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ABSTRACT

Integrating local knowledge into the STEM (science, technology, engineering, and mathematics) learning process through PjBL
(project-based learning) can help learners develop themselves as a whole that is oriented toward adequate science literacy skills.
The study aims to examine the effectiveness of STEM-PjBL learning using BAJARDI (digital IPA teaching materials) to improve the
science literacy of learners. This is a quasi-experimental study with two groups of control experiments. Experimental classes use
BAJARDI in the STEM-PjBL learning process, while control classes use conventional learning models. The research sample consisted
of 120 students from a Class IV elementary school. The sample technique used is a random sampling. Scientific literacy test
instruments are used to collect data. The validity of an instrument is determined by the Aiken index, while the reliability of the
instrument is measured by the alpha Cronbach coefficient. Independent-Samples T The information is analyzed using test and
quantitative descriptive statistics. This research identified a substantial difference in the average value of science literacy between
the experimental and control groups (sig =. 00). The results of this research indicate that STEM-PjBL learning with BAJARDI is
extremely effective in improving student science literacy.
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1. INTRODUCTION
1.1 Conceptual and Theoretical Framework

The digital age necessitates the use of digital devices in the learning process due to the advancement
of science and technology in the delivery of education (Parno et al., 2020). This is referred to as 21st century
learning. This educational transformation necessitates adequate literacy among students (NCREL & Metiri,
2013). Science literacy is the foundation for following this development (McGregor & Kreaton, 2010; Roth
& Barton, 2004; Silva & Lorenzetti, 2020).. The nature sciences basic context is science literacy, which
consists of scientific processes, products, and attitudes (Jarman & McClune, 2007; Trefill & Hazen, 2010).
Every student is expected to think, act, and make decisions using scientific methods. It begins with
observing and communicating the outcomes.

This scientific method is closely related to educational projects that encourage students to
experiment, improve products, and come up with solutions to issues they encounter (Barak & Yuan, 2021;
Krajcik & Czerniak, 2014). In the world of education, learning projects are a highly recommended model of
learning (Latifah et al., 2020). It is also critical to integrate a variety of other disciplines in order to construct
the best knowledge possible. By incorporating science, technology, engineering, and mathematics into the
most popular subjects in education, students can learn using a STEM approach. It has been implemented
across the board in a number of developed nations. The constructivism theory developed by Kilpatrick is
supported by this method (Kilpatrick, 1918). The project-based application of STEM provides more
opportunities for students to acquire adequate science literacy (Wilhelm & Wilhelm, 2019; Wood et al.,
2020).

According to PISA and PUSMENIJAR results, Indonesian students have the lowest levels of scientific
literacy. 73.61% of students overall fall into the lower category for science literacy (Schleicher, 2019).
According to the data, in order to increase students' science literacy, better learning must be accompanied
by adequate teaching materials (Ardiansyah, 2018; Dewi et al., 2018; Sabtaningrum et al., 2020). Primary
education, particularly primary school, has the lowest level of science literacy that really needs to be set
up. There are a number of reasons for this low science literacy, one of which is the method of instruction
(Oliver & Adkins, 2020). The knowledge and comprehension of scientific ideas and procedures required for
independent judgment, participation in public life, and economic productivity is referred to as science
literacy. (1) science as a way of thinking, (2) science as a way of investigating, (3) science as a body of
knowledge, and (4) science and its interactions with technology and society are all themes of scientific
literacy, according to Chiappetta & Koballa (2010). The STEM-PjBL model can increase students' science
proficiency, motivation, material comprehension, capacity for original thought, efficiency, meaningful
learning, and future employment prospects (Jauhariyyah, Suwono, 2017; Prabawati & Agustika, 2020). This
STEM-PjBL model should be backed up by pertinent instructional materials that have been specially created
in line with STEM PjBL education and can be adapted to the local learning environment.

The nature science subject matter investigates the cosmos and its state. This makes it possible for
students to fully and uninterruptedly learn. (Holistic). Instead of disregarding native culture or intelligence
inthe learning process, integral understanding should be supported by meaningful, enjoyable, and relevant
learning that is relevant to the student's life. To help learners study and comprehend the facts, concepts,
theories, and even the law that are embedded in the subject in a thorough manner, it is imperative that
the right teaching materials be used. The teaching resources play a significant part in assisting teachers and
students and equating the findings of observations with the perceptions of students (Yuanita & Kurnia,
2019)..When teaching materials are used effectively, students will be able to comprehend the subject
matter thoroughly and in a way that incorporates local knowledge. According to Tiarani (2010) To
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internalize the integration of religious values, science, and other factors, a future-proof model must be
used. The development of digital science teaching resources based on STEM-PjBL integrated local
intelligence is required as part of an effort to integrate character education within the context of
multicultural education.

