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INFORMASI ARTIKEL ABSTRACT:

This study aims to develop the learning materials based on
the STEM approach through the PjBL model that is feasible
used to improve students’ scientific literacy in physics
learning. The study is a development study using the
ADDIE model which consists of five stages of development,
namely Analysis, Design, Development, Implementation,
and Evaluation. The subjects of this study were the students
Keywords: of grade 11th at SMA Negeri 5 Banda Aceh in the academic

stem approach; project based; year 2019/2020. This study in the implementation stage used
pjbl; scientific literacy an experimental research design (quasi-experimental design)
in which the model used was non-equivalent control group
design by utilizing research instruments such as the
questionnaire, wvalidation questionnaire, and scientific
literacy skills question test. The post-test results of students’
scientific literacy skills were then tested by using a t-test to
investigate the differences between the experiment and
control class. Based on the results of the study, the learning
materials developed was feasibly used to improve students’
scientific literacy skill.

Kata kunci:

pendekatan stem; pjbl; literasi sains

ABSTRAK:

Penelitian ini bertujuan untuk mengembangkan
perangkat pembelajaran berbasis pendekatan STEM
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melalui model PjBL yang layak digunakan untuk
meningkatkan literasi sains siswa dalam pembelajaran
fisika.  Penelitian  ini  merupakan  penelitian
pengembangan dengan menggunakan model ADDIE
yang terdiri dari lima tahap pengembangan, yaitu
Analysis, Design, Development, Implementation, and
Evaluation. Subjek penelitian ini adalah siswa kelas XI
SMA Negeri 5 Banda Aceh. Uji lapangan pada tahap
implementation menggunakan desaign penelitian
eksperimen (quasi experimental design) model yang
digunakan adalah non-equaivalent control group
design. Instrumen penelitain berupa angket validasi,
angket respon guru dan peserta didik serta soal tes
kemampuan literasi sains. Hasil posttest kemampuan
peserta didik kemudian diuji
menggunakan uji t untuk melihat perbedaan antara
kelas eksperimen dan kelas kontrol. Berdasarkan hasil
penelitian diketahui bahwa perangkat pembelajaran
yang dikembangkan layak digunakan untuk
meningkatkan kemampuan literasi sains peserta didik.

literasi  sains

INTRODUCTION

The wide application and almost all
fields

important to master, the importance of

make  scientific  literacy
having scientific literacy skills makes
developed countries continue to strive
to improve the scientific literacy skills
of the younger generation to be able to
compete in the global world of work
(Amri et al., 2017). Indonesia students'
scientific literacy is currently still low.
That is following the evaluation results
by the International Organization for
Economic Cooperation and
Development (OECD) through the
Programme for International Student

Assessment (PISA). Based on the last
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PISA measurement in 2018, it showed
that Indonesia's literacy capabilities
rank 70 out of 78 countries (OECD,
2020).

Some factors affecting the low skill

of students’ scientific literacy in
Indonesia include the learning model
applied by the teachers and learning
materials used by the students (Kurnia
2014; Fuadi 2020).

Currently, The learning science using

et al, et al,
the 2013 curriculum in Indonesia has
provided a reference for the selection
of learning models that are suitable for
the scientific approach, one of the
models is Project-Based Learning (Sari
etal., 2017).
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PjBL is project-based learning that
confronts students with problems that
exist in the lives of students (Sari et al.,
2017; Afriana et al., 2016; Simbolon &
Koeswanti, 2020). In PjBL learning the
teacher plays a role in presenting
problems, asking questions, and
facilitating students to design projects
that they will complete (Titu, 2015;
Lestari, 2015). In project learning
students are required to produce a
product that is by the problems given
by the teacher. The products produced
by students can be in the form of
designs, schemes, written works,
works of art, technological
works/tools, and others (Soleh, 2021;

Furi et al., 2018).

