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Abstract

Science literacy is a key factor in overcoming real-life problems, but it needs to be
adequately trained in schools. Therefore, this study aims to analyze the effectiveness of
STEM-integrated problem-based learning (STEM-PBL) in enhancing students' science
literacy skills. This research is part of research and development with the ADDIE model
in the implementation and evaluation stages. The implementation test used a one-group
pre-test and post-test design on 58 students divided into two groups. The data collection
instruments were science literacy tests and an interview questionnaire. The results
showed that: (1) paired t-test results showed that there was a significant increase in
students' science literacy skills in both groups; (2) independent t-test results showed that
there was no significant difference in the average N-gain score of science literacy in both
groups; and (3) n-gain test results for science literacy showed an increase in science
literacy in both groups in high criteria. Thus, STEM-PBL is effective in enhancing
students' science literacy. STEM-PBL can be the leading solution to realizing the science
literacy movement in schools.
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INTRODUCTION

In the industrial era 4.0, the nation's
progress in international relations is
heavily influenced by science literacy,
mathematics literacy, and language
literacy (Puspitasari, 2015). In this case,
scientific literacy requires individuals to
comprehend scientific phenomena, to
identify scientific questions, to draw
factual conclusions, and to apply them in

everyday life with regard to scientific
issues and social contexts (Miller &
Demtra, 2016; Nurain et al., 2018;
Toharudin et al., 2011; Utami et al.,
2016; Wulandari & Sholihin, 2016).
Students can care, respond to science-
related challenges and opportunities,
think critically, be creative, understand
and apply science to solving real-world
problems (Widowati et al., 2017).
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The scientific literacy level of
Indonesian  students  remains  low.
Students' scientific literacy ranks 71st
out of 709 countries assessed by PISA
(Program for International Student
Assessment) in 2018 (Hewi & Shaleh,
2020; lbrohim et al., 2022). Andriani et
al's (2018) and Noviana & Julianto's
(2017) research results demonstrate that
the scientific literacy ability of a junior
high school student in Banjarmasin
based on the PISA framework is 47.1 in
the low criteria. This low level of
scientific literacy indicates that only a
small percentage of students are able to
apply their scientific knowledge to
explain  the  surrounding  natural
phenomena, utilize technology, and try
to solve real-life problems (Choirunnisa
et al ., 2017; Effendi, 2016; Kurnia et al
., 2014; Nadia et al ., 2019). Thus,
students' low scientific literacy is a major
problem that must be addressed.

Students' inadequate scientific
literacy is influenced by a number of
variables, including teachers' inability to
construct instructional materials based
on scientific literacy (Fakhriyah et al.,
2022; Pujawan et al., 2022; Teresia et al.,
2022; Wahyudi, 2022). The instructional
materials, such as textbooks and
worksheets, have not been designed to
train students to discover and apply their
own ideas. Some teachers have not
developed their own teaching materials
(Aria, 2022; Ishasyuarna & Hafizah,
2022), opting to conduct learning using
restricted teaching resources and existing
infrastructure rather than providing a
new, more innovative learning strategy.

The development of problem-based
STEM-integrated teaching materials is
one of the effortstaken to
overcome students' scientific literacy.
Instructional materials functionas a
teacher's instrument for teaching,
motivating, and engaging students'
attention to actively engage in physics
learning (Rifansyah, 2017). This s
supported by the research findings of

Sarwi et al., (2021) and the meta-
analysis findings of Wahono et al.,
(2020), which demonstrated that STEM
learning is an effective universal tool for
preparing students from diverse national
and cultural backgrounds in Asia for
better learning outcomes.

The integration of the STEM
approach in science learning can not
only help students explore science
materials that work independently, but
also be applied in solving real-life
problems (Kareem et al., 2022). In its
implementation, STEM is often
integrated in Project, Problem,
Discovery, or Inquiry-based Learning
(Casad & Jawaharla, 2012; Dewi et al.,
2017; Laforce et al., 2017; Redkar,
2012). However, in this research, STEM
is integrated in problem-based learning
(STEM-PBL). STEM-PBL is designed
to increase students' scientific literacy on
temperature and heat. In line with
previous research (Safitri et al., 2021;
Suyidno et al., 2022; Winarni et al.,
2016). STEM-PBL is believed to be able
to increase student literacy through the
process of solving real-life problems.
Students solve problems in groups
because they can work together, be
responsible and  independent, and
manage discussion patterns that suit the
circumstances of their respective groups
(Farwati et al.,, 2017). Therefore, the
purpose of this study was to analyze the
effectiveness of STEM-PBL in
increasing students' scientific literacy
skills in science-physics learning.

