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Abstract: This study aims to analyze the STEM approach in learning to strengthen the
scientific literacy of students. The method used in this research is qualitative research with
data collection techniques, namely literature studies. The data collection method is by
reading, identifying, and analyzing, then categorizing, classifying, and describing. In this
research, the study of relevant journals, articles, are used to find out how to increase
students” science literacy by using STEM in elementary schools. Based on the results of
research, the literature study states that the use of STEM-based learning effectively
improves the student's science literacy. The results of the research analysis showed that the
results of the pretest scores of students had low concept understanding in the experimental
class and the control class. After being given treatment, the results of the posttest scores
showed a significant increase in the experimental class.
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Introduction The basic literacy category represents how

Law Number 20 of 2003 concerning the National
Education System Article 4 paragraph 5 states that
education is carried out by developing a culture of
reading, writing, and arithmetic for all members of the
community (Depdiknas, 2003). This article discusses
the principles in organizing an educational institution
that cultivates reading, writing, and arithmetic
(calistung) activities. The existence of this principle
becomes the basis and guideline for education
providers to design learning activities that are oriented
towards literacy and numeracy.

The importance of literacy and numeracy became
one of the topics of discussion at the World Economic
Forum in 2015 which discussed the New Vision in
Education. This forum sets out 16 skills needed by
students in the 21st century both at the primary and
secondary education levels. These skills are divided
into 3 categories, namely basic literacy, competence,
and character quality.
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students apply key skills in everyday tasks. These skills
serve as the basis so that students can master skills at
the next level, namely competence and character
quality so that mastery of basic literacy becomes a
mandatory and important thing for students to have.
The basic literacy components referred to in the World
Economic Forum are literacy, namely literacy,
numeracy, scientific literacy, digital literacy, financial
literacy, and cultural and civic literacy.

Literacy and literacy are the most basic literacy
that must be possessed by all students at the
elementary school level. This is because the ability of
students in these two literacy components is the basis
and foundation for literacy mastery in the other 4
components, so it is necessary to get more attention
from all groups, both teachers, parents, community,
non-governmental organizations (NGOs) and other
stakeholders.

Mastery of the six basic literacy that have been
established by the World Economic Forum in 2015 is
very important not only for students but also for
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schools, parents, and all members of the community. To
build a literacy culture in all areas of education (family,
school, and community), since 2016 the Ministry of
Education and Culture has initiated the National
Literacy Movement (GLN) as part of the
implementation of the Minister of Education and
Culture Regulation Number 23 of 2015 concerning the
Growth of Character.

The National Literacy Movement is an effort to
strengthen the synergy between the main units of the
literacy movement by gathering all potentials and
expanding public involvement in developing and
cultivating literacy in Indonesia. This movement will be
carried out comprehensively and simultaneously,
starting from the family realm to schools and
communities  throughout  Indonesia. In its
implementation, GLN is divided into 3 spheres, namely
the Literacy Movement in Schools (GLS), the Family
Literacy Movement (GLK), and the Community
Literacy Movement (GLM).

One of the scopes in GLN is the School Literacy
Movement. GLS is a comprehensive effort that involves
all school members (teachers, students, parents) and the
community, as part of the education ecosystem. The
indicators of the implementation of the GLS are divided
into 3 areas, namely class-based, school culture, and
also community-based. On a class basis, there are 3
indicators, namely 1). A number of literacy facilitator
training, 2) Intensity of utilization and application of
literacy in learning, 3) Reading literacy scores in PISA,
TIMSS, PIRLS, and INAP.

The second indicator, it can be done by
integrating learning approaches that can improve
students' literacy skills. One of the learning approaches
that can be used to support the implementation of
students' scientific literacy in the classroom is STEM-
based learning (Science, Technology, Engineering, and
Mathematics).

The scientific literacy ability of each individual
needs to be improved, especially for elementary school
students. One alternative to improve scientific literacy
skills in elementary school students is to apply a
learning approach that can motivate students to be
interested in participating in the learning process. The
right approach is applied in improving scientific
literacy skills, namely the STEM approach that students

By using the STEM approach the learning
process will be more varied and innovative so can learn
various academic concepts that are juxtaposed with the
real world. STEM learning can help students gain
complete knowledge, be more skilled in dealing with
real-life problems and develop students' critical
thinking. STEM is an effective approach in
implementing Integrative thematic learning because it

combines four main areas of education, namely science,
technology, engineering, and mathematics.