1.2 Related research's

According to the findings of several studies, IPA learning materials like textbooks, worksheets, media,
and so forth can enhance science literacy when STEM approaches are combined with project models and
local intelligence (Ardianti et al., 2020; Kusumastuti et al., 2019; Ruhimat, 2021; Sari et al., 2018). STEM-
PjBL education can be used to teach students using digital resources in line with modern advancements
during the 4.0 revolution. The foundation of STEM education is the integration of IPA learning with other
disciplines, which needs to be developed. Furthermore, as part of the IPA learning process using the STEM-
PjBL model, ethnosaints with local wisdom must be empowered ( Woro Sumarni, 2018; Kholifatu et al.,
2020; Azalia et al., 2020; Safitri et al., 2020).

This integration can be applied through textbooks (Azalia et al., 2020), modules (Putra & Aslan, 2020),
media (Ahmad Habib, | Made Astra, 2020), and other teaching tools (Muskania & Wilujeng, 2017; Rogosic
et al., 2021) ensuring that students are ready for a future life that will require skills but still have local
cultural insights that will form a scientific generation that masters the skills of the 21 This study supports
Texley's assertion that children should have access to STEM books (Texley & Ruud, 2018). This is done to
help the student become a complete scientist with a literary soul and character as well as a nationalist.

1.3 Research questions about the study

The central question in this study is how effective STEM-PjBL learning is in improving students'
scientific literacy in Grade IV elementary schools.

2. Method and Materials
2.1 Research design

The purpose of this study is to determine how well STEM-PjBL learning based on BAJARDI's local
expertise can be implemented to improve students' scientific literacy. Using a quasi-experimental, non-
equivalent control group design, this study compares the improvement in original thought and problem-
solving abilities between the experimental and control classes. The control group was treated using the
traditional learning model, while the experimental group was treated using STEM-PjBL learning based on
local culture. Between October and December 2022, a three-month period, this study was carried out. The
syntax is shown in Table 1 below. BAJARDI is used in STEM-PjBL learning at various stages of teaching and
learning (Wilhelm & Wilhelm, 2019).

Table 1
Table 1. Syntax of STEM-PjBL learning from BAJARDI based on Local Knowledge

Teaching and Learning Stages Activities Interaction
. . The teacher selects the question of the .

Questions of accompanying , . . - Direct
student's accompaniment on the project N
. communication
issue.

Choose part of the question. The teacher invites the student to choose -  Direct
the part of the question given by the communication
teacher.
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Developing knowledge Students develop early knowledge. - Direct
communication
Participants collaborate with experts.

Collaborate Direct
communication

Analysis of data Use BAJARDI to collect and analyze data. - Online

Reflection Participants are given feedback and time Direct

for revision. L
communication

Students create a product that is a - Online
solution to the problem given to the
accompanying question.

Students share their experiences and

Communication - . - Direct
findings with classmates. —
communication

Making a product

2.2 Participants

All elementary school students in West Borneo, Indonesia, made up the study's population. 120
fourth-grade students from public elementary schools in West Borneo, Indonesia, served as the research
subjects. A random sampling method was used for the sampling. The experimental group was made up of
two classes with 30 students each in elementary school 1's X1 and X2 classes, and the control group was
made up of two classes with 30 students each in elementary school 2's X3 and X4 classes.

2.3 Data collection instruments

To collect data for this study, scientific literacy tests were administered.The exams are objective in
nature. The indicators for each component are used to arrange the questions in the scientific literacy tests,
which use a rating scale of 0 to 20. Students will take these two tests both before and after learning (pretest
and posttest). The test grid that will be used to gather information about the student's scientific literacy
skills is shown in Table 2 below.

Table 2.
Table 2 Scientific literacy Test Grids

Aspects Indicators Cognitive
Domain

To be able to participate in society in the digital age, Analysis of forces. C1
one must possess the scientific knowledge and Explain the properties of magnets
comprehension required to do so. P prop & ca
Capable of asking, seeking, or determining answers ldentify th.e energy transformation of 2
to questions about everyday experiences that arise  €veryday life.
from curiosity. Identifying changes in things. ca
Capable of reading and comprehending popular Analyze the relationship between Cc5

press articles on science and engaging in social force, movement and energy
conversations about the validity of conclusions.
Identify the type of force that occurs in

C2
an event.