METHOD

This research is part of the research
and development of the ADDIE model,
namely  the implementation  and
evaluation stages. In this research; the
independent variable is STEM-PBL
instructional ~ materials, while the
dependent variable is students' scientific
literacy abilities.

The previous stage, namely ADD
(Analysis, Design, and Development),
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has produced a draft of STEM-PBL
teaching materials and has been
validated by three science learning
experts with a validity value for lesson
plans (97.50), Lembar Kinerja Peserta
Didik/LKPD or students’ worksheets
(94.1), teaching materials (91.61); and
LP Science Literacy (91.67). STEM-
PBL teaching materials include valid
tools to be used to enhance students'
scientific literacy and are ready to be
tested in real classes.

This research is in the IE
(Implementation and Evaluation) stage
of the ADDIE model. The
implementation test used a pre-test and
post-test design (O1 X 02) (Fraengkel &
Wallen, 2012) in 2 groups. Both groups
were given the same treatment to
determine the consistency of the impact
of implementing STEM-PBL. According
to the KBBI, consistent means fixed,
does not change, adheres to principles, or
is steady. In this study, consistency will
be seen if STEM-PBL can provide the
same results when applied to groups 1
(30 students) and 2 (28 students) in grade
VII in two schools in Banjarmasin.

The research trial started with a pre-
test (O1), where students were initially
asked to do a scientific literacy test. This
test consists of six essay questions to
measure students' ability to explain
phenomena scientifically, design and
evaluate scientific inquiry, and interpret
data and facts scientifically.
Furthermore, both groups applied
STEM-PBL for four meetings, where the
teacher presented motivation in the form
of temperature and heat problems in the
surrounding environment, and students
then analyze the problem themselves and
submit alternative solutions. Next, the
teacher organized students to solve the

problem. Students planned and built
simple railroads, and solved
mathematical problems, and then the
results were presented in front of the
class. In the end, the teacher and students
tried to conclude their learning and
reflected on problem solving. The
research ended with a post-test, in which
students worked independently on the
science literacy LP independently.

The results of the students' answers
were converted using a scoring rubric,
and their scores were obtained using the
equation: the total score obtained divided
by the maximum score multiplied by
100. The value was adjusted according to
the criteria: 100 > very good > 80; 80 >
good > 65; 65 > pretty good > 55; 55
>poor > 40; and not good < 40. The level
of increasing scientific literacy ability is
analyzed by the n-gain equation (Hake,
1999) which is then adjusted according
to 3 criteria, namely high, medium, and
low. To determine whether the increase
is significant and consistent (has the
same impact) in both groups, the
homogeneity and normality tests are
started, followed by the Paired Sample t-
Test (parametric) and the independent t-
test on the mean n-gain value in both
groups. The significance level in this
study was set at = 0.05 (two-tailed).

FINDINGS AND DISCUSSION

Science learning is effective if it is
able to achieve the stated learning
objectives. In this study, scientific
literacy ability became a learning
objective as measured through a pre-test
and post-test of scientific literacy. The
results of the analysis of students'
scientific literacy abilities are presented
in Table 1.

Table 1 Scientific literacy ability

Student Group 1 Group 2
Pre-test Post-test Pre-test Post-test
Score Criteria Score Criteria Score Criteria Score Criteria
S1 23.33 NG 88.33 VG 21.67 NG 71.67 G
S2 20.00 NG 85.00 VG 11.67 NG 81.67 VG