The STEM learning model that integrates several
lessons can enrich the repertoire of students'
knowledge. Students can feel the benefits and apply the
theory they learn directly. In terms of literacy, through
STEM students receive various information which can
then create ideas and creativity. Students are also
trained to read and write. In terms of numeracy,
students are always used to doing calculations and
analyzing data in the form of numbers or graphs.

Based on this background, the researcher intends
to analyze the STEM approach in learning to strengthen
the scientific literacy of elementary school students.
State the objectives of the work and provide an
adequate background, avoiding a detailed literature
survey or a summary of the results.

Method

This research is a qualitative type with a
literature study approach. The literature study is the
study of data from various reference books and the
results of previous research that are relevant to the
research in order to obtain a theoretical basis for the
problem to be examined (Sarwono, 2006). The data
collection method is by reading, identifying, and
analyzing, then categorizing, classifying, and
describing. In this research, the study of relevant
journals, articles, is used to find out how to increase
students’ science literacy by using STEM in elementary
schools.

Result and Discussion

STEM education is able to form human
resources’ (HR) reasoning and thinking critically,
logically, and systematically (Asmuniv, 2015). Learning
through the integration of STEM can make students
better prepared in the STEM field jobs (Brown, et al.,
2011), increase interest and achievement in
mathematics and science (Stohlmann, et al., 2012).
OECD (2013) stated that an understanding of science
and technology significantly contributes to the
personal, social, professional and cultural lives of
everyone. National STEM Education Center (2014) in
Firman, (2015) stated that STEM learning does not only
mean strengthening of practical education of STEM
fields separately, but it is rather to develop an
educational approach that integrates science,
technology, engineering and math, by focusing on the
educational process in daily life real solving. Through
STEM, learning process will be more meaningful so
students’ scientific literacy can be achieved.
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Lu & Lin, (2018) says that STEM education can
be chosen to foster the innovative spirit and practical
capacity of the students by integrating the knowledge
and spirit of each subject and applying them to real life.
One way to address the need for practical action in
STEM Education is through the introduction of STEM
Project-Based Learning. STEM Project-Based Learning
is a learning model based on the STEM approach to
education and integrated with the project-based
curriculum design (Tseng, 2013). Based on the research
by Lou, (2017), there will five stages of STEM Project-
Based Learning, which are the preparation stage,
implementation stage, presentation stage, evaluation
stage, and the last is the correction stage that teacher
can adopt in the learning activity. Infusing design
principles enhances applicability in the real world and
helps prepare students to relate their knowledge in
tackling the problem, with an emphasis on connecting
with what STEM professionals are actually doing in
their jobs (Capraro, 2013).

This analysis is wused to measure the
improvement in science literacy by using STEM. Based
on the analysis of the results of the research conducted
by (Khaeroningtyas, et. al., 2016), the research was
conducted in SMP Negeri 1 Bumiayu with a population
of seventh-grade students in odd semester academic
year 2015/2016. Samples are two classes of class VII E
(experimental group) and class VII G (control group).
Sample selection was done by the random sampling
class technique. The improvement of students’ scientific
can be seen through the Gain value data formulated
from score minus. The data is presented in Figure 1.
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Figure 1. Pretest and Posttest Scores of Students in
Temperature Material

Experiment

Independent Samples Test The test results
showed the value of Sig. (2-tailed) = 0.003 < a = 0.05.
Therefore, it can be interpreted that the null hypothesis
is rejected, which means there is a significant difference
in students’ scientific literacy improvement in the
control and the experimental group. The average score
of students’ scientific literacy in experimental and
control groups is presented in Table 1.

Table 1. N- Gain Average and Classification of
Students’ scientific literacy

Group N-Gain Average Classification
Control 0.27 Low
Experiment 0.44 Moderate

The improvement of students” scientific literacy
who obtained STEM learning using the 6E Learning by
Design TM Model in temperatures material was higher
than non-STEM learning. Scientific literacy is in line
with STEM literacy, for example understanding the
concepts and procedural skills and ability of the
individual to demonstrate STEM relation to the
personal, social, and global issues (Bybee, 2010).
Students who obtained STEM learning will be more
literate in STEM aspects, so students’ scientific literacy
will automatically increase. This improvement also
shows that the junior high school students can receive
STEM learning, as well as Verma, et al., (2011) that has
successfully engaged students in STEM learning
through the 5E Learning Cycle.

The improvement of students’ scientific literacy
can happen because they are more motivated to be able
to design a thermometer scale and given the chance to
access information via the internet (technology).
Gutbherie, et al., (2000) in their research concluded that
integrating STEM learning can increase students’
motivation in learning.