Capable of assessing the quality of scientific Identify the tools used to change

. . . . C3
information based on its source and production energy.
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Aspects Indicators Cognitive
Domain
methods.
Possess the capacity to express and assess Conclude the relationship of force, c3
judgments based on data to draw conclusions. movement and energy of an event.
Predicting the force that happens in an s

event.

Since these research tools were approved by three academic authorities, they have been reliable. The
validity analysis is used to determine whether or not the instrument items are valid. The researchers evaluate
the expert agreement index based on the Aiken index to demonstrate the validity of the instrument (V). The
following Table 3 lists the findings of this evaluation.

Table 3.
Table 3. The results of the Aiken Index Coefficient of Instrument Validity

Instruments \" Validity

Scientific literacy 91 Valid

The dependability of an instrument is evaluated using Cronbach's alpha. The reliability score of the
test device for problem-solving was 0.91. Thus, the instrument received a high rating for reliability (Taber,
2018).

2.4. Data analysis

In order to increase scientific literacy, the efficiency of the STEM-PjBL based on local knowledge from
BAJARDI was evaluated utilizing a quantitative descriptive analysis of the research findings. The independent
t test was used, and the significance level was set at.05. The use of STEM-PjBL based on local knowledge
from BAJARDI will have an impact on enhancing scientific literacy if the probability reaches the specified
level of significance. Independent-Samples T Test testing has a number of prerequisites, including
homogeneity and normality tests.

3. RESULTS AND DISCUSSION
3.1. The success of the STEM-PjBL implementation based on BAJARDI's local knowledge

Based on the effect of using the BAJARDI on boosting scientific literacy, the success of the
implementation of STEM-PjBL based on local knowledge is assessed. The following Table 4 provides a
description of students' scientific literacy, both before and after treatment. The experimental class's average
scientific literacy is 58.13, while its average controller class is 59.00, Table 6 shows that there is no difference
in average results between experimental and control courses. Both are greater than the average value for
the control group.

Table 4
Table 4. The Average Value of Sceintific Literacy

Group Mean STD. Deviation N
Scientific literacy Control 59.00 14.18 60
Experimental 58.13 9.84 60
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The STEM-PjBL curriculum is deemed effective if it increases students' scientific literacy. This is
accomplished by performing a statistical T test on independent samples. Normality and homogeneity tests
are the initial analysis step, which is a prerequisite for this analysis. If sig > 0.05, data on scientific literacy
abilities have a normal distribution. The results of the normalcy test are shown in Table 5. Table 6 shows the
results of the homogeneity test, which can be performed using the SPSS program and the Levene statistic of
equality.

Table 5
Table 5. Normality Test Results

KS? SW
Class
Statistic df Sig. Statistic df Sig.
Gain score Control 0.14 60 0.15 0.96 60 0.45
Experiment 0.12 60 0.20 0.97 60 0.65

a. Lilliefors Significance Correction

Table 5 shows that the variables gain score control and experiment class had significant values greater
than 0.05. It indicates that the data on students' scientific literacy are distributed normally.

Table 6.

Table 6. Levene test results

Levene Statistic dfl Sig.
Based on Mean 1.22 1 0.27
Based on Median 1.30 1 0.26
Based on Median and with adjusted df 1.30 1 0.26
Based on trimmed mean 1.24 1 0.27

The Lavene test results in Table 6 reveal that the significant value of science literacy abilities is greater
than 0.05. This means that the variance of each pair of groups is homogeneous. This stage of the analysis
test utilizes the Independent-Samples T test which can be viewed from analysis parametric.

Table 7.

Table 7. Output of Independent-Samples T Test
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Levene's Test for

Equality of T-test for Equality of Means
Variances
Criteria sig Std. 95% Confidence Interval
F Sig. t Df (2- Mean Er.ror of the Difference
. . Difference Differen
gain_ tailed) ce Lower Upper
score
Equal
variances 1.22 0.27 -4.96 56 0.00 -14.39 2.90 -20.20 -8.58
assumed
Equal
variances 0.00 0.00 -491 49.08 0.00 -14.39 2.93 -20.28 -8.50

not assumed

According to the findings of this study, implementing STEM-PjBL learning with BAJARDI in the
experimental class is more beneficial for developing scientific literacy than the conventional model in the
control class. According to the research data, Sig 0.000.05 suggests that there are substantial differences in
the learning outcomes of students who get STEM-PjBL learning with BAJARDI based on their local knowledge
and level of scientific literacy. The research results demonstrate that STEM-PjBL learning with BAJARDI is
effective. This is because teachers are able to apply STEM-PjBL learning principles using BAJARDI as a
scientific method (Hinojo-Lucena et al., 2020; Wilhelm & Wilhelm, 2019). According to Texley & Ruud (2018),
the STEM-PjBL focuses on scientific literacy and is designed to assist students acquire problem-solving skills
that are transferable to everyday life.