S3 8.33 NG 73.33 G

23.33 NG 85.00 VG
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Student Group 1 Group 2
Pre-test Post-test Pre-test Post-test
Score Criteria Score Criteria Score Criteria Score Criteria
S4 15.00 NG 85.00 VG 8.33 NG 78.33 G
S5 28.33 NG 73.33 G 15.00 NG 88.33 VG
S6 8.33 NG 71.67 G 8.33 NG 85.00 VG
S7 15.00 NG 81.67 VG 8.33 NG 73.33 G
S8 8.33 NG 76.67 G 15,00 NG 85.00 VG
S9 15.00 NG 86.67 VG 8.33 NG 90.00 VG
S10 25.00 NG 83.33 VG 15.00 NG 88.33 VG
S11 20.00 NG 81.67 VG 25.00 NG 73.33 G
S12 5.00 NG 80.00 VG 20.00 NG 85.00 VG
S13 21.67 NG 86.67 VG 5.00 NG 73.33 G
S14 11.67 NG 88.33 VG 21.67 NG 71.67 G
S15 23.33 NG 90.00 VG 11.67 NG 81.67 VG
S16 28.33 NG 88.33 VG 25.00 NG 88.33 VG
S17 10.00 NG 90.00 VG 20.00 NG 90.00 VG
S18 11.67 NG 83.33 VG 5.00 NG 88.33 VG
S19 15.00 NG 81.67 VG 21.67 NG 90.00 VG
S20 23.33 NG 80.00 VG 11.67 NG 83.33 VG
S21 8.33 NG 86.67 VG 23.33 NG 81.67 VG
S22 15.00 NG 88.33 VG 13.33 NG 80.00 VG
S23 8.33 NG 90.00 VG 13.33 NG 86.67 VG
S24 8.33 NG 88.33 VG 21.67 NG 88.33 VG
S25 15.00 NG 73.33 VG 15.00 NG 90.00 VG
S26 8.33 NG 85.00 VG 23.33 NG 88.33 VG
S27 15.00 NG 73.33 G 16.67 NG 73.33 G
S28 25.00 NG 71.67 G 23.33 NG 85.00 G
S29 20.00 NG 81.67 VG
S30 5.00 NG 66.67 G

Information: S = Student, NG = Not Good, G = Good, VG = Very Good

Based on Tables 1 the pre-test data
showed that students' scientific literacy
skills are initially still low. After
applying STEM-PBL , the post-test data
showed an increase in students'
scientific literacy skills in the good
criteria, even for the majority of students
in the very good criteria. This is
supported by the results of the analysis
of scientific literacy indicators as
presented in Table 2.

Table 2 Analysis of science literacy

indicators
Indicator Pre-test Post-test
Score Inf Score Inf
1 16,17 NG 80,67 VG
2 16,40 NG 80,27 VG
3 14,17 NG 72,83 G

Information: 1. Explaining scientific phenomena,
2. Designing and evaluating scientific
investigations , 3. Interpreting data and facts

scientifically; NG = Not Good, G = Good, VG =
Very Good

Based on Table 2, the low ability of
students' initial scientific literacy is
because all the indicators are in bad
criteria.  On  the contrary; after
implementing STEM-PBL, all indicators
of scientific literacy experienced an
increase in the criteria of good/very
good. This is supported by the results of
the scientific literacy n-gain analysis
presented in Table 3.

Table 3 N-Gain value of scientific

literacy
Group Scores :
Pre-test  Post-test N-Gain
1 15.5 80.0 0.79
(NG) () (High)
2 16.13 83.04 0.80
(NG (VG)  (High
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Table 3 depicts the n-gain
achievements in the two groups of 0.79
and 0.80, respectively. There is an
increase in scientific literacy before and
after implementing STEM-PBL under
the high criteria. Furthermore, in order
to determine the significance of the
impact of implementing STEM-PBL,
homogeneity and normality tests are
conducted with the assistance of SPSS
26. The results of the Kolmogorov-
Smirnov test on the pre-test data for the
scientific literacy post-test in group 1
were 0.95 and 0.49, respectively, while
in group 2 they were 0.64 and 0.02,
indicating that all of the data is normally
distributed (p 0.05), except for the post-
test data in group 2. Thus, the next test
is to use the paired t-test in group 1 and
the Wilcoxon test in group 2, the results
are presented in Table 4.

Table 4 Paired t-test results

Sig. (2-tailed)
Group N . Wilcoxon
Paired t-test test
1 30 0,00
2 28 0,00

Table 4 shows the results of the
paired t-test in group 1 and the
Wilcoxon test in group 2, with a sig
(two-tailed) of 0.000 <0.05. This means
that there is an effect of increasing
scientific literacy significantly after
applying STEM-PBL to material
temperature and heat. To strengthen
these findings, the mean value of n-gain
for groups 1 and 2 would be tested by an
independent t-test. This test was chosen
because the normality test results for n-
gain in groups 1 and 2 were 0.20 and
0.86, and the homogeneity test results
were 0.75, which means that the n-gain
data is normally distributed and
homogeneous. The results of the
independent t-test presented in Table 5.