Applying science is a lot of found
in technology application so that it is
needed an approach giving the
alternative for students to be able to
face the 21st century which is full of
challenges. Science and technology are
interrelated and they have links with
other inseparable

learning. STEM

Technology,

knowledge in
science (Science,
Engineering, dan
Mathematics) is a combination of
several disciplines that are closely
related to one another. In science,
mathematics is used to process the
data meanwhile the technology and
technique are the application of
science (Stohlmann et al., 2012; Reeve,

2013).
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Project-Based Learning and STEM
have complementary advantages. In
PjBL, the students can comprehend the
through the
producing the product, whereas in
STEM the students do the process of

planning and design (engineering

concept process  of

design process) that helps the students
in producing the best product (Lee et
al., 2019; Ariani et al., 2019).

In the learning process, learning

materials are needed. Learning

materials are everything that is
prepared by the teacher so that the
implementation and evaluation of
learning can be carried out
systematically so that it can achieve
the desired goals (Nazarudin, 2017;
Fitri et al., 2020). Some of the learning
materials needed in managing the
teaching and learning process are
learning plan, student worksheet,
syllabus, learning outcomes tests, and
student textbooks (Al-Tabany, 2017;
2020). The

learning materials developed in this

Nababan & Tanjung,

research are lesson plan and student
worksheet.

The lesson plan is a face-to-face
learning activity plan for one or more
The
developed from the syllabus to direct

meetings. lesson plan was
student learning activities in an effort

to achieve basic competencies

(Permendikbud, 2016; Gunawan &
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Asrifan, 2020). The lesson plan is a
guide to the steps that will be used by
teachers in teaching and learning
activities that are arranged in the form
of learning scenarios so that learning is
in accordance with
objectives (Al-Tabany, 2017; Aguss et
al., 2021). The lesson plan is used by

the learning

teachers as a learning activity plan that
contains a guide to the steps that will
to achieve

be wused in learning

predetermined competencies.

The components that must be
considered from the lesson plan are; 1)
school identity, 2) subject identity or
theme/subtheme, 3) class/semester, 4)
subject matter, 5) time allocation, 6)
learning objectives formulated based
7) basic

indicators of

on basic competencies,

competencies and
competency achievement, 8) teaching
materials, 9) learning methods, 10)
learning media, 11) learning resources,
12) the learning steps are carried out
through the preliminary, core, and
closing stages, and 13) assessment of
learning outcomes (Permendikbud,
2016). In this study, the lesson plans
were arranged according to the stages

in the PjBL model.

There are 6  stages of
implementing the PjBL model in
1) start with

essential questions, 2) design a plan for

learning, namely;

the project, 3) create a schedule, 4)
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monitor the students and the progress
of the project, 5) asses the outcome, 6)
evaluate the experience

(Kemendikbud, 2014; Lestari, 2015).
Student Worksheet are sheets
containing tasks that must be done by
students. Student Worksheet must at
title,

achieved,

least contain  the basic
competencies to  be
completion time, equipment/materials
needed to complete the task, brief
information, work steps, tasks to be
done, reports to be
(Depdiknas, 2008). In this study, the

worksheets were arranged according

and done

to the stages in the engineering design
process which are the characteristics of
the STEM approach. There are 5 stages
of the engineering design process used
in this study, namely; 1) Ask, 2)
Imagine, 3) Plan, 4) Create, 5) Improve
(Hester, 2007; Syukri et al., 2020).
Based on the results of Afriana's
research (2016), the PjBL learning
model integrated by STEM observed
from the gender aspect can enhance
students’ skills

where male and female classes have an

scientific literacy

improvement  either = knowledge
context or competency. There are three
scientific competencies measured in
scientific literacy in this study, namely;
1) identify scientific issues or problems

2) explain scientific phenomena, 3) use
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scientific evidence (Sujudi et al., 2020;
Setiawan, 2019).

The

'scientific literacy can be influenced by

low ability of students

not evaluating students' scientific
literacy abilities. Based on the results
of observations and interviews that
have been conducted with several
physics teachers in Banda Aceh, it is
known that there has never been a
scientific literacy test of students and
there has been no learning that has
directed students to improve scientific
literacy skills in several schools in
Banda Aceh. In addition, low scientific
literacy skills are often associated with
that are still

learning  activities

oriented to conventional learning
methods where students tend to
memorize material so that it makes it
difficult for students to understand the
material. In order for students to
improve their scientific literacy skills,
the PjBL model with the STEM
approach can be used as an effort to

improve scientific literacy skills.