Implementing STEM-PjBL learning with BAJARDI as a method for enhancing students' cognitive abilities
may involve scientific literacy (Afriana et al., 2016; Parno et al., 2020; Sari et al., 2018; Spellman & Price-
bayer, 2011). This is the essence of scientific literacy, According to the American Association for the
Advancement of Science (1993), the scientific approach of arranging creative ideas can be applied to
problem solving. The learning method may focus improving the learning process, developing problem-
solving abilities, and reinforcing student creativity, all of which are directed toward the development of
students' HOTS (Wahono et al., 2020). The implementation of STEM-PjBL learning with BAJARDI, which
utilizes Google sites and WhatsApp groups (WAG), also influences the effectiveness of learning. Although
communication is simple, it cannot be conducted face-to-face. Additionally, online learning discussion
forums can be facilitated to enhance teachers' and students' communication and learning (Astini, 2020).

The use of technology in learning activities can enhance learning efficiency (Donnelly-Hermosillo et al.,
2020). Enables access to information at any time and provides flexibility. Students and adolescents enjoy
using WAG (Astini, 2020), and Afriana et al. (2016) consider it capable of fostering scientific literacy
(Muskania & Wilujeng, 2017). This is further supported by research conducted by Ramasundrum &
Sathasivam (2022), which indicates that the use of Google sites can improve student performance. In
addition, research conducted by Nabilah & Dewina (2023) indicates that Google sites can be utilized to
support classroom learning activities and interactive. When teachers are unable to attend class, they can still
deliver materials and discuss assignments without compromising the quality of the learning outcomes.

The implementation of STEM-PjBL learning with BAJARDI can improve students' scientific literacy,
according to research results. Teachers and students conduct their activities in accordance with the
procedures for implementing the learning objectives learning (M. M. Capraro et al., 2016; R. M. Capraro et
al,, 2013; W. Sumarni & Kadarwati, 2020). Local culture is incorporated into lesson planning and
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implemented throughout the learning process and evaluation of learning. As a learning model, the STEM-
fundamental PjBL's concept is reflected in the referenced learning approaches and strategies. STEM project-
based learning refers to Wilhelm & Wilhelm (2019) view that a learning model consists of eight main
components for implementation.

According to the study's findings, STEM project-based learning in the experimental class is more
effective than traditional learning in the control class at increasing scientific literacy. This is due to the fact
that STEM-PjBL learning with BAJARDI has contextual features and creates authentic learning experiences
for students to acquire knowledge, technology, procedures, and mathematical ideas that are supported by
the arts of languages, social sciences, and arts. (M. M. Capraro et al.,, 2016). STEM-PjBL requires
collaboration, team communication, problem solving, and self-directed learning, and trains all students in
rigor. The foundation of this learning is engineering design, in which students apply their knowledge of
science, technology, and mathematics to solve real-world problems.

4. CONCLUSION

The findings of the study indicate that STEM-PjBL learning with BAJARDI is an effective and efficient
learning tool, with a significant difference in the average value of science literacy ability between the two
learning materials usedIn terms of improving scientific literacy, STEM-PjBL learning with BAJARDI in the
experimental class outperforms the traditional model in the controller class. Higher-order cognitive abilities
are used in STEM-PjBL problem-solving with BAJARDI pupils.. It can also enhance knowledge of science,
technology, engineering, mathematics, and local integration. Teachers can use the research findings as a
guide for developing contextual science learning based on local knowledge, thereby enhancing their
professional abilities. In addition, the findings may reveal aspects of nature science education in elementary
schools that need improvement in terms of the targeted competencies.

5. RECOMENDATION

This study recommends that elementary school teachers implement STEM-PjBL learning with BAJARDI to
enhance scientific literacy. In addition, by integrating multiple disciplines, it can improve STEM comprehension and
local knowledge. The findings of this study can be used to help primary school instructors build contextual nature
science learning based on local culture, boosting their professional abilities.
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