Stohlmann, et al., (2012) stated that there are
some advantages in STEM learning, including making
students be better at solving problems, innovators,
inventors, confident, thinking logically and literate in
technology; it also can improve students’ creative
thinking skills (Oktavia, 2015). The research conclusion
is STEM learning using 6E Learning by Design TM
Model in temperature and its changes can improve
students’ scientific literacy. The result indicates that
scientific literacy can be improved if this model is
applied continuously.

Another study was conducted by Kartini, et al,,
(2021). The method used was a pre-experimental
method with one group pretest-posttest design,
without the control group (Fraenkel, 2011). Both
methods and designs involved one group that is a
pretest, exposed to a treatment, then post-tested. This
method was suitable for the purpose of this study,
which was to investigate the effect of STEM Project-
Based Learning on students” STEM Literacy in learning
the earth layer and disaster. Table 2. shows how the
research design used in this study.

Tabel 2. One group pretest-posttest design

O X ©)
Pre test STEM-Project Based Post test
Learning
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The population in this research was all students
in 7th grade at one of the Junior High schools in
Bandung. The sampling technique used in this research
was convenience sampling. The researcher selects
participants because they were available to be studied.
There were 30 students in one class at this school with
13 male students and 17 female students with an age
average of 12-13 years old.

The multiple-choice question was given to the
students as a tool to see the students’” STEM literacy
before and after the teaching-learning process. The
multiple-choice question is developed based on the
study by Zollman, (2012) and has been given to the
students in the class. To obtain the result of the test, it
was analyzed by SPSS and also analyzed by using the
normalized gain test based on Hake’s rule of
normalization. The average N-gain score of students’
curiosities is in pretest and posttest shown in Table 3.

Table 3. Students” STEM literacy score for pretest and

posttest

Group Average N-Gain Classification
Pretest 34.70 '

Posttest  68.10 0.47 Medium

The result of student learning activity shown in
Table 3. that the mean score obtained by students
before the implementation of STEM Project-Based
Learning increased from the pretest, which is 34.70,
while the mean score after the implementation of
posttest is 68.10. A normalized gain shows the
improvement in each aspect of students’ STEM Literacy
by the implementation of STEM Project-Based learning
experienced by the participants is 0.47. Based on Hake’s
rules of normalization, this score N-gain is categorized
as medium. To see the detail of the students’” STEM
Literacy, then the data is also analyzed in each aspect
for pretest and posttest. The result of students” STEM
Literacy in detail is presented in Figure 2.
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Figure 2. Result of mean score in each aspect of student STEM
literacy

Based on Figure 2. the mean score of all aspects

of STEM Literacy increased. On student science

literacy, the increasing mean score from 25 in pretest to

65 on the posttest, from student technology literacy, the

prior mean score shows 30, and the posttest mean
scores show 69. While on student engineering literacy,
the pretest means the score is 29.3, and the posttest is
68.6. For the student's mathematical literacy, the mean
score increases from 37.5 on the pretest to 66.0 on the
post-test. It means there is an improvement for
students’ STEM Literacy after implementing STEM
Project-Based Learning since the number of students
for each aspect of STEM Literacy. This result is in line
with the research by Persaud-Sharma, (2012) that
previously investigated the relationship between case
study and STEM literacy. The whole profile of students’
STEM Literacy needs to be processed by analyzing the

improvement of each STEM literacy aspect.

The conclusion in this research is from the
scoring results of the objective test consisting of
multiple-choice questions, the implementation of STEM
Project-Based Learning as a learning model in the Earth
Layer and disaster topic could improve the students’
STEM Literacy. It can be proved by the results of N-
Gain is 0.47, which means categorized as medium. The
result showed that STEM Project-Based learning in
Earth Layer and disaster topic could be an alternative
learning tool to enhance students” STEM Literacy in
this pandemic time.

Another  research was  conducted by
Sulistiyowati, et al, (2018). The research used mixed-
method with exploratory sequential design in the
Nonequivalent Control Group Design. Samples were
taken using the purposive sampling technique. This
study involved 25 eighth grade students of class F as
the experimental class and 25 eighth grade students of
class A as the control class in SMP Negeri 2. Pugung.
The data collecting techniques were observation
method, questionnaire, and test. The data were
analyzed using an independent sample t-test to see the
effectiveness of the learning in both groups.