METHODS

The kind of study used is Research and
Development that the study will
produce a product and examine the
effectiveness product (Hamzah, 2021;
Mugqgdamien et al., 2021). This study
develops PjBL-
STEM that aim to improve students'

learning material
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scientific literacy skills. The learning
materials developed include lesson
plans and student worksheet. The
development design used in this study
was ADDIE consisted of five stages
such as analysis, design, development,
implementation, and  evaluation
(Rangkuti: 2015; Rayanto & Sugianti,

2020).

* Analysis

* Design

ﬁ * Development
u * Implementation

+ Evaluation
L

Figure 1: ADDIE Model

The five stages of developing the
ADDIE model used in this study are as
follows (Arimadona & Silvina, 2019;
Salas-Rueda et al., 2020):
1) Analysis: At this

requirements for developing learning

stage, the

materials are clearly defined.

2) Design: at this stage, learning
materials begin to be designed.

3) Development: this stage aims to
produce learning materials that are in
accordance with learning objectives.
At this stage, the learning materials is
validated by the expert and then
redeveloped according to input from

the expert.

70



4) Implementation: At this stage, the
learning materials that have been
validated and developed based on
expert input are implemented to
students to find out the practicality of
using them. The field test carried out
at this stage used an experimental
research design (quasi-experimental
design). The model used was non-

equivalent control group design.

5) Evaluation: At this stage, the
researcher will analyze the feasibility
of the learning materials developed
based on the results of the trial to see
the achievement of the objectives.
This study was conducted at
SMAN 5 Banda Aceh. The population
is the entire object or subject that is in
fulfills

requirements related to the research

an area and certain

problem, or the whole wunit or
individual within the scope of the
study (Wibowo & Pranata, 2020). The
population in this study was the
students of grade 11th Science.

The sample is part of the number
and characteristics possessed by the
population (Bhoke, 2019; Hermawan,
2019). The sampling technique in this
study is purposive  sampling.
Purposive sampling is a sampling
technique with certain considerations
(Lenaini, 2021). The sample was the
students of class Science 4 as an

experiment class in which studies used

http://doi.org/10.31800/jtp.kw.v11n1.p66--82

the learning materials based on the
STEM approach through the PjBL
model and the class of Science 2 as the
that studies

conventionally. The two classes were

control class
chosen because they had never been
given the material to be studied, the
number of students in both classes was
the same and had relatively the same
average learning outcomes.

The data collection instruments
consist of:
a) Learning materials validation sheets
which
student worksheet. This validation

sheet is designed to see whether the

include lesson plans and

lesson plans and student worksheet
have met the PjBL model syntax and
the characteristics of the STEM

approach.

b) Questionnaire teacher responses to
see the practicality of using lesson
plans and student worksheet for
The

covering the

teachers. questionnaire was

prepared teacher's
response to aspects of format, content,
as well as the language of the lesson

plans and student worksheet.

¢) Questionnaire of student responses
to see the practicality of using student
worksheet and students' views on
projects in the student worksheet. This
includes

response  questionnaire

aspects of convenience, attractiveness,
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helpfulness, and problem solving
consisting of 10 statements.
d) Science literacy ability test

questions (pretest and posttest) to find
out the
scientific literacy skills before and after
The

questions consist of 3 scientific literacy

comparison of students'

being given treatment. test
questions with indicators explaining

scientific ~phenomena, identifying
scientific issues or problems, and
using The
questions used are TIMSS and PISA

questions on optical material.

scientific  evidence.

RESULTS AND DISCUSSION

The product which produced in this
study is the learning materials
consisting of a lesson plan and student
the STEM

approach through PjBL model to

worksheets based on

improve the students’ scientific
literacy skill. The result of the study is
according to the stages of ADDIE

study as follows:

The first phase of the ADDIE
model is Analysis, this stage is used to
obtain background information about
whether or not PjBL-STEM-based
learning materials need to be

developed to improve students'
scientific literacy skills. The analysis
consists of: 1) Needs analysis shows
that the scientific literacy ability of

Indonesian students is still relatively
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low and based on the results of initial
observations at SMAN 5 Banda Aceh,
it is known that there is no learning
that specifically directs students to
skills.