Table 5 Independent t-test results

Man Whitney
Group N g5 (2-tailed)
L 30 0.83

2 28

Information: p < 0,05

Based on Table 5, the results of the
independent t-test obtained a sig. (2-
tailed) of 0.838 > 0.05. This means there
is no significant difference in the mean
score of N-Gain scientific literacy in the
two groups.

Tables 1-3 show that students'
scientific literacy skills are low at first
because they have trouble explaining
things in a scientific way, planning and
evaluating scientific experiments, and
figuring out what data and facts mean in
a scientific way. The reason is the
unavailability —of scientific literacy
packages to practice scientific literacy in
schools. Students are rarely trained to
practice in the laboratory, so they have
less experimental skills. This is in line
with some of the results of previous
research showing that students are only
able to remember scientific knowledge
(scientific facts, principles, and laws) as
well as draw simple conclusions and let
alone apply them in real life (Dewi et al.,
2019; Ratini et al., 2018; Utomo et al.,
2018). Students can only provide simple
scientific  explanations and follow
explicit evidence (Angraini, 2014).

After implementing STEM-PBL,
however, students' scientific literacy
abilities meet the good/very good
criteria. In this case, the teacher
facilitates students’ understanding of
current science issues and identification
of problems (phase 1); scientific literacy
learning needs (phase 2); scientific
inquiry, problem-solving, and decision-
making in relation to science problems
(phase 3); presenting the work (stage 4);
and evaluating scientific literacy
outcomes and processes (phase 5).
Students can use STEM to build
miniature mini-fridges, railroads, hot air
balloons, and solar panels. This
engineering activity can assist students
maximize their intellectuality (Puryadi,
Sahono, & Turdjai, 2017). Students try
to dare to decide how to handle cases,
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and consider the good and bad of every
decision they make. In line with Fauziah
et al. (2019); student activities in
STEM-PBL are deliberately designed to
train  scientific  attitudes  through
scientific inquiry, decision making, and
problem solving so that they have a
positive impact on students' scientific
literacy abilities. This is supported by
cognitive theory (Sutarto, 2017), which
states that the involvement of mental
activity in students is a result of a
process of active interaction with other
people and the environment to obtain
changes in knowledge, understanding,
skills, behavior, and scientific attitudes
is relative.

Students' ability to explain natural
phenomena improves after using STEM-
PBL (Tables 1-3), as does the
application of scientific conclusions in
life and mathematics in science, though
with less success. Due to limited time
for research and students' lack of initial
literacy, the process of learning
scientific literacy takes a long time from
lesson plans.  Furthermore, some
students lose focus and read less
information. Remember that practical
activities have characteristics that cannot
be equated with theoretical learning
(Sutrisno, 2016), so students are
expected to be skilled at carrying out
experiments and gain theoretical
knowledge through reading teaching
materials. However, Tables 4 to 6 prove
the application of STEM-PBL was able
to significantly and consistently improve
students' scientific literacy in both
groups according to the high criteria.
Consistency means that something is
fixed, does not change, adheres to
principles, or is steady (KBBI, 2022). In
Tables 1 to 4, the meaning of this
consistency can be seen from the
implementation of STEM-PBL, which
has an impact on increasing scientific
literacy in group 1 in the high criteria as
well as in group 2. Therefore, the
fundamental implication of the results of

this study is that STEM-PBL can be
applied on a large scale to overcome the
problem of the low ability scientific
literacy of students in learning physics.

CONCLUSION

The application of STEM-PBL to
the temperature and heat materials has
proven effective in enhancing students'
scientific literacy, as this research
findings demonstrates a significant and
consistent increase in scientific literacy
skills in both groups that meet the high
criteria. Through STEM-PBL, students
are accustomed to being scientific
learners, participating in successful
scientific inquiry, making decisions, and
solving real-life problems. Further
research needs to be carried out on other
materials and at various levels of
education.
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