ketika ia berlatih bernyayi dengan anggota paduan suara, dia menggunakan pernapasan

perut.

Mengapa kebanyakan penyayi sering menggunakan pernapasan perut

dibandingkan menggunakan pernapasan dada? Berikan alasanmu dengan jelas!
Jawaban.-,{.?er.amgnsgam.ﬁgsi&t.xhu.mmggmam.fo.t..anmr..kmn@.E.us.m.samygq
.m?.nyonyl..&.u.mxrﬂgwmgm.@e.c.ngp%.mn..mn.ut..@gabé.ugnuﬁw...lDMe,

Figure 4. Critical Thinking Ability Test results from low communication category subjects

As displayed in Figure 4, information is
obtained that student with critical thinking skills
in the category of low communication skills can
answer a question of critical thinking skills,
although there are deficiencies in the aspects of
analyzing arguments, asking and answering
questions, making and determining the outcome
of consideration, drawing conclusions and
testing conclusions.

Based on observations from students with
low skills in the picture above it is found that
students can achieve several indicators, namely,
focusing questions and making and determining
the results of consideration, it is corroborated by
footage of interviews with the subject as follows.

P : What if the singer breathes
using chest breathing?

S-2 Yes, that's more appropriate.

Because it can produce good
sound

From the results of the interview, students
with low skills answered incorrectly from the
questions given, therefore from the results of
observations and interviews about students'
answers only reached two indicators of critical
thinking namely focusing the question and
making and determining the outcome of
consideration. In the indicator (a) focusing the
questions, the student was right in answering

"abdominal breathing = diaphragm", it makes

students focus on the goal that is answering
questions about the use of abdominal breathing.
Indicator (b) but on the aspect of analyzing the
argument, student was not right answering one
difference in breathing, students only know one
breathing that is abdominal breathing and what
organs are used. Indicator (c) in the aspect of
asking and answering student did not provide an
explanation and was less precise in providing
explanations, while in indicator (d) in the aspect
of simple explanation student was less able to
provide explanations on abdominal breathing.
Indicator (¢) on making and determining the
results of consideration, student respond to
diaphragmatic breathing, but do not explain the
meaning of chest breathing. Indicator (f) on the
aspect of make conclusions and (g) on testing
their conclusions, student was not giving simple
explanation so that the conclusion in answering
is not right.

the the
communication skills with the low category, it
was found all students could not solve all critical

From results in students'

thinking skills questions excellently. It is in line
with Natalle & Crowe (2013) research that
difficulties in communicating hindered students
to master competence.

CONCLUSION
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Based on the analysis results and the
that STEM-based
Project-Based Learning is effective in improving
critical thinking of students. The descriptions of

discussion, it is proven

the critical thinking skills based on the students'
communication skills seen from their initial
skills show various results. It means the students'
skills  influence their

critical  thinking

communication skills.
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