Therefore it is necessary to develop

improve scientific literacy
learning materials that can help
students their

literacy skills; 2) Curriculum analysis

improve scientific
is carried out to formulate indicators
and learning objectives based on Core
and Basic

Based on the

Competencies
Competencies.
curriculum analysis, it was found that
optic is suitable for wuse in this
development research; 3) Analysis of
student needs, it

students are less active in learning and

is known that

it is necessary to develop learning
models that can increase student
activity in learning.

The second phase of the ADDIE
model is Design, at this stage two
types of designs are carried out,
namely: 1) Lesson plans design which
is based on the PjBL model syntax. At
this phase, all learning activities are
designed according to the PjBL model
based on the STEM

Researchers determine the indicators

approach.

achieved by students, learning
methods, teaching materials, learning
strategies and learning media.
Learning activities are divided into
three

parts, namely preliminary

activities, core activities, and closing
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activities; 2) student worksheet design
which is prepared based on the stages
of the engineering design process
which is a characteristic of STEM.

The science aspect in the student
worksheet is contained in the reading
which contains initial knowledge
about science and the problems that
must be solved by students using
science. The technological aspect in
this worksheet is used to develop
students' scientific knowledge
regarding the problems given by using

technology through video shows. The

technical aspects in this student
worksheet are found in student
activities ranging from designing

products in solving problems to
producing products that have been
designed. The mathematical aspect is
related to all

measurement activities carried out by

calculation and

students during learning.

An overview of the STEM aspects
contained in the student worksheets
design can be seen in Figure 2, Figure

3, Figure 4, and Figure 5.
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At this

determination is made that includes

phase, a systematic
the work steps of students in the
learning process. The components that
must be considered in the preparation
of the student worksheet are the
title,

achieved,

student = worksheet basic
competencies to  be
completion time, equipment/materials
needed to complete project tasks, work

steps, task, and reports to be done.

The third phase of the ADDIE
model of which is development, in this
stage, the learning materials is
assessed by one of the STEM expert
lectures at the Physics Education
Department at Syiah Kuala University.
The assessment includes the lesson
plan assessment is obtained 84.3%, the
student worksheet assessment is
acquired 79.5%, and the correlation
among lesson plan, student
worksheet, as well as STEM approach,
are gained 80.5%. From the three
assessments are acquired a total
percentage of 81.9% is included in the
feasible category.

The fourth phase of the ADDIE
model is implementation, the tool that
has been assessed, and deemed
feasible by experts, then tested by
students in this stage. The test takes
place in three meetings. At the first
meeting, the teacher conveys the

learning objectives then the students

http://doi.org/10.31800/jtp.kw.v11n1.p66--82

form groups and start discussing
about the problems in the student
worksheet. Next, the teacher shows a
video and does a simple practicum so
that students can imagine concepts
that are suitable for problems in the
student worksheet. Students return to
discussing solutions and schedules
that must be done to solve the
found. At the

meeting, students began to design

problems second
tools according to the results of group
discussions. Teachers as companion
students in creating the products they
make. In the third meeting, the tools
that have been completed are tested in
front of the class. Students convey the
advantages of the tools that have been
made and other groups provide input.
Then the teacher asks students to
collect their work so that they are then
evaluated or given an assessment.

The fifth phase of the ADDIE
model of that evaluation, in this stage,
the result of the teacher responses is
obtained 81.25% and the result of the
student responses is acquired 85.09%.
Either result of a teacher or student is
included in very good criteria
(positive). In the stage, The researcher
analyzes the result of the scientific
literacy test gained the average data as

follows:
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Table 1: The result of scientific literacy

Class Pre-Test Post-Test

Experiment 30,87 63,44
Control 30,78 51,56

The results of the independent
sample t-test analysis showed that
there is a significant difference in the
results of scientific literacy skills
between the class
(M=63.44, SD=22.73) and the control
(M=51.56, SD=19.59). The

experimental class has higher scientific

experimental

class

literacy results compared to the
(t[52]=2.05, p=0.05).

Therefore, it can be concluded that

control class

there is a significant difference
between the experiment class taught
by wusing the
through the PjBL model based on the

STEM approach and control class

learning materials

taught conventionally in improving
the students’ scientific literacy skills in

physics learning.