The results of data analysis showed that STEM-
based worksheets influenced student learning
outcomes on sound wave material in Table 4.

Tabel 4. T-test Results of N-Gain of Science Literacy

Classes Pretest Posttest N gain  Criteria T-
(xxd) (xxd) (xxd) test

Control 36.96 + 5488 + 028 + Low .000
13.77 10.17 0.07

Experi- 37.92 + 6464 * 043 £ Average .000

ment 14.05 9.50 0.08

Table 4. shows that the control class has an N-
gain value = 0.28 (low criteria), while the experimental
class has then an N-gain value of 0.43 (medium
criteria). Based on these data in the experimental class
there is a significant increase in student science literacy.
The result of the T-test analysis, the sig value (0.00) <
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005 which means there is a significant increase in
student science literacy. Thus, there is a significant
difference in N-gain between the control class and the
experimental class. There is an increase in the students’
science literacy on each indicator. The detailed data of
this increase have seen in Figure 3.

06
03
04
0.3 u Control Class
0z E:qperimental
(Class
01
0
Explaining Interpreting Concluding
Figure 3. Science Literacy Ability
Based on Figure 3, the science literacy indicator
that experienced the highest increase in the
experimental class is explaining the scientific
phenomenon and interpreting data. The lowest

indicator is evaluating conclusions. The conclusion of
this research is the STEM-based worksheet could
effectively improve the student’s science literacy. The
indicators show that the science phenomenon has the
highest value and the conclusion drawing indicator has
the lowest value. In addition, the students have a good
or positive response toward the learning using the
STEM-based worksheet.

Another study was conducted by Wahyu, et al.
(2020). This study was used a quasi-experimental
method with a posttest-only control group design. The
population of this study was all students at the four-
grade level of the Elementary School Teacher Program
of Saint Paul Educational College Ruteng, Indonesia, in
the 2018/2019 academic year. The population in the
study was 516 students in 9 classes. This research was
conducted seven meetings by giving 12 numbers of
scientific literacy questions and evaluating 30 scientific
items. To determine the feasibility of learning used a
science attitude observation sheet with indicators of
interest in science, science inquiry, and sensitivity and
responsibility in the experimental class and the control
class.

The results of the descriptive analysis of
students' scientific literacy score of science learning
treated through MAR assisted STEM-Based is
displayed in Table 5.

Table 5. Recapitulation of Science Literacy Score
MAR assisted

Statistic STEM-Based Conve.ntlonal
. . Learning
learning media
Experiment Control
Amount of Data 87.00 88.00
Amount of Score 3969 3683
Average Score 76.99 58.70
Standard 6.27 531
Deviation
Average 39.40 29.46

Table 5. shows science literacy score data of
students who take science learning with learning using
MAR-based STEM-based learning with indicators of
scientific literacy questions in the dimensions of
scientific contexts, scientific knowledge, and scientific
compatibility. The average score of scientific literacy is
obtained through three indicators of scientific literacy,
namely scientific contexts, scientific knowledge, and
scientific competencies producing different scores in
the experimental class and the control class. Each
dimension of science literacy is displayed in the
histogram as shown in Figure 4.

@ Experiment [l control

15.5

15.28
15.11 15.23
15
14.5
c 14
@ 14 3.802
= 3.74
13.5
13 A
12.5 T T
Contexts Knowledge Compitencies

Science Literacy Score

Figure 4. Average Literacy Score of three indicators

The result of this study proves that MAR-
assisted STEM-Based in science learning has a positive
impact on students' science literacy. There is a positive
impact of MAR-assisted STEM-Based on students'
science literacy. Learning through MAR-assisted STEM
Based is a learning process insisting students be
actively finding concepts through exploration activity
using MAR media. The results of this study
recommend that the alternative approach of learning in
science learning in science learning can be implemented
through MAR-based STEM-based learning. Before
carrying out learning first, there is a tutorial on the
development of mobile augmented reality applications
on the material taught according to the time of
learning. Teachers and lecturers, especially for STEM-
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oriented education, should pay attention to four main
things, namely, learning material and resources,
learning activities or activities, learning models and
approaches that are collaborated with STEM, and the
implementation of evaluation through authentic
assessment.

Conclusion

Based on the literature study, it can be concluded
that the use of STEM-based learning effectively
improves the student's science literacy. The results of
the research analysis showed that the results of the
pretest scores of students had low concept
understanding in the experimental class and the control
class. After being given treatment, the results of the
post-test scores showed a significant increase in the
experimental class.
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