Feasibility of Learning Materials

Before using in learning, The learning
materials developed must be validated
by one of the STEM experts at the
Physics Education Department at
Syiah Kuala University and validation
test are also carried out based on
student responses. There are three
kinds of assessments to validate tests

in the learning materials carried out by
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experts, namely Lesson Plan, student
worksheet, as well as the correlation
Lesson Plan,

and STEM

gained the average percentage 81,9%

among student

worksheet, approach
are included in a feasible category.
validation which is assessed based on
students' responses to the student
worksheet obtained an average of
85.09% which

response so that it can be concluded

shows a positive
that the student worksheet is feasible

to use.

According to the questionnaires of
teacher and student responses were
gained positive responses to the
learning materials based on the STEM
approach through the PjBL model
showed that lesson plans and student
worksheet were practical to use in
learning activities. Moreover, the
result of the t-test was accomplished to
check the difference between the
experiment and control class know
that there is a significant difference
in the

that are

between the two classes

scientific literacy test
conducted after learning takes place.
Based on the average score of the post-
test both classes which are determined
that the

experiment class is higher than the

average score of the

average score of the control class.
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The Effect of PjBL-STEM on
Improving  Students'  Scientific
Literacy

The various positive results obtained
in this study to improve students'
skills
separated

advantages of the PjBL model and the
STEM approach that the researchers

scientific literacy certainly

cannot be from the

applied in the development of these
learning materials. According to the
study result of Sari et al. (2017), found
that the learning by using the project
requires the students to solve the
problem based on real-life and involve
the students in investigation allowing
the students to apply their science
concepts so that they can create the
scientific literacy skill better than the
students who do not get the learning

using project assignments.

Jagantara et al. (2014), said that
PJBL makes the students more active
in the learning process because the
project learning commands the
students to commit various skills such
as operating the project, setting time,
organizing, working in groups,
investigating, finding the learning
material, and solving the problem.
Therefore, the

comprehend the material overall and

students  can
give better results than the learning in

general (Tias & Octaviani, 2018; Syukri
etal., 2017).
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Furthermore, in the experiment
class, the students can also extend the
material through new knowledge
which they gained in the process of
completing given project assignments.
According to the statement of
Dedovets & Rodionov (2015), the
project assignment given to the
students can expand the insight and
potency of the students. Tjahyono
(2021) also said that PjBL allows the
students to study individually so that
the students can extend the learning
material that they learned through the
process of completing the project. As a
consequence, the students can give the
best score in learning. It is also shown
by the post-test results of two classes
in which the post-test score of the
experiment class is higher than the

control class.

The new insight received by the

students can be gotten in
implementing the second stage of PjBL
namely design the project planning as
well as the second stage of the
Engineering Design Process (EDP) is
one of the STEM characteristics that is
imagining (Syukri et al., 2018). The
students

knowledge that can help to finish the

are demanded to have
given project. Mayasari et al. (2014),
said that through STEM learning, the
students can gain knowledge of
and scientific

technology literacy

acquired from the process of reading,
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writing, observing, and

applying
science in the environment.

The knowledge that is obtained by
the students

completing the project can be achieved

in the process of

from available sources and media as
the books and internet. Loipha (2014)
supported that by using the internet,
information can be received from
various sources all over the country,
and Bang (2018) also said that the
internet can accelerate students in the
learning process (Halim et al., 2020).
According to the result of the
study had been
supported by the relevant research,
then it can be concluded that the

conducted and

development of the learning materials
based on STEM approach through
PjBL model is feasible to be used as the
physics learning material and give the
positive effect in the improvement of

students’ scientific literacy skills.

CONCLUSION

Based on the results of the research
that has been carried out, it can be
concluded that the PjBL-STEM
learning materials based on a
validation test by experts and student
responses is declared feasible to use.
The results of the student's scientific
literacy test showed that the learning
materials developed could improve
students' scientific literacy skills so
that it was in accordance with the
purpose of developing these learning
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materials, namely to improve
students' scientific literacy skills.
However, the development of this

product only involved SMAN 5 Banda
Aceh, differences in the environment
and characteristics with other schools
may allow different research results.
For this reason, further research can be
carried out at the implementation
stage by involving several schools in
order to get more responses and can
also develop student worksheet in
electronic form and validate with more

validators in order to get better results.
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