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1. INTRODUCTION

Science, technology, engineering, and mathematics (STEM) is an interdisciplinary field where these
different disciplines mutually reinforce and support each other, fostering a holistic approach to problem-
solving and innovation [1]. In this field, the contents of subjects are not separated but viewed as dynamic and
fluid, with teachers, specifically those in STEM, emphasizing an integrated approach to teaching and learning
[2]. Therefore, STEM education serves as an alternative approach to prepare students for the challenges of
the 21st century. It aims to promote and support the development of critical thinking, problem-solving,
creativity, and scientific literacy in students, starting from an early age [3]-[5].

Furthermore, adapting the conceptual framework of STEM education to Indonesian policy will be
considered in three parts: technology, science, and mathematics. A characteristic of Indonesian science,
mathematics and technology is that knowledge is always linked to Almighty God, the social life of the
society and nation, and local wisdom such as natural conditions [6]. This characteristic of STEM learning in
Indonesia can be implemented through project-based learning. STEM integrated with project-based learning

Journal homepage: http://ijere.iaescore.com


https://creativecommons.org/licenses/by-sa/4.0/

2586 O ISSN: 2252-8822

can make learning more student-centered and more meaningful because students are given the opportunity to
make connections between learning and the real world [7]. This type of learning is a significant teaching
strategy aimed at preparing and equipping students for the workforce and for thriving future lives [8]. It is
crucial to acknowledge that the pedagogical concept of project-based learning differs from traditional
learning. This approach promotes learning through inquiry, encourages collaborative problem-solving that
reflects the thought processes of students, and piques the interest of students by connecting learning to topics
related to everyday life [9], [10].

At primary school level, learning science is expected to establish a foundation and provide students
with the opportunity to explore the environment and connect it to their everyday lives. This early exposure to
science in primary school serves to nurture the interests of students in and aspirations for science-related
fields and careers. However, it is essential to clarify that primary school students often have limited
opportunities to actively engage with scientific practices in relation to science content [11]. STEM education
is related to the application of scientific learning in their science classrooms [12]. STEM education is widely
used by teachers as a context and real-life problems, and is believed to create interesting learning, help the
achievement of affective and cognitive domains in science learning, increase student interest, and
subsequently students can solve problems while learning science [13]. In developing countries like Indonesia,
STEM learning remains infrequent, specifically at primary school level. This is a concern, as it can lead to a
lack of a solid foundation for science-related subjects among students. As a result, when these learners
progress to middle and high school, they may lose interest in STEM subjects due to the absence of solid
groundwork [14].

As observed from previous studies, most teachers have recognized STEM education as the
integration of technology, engineering, and mathematics into science, but only approximately half of these
educators have practical experience with STEM learning [12]. However, it is essential to acknowledge that
STEM education or project-based learning approach can significantly enhance the scientific literacy and
critical thinking skills of students [15]. Scientific literacy, in this context, comprises the capacity to engage
with science-related issues and ideas. It emphasizes the ability to apply scientific knowledge in real-life
contexts as reflective citizens.

On the other hand, critical thinking is a disciplined process that includes active and skillful
conceptualization, application, analysis, synthesis, and evaluation of information gathered from observation,
experience, reflection, reasoning, or communication. It serves as a guide for forming beliefs and taking action
[16]. In the implementation of STEM learning, teachers encounter various challenges that indirectly impede
its adoption in the classroom. These challenges include limited time [1], [17], a shortage of learning
resources such as modules, worksheets, and books [18], difficulty in selecting appropriate strategies and
projects [19], student attitude [20], teacher skills [21], and school demographics [22]. The scarcity of STEM
study in relation to various subjects, media, and learning strategies in Indonesia presents opportunities for
educational examinations to explore and contribute to this field [23].

Both STEM education and project-based learning offer valuable hands-on learning experiences that
empower students to apply their existing knowledge to solve real-life problems [24], [25]. However, the
effective implementation of this form of learning, which comprises aspects like design, collaboration, and
differentiation, can be challenging. Based on this insight, teachers often require practical examples, detailed
guidance, and models of best practices to navigate this approach successfully [26]. Another equally vital
aspect is the provision of materials, activities, and resources that can aid in fostering the development of
relevant skills in this 21st century among students [27]. In this regard, to simplify the need for an overview of
learning strategies and necessary teaching materials, modules can be instrumental and readily used by both
teachers and students in school. However, in Indonesia, many of these existing modules have been found to
not be in line with the characteristics of STEM-based learning materials [21].

Itis also crucial to clarify that previous studies conducted with a focus on the development of STEM
project-based learning modules were predominantly carried out at the secondary or university levels [28],
[29]. In accordance with this, the development of such a solution for primary schools remains relatively
uncommon. Considering the identified study problem, there is need for a solution that offers STEM
education using project-based learning approach, presented in the form of modules. In this regard, these
learning approaches should be developed with the purpose of cultivating 21st century skills, including
scientific literacy and critical thinking, among primary school students. Therefore, this study aims to assess
the need for the development of STEM module based on project-based learning approach for primary school
teachers.
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2. METHOD
2.1. Study design

This study utilizes the design and developmental research (DDR) approach, which was introduced
by Richey and Klein [30]. This approach is particularly well-suited for explorations characterized by the goal
of producing a final decision or creating new elements, such as models, modules, frameworks, taxonomies,
and similar studies [31]. Furthermore, the DDR approach consists of three phases including need analysis
phase, the design and development phase, and the assessment phase. It is essential to clarify that each phase
uses distinct methods for sample selection, instrument usage and data analysis. For this particular study, the
focus was on the first phase, which is the need analysis. The main objective of this phase is to collect data
regarding the need for module development, primarily from the perspective of teachers.

2.2. Population and study sample

The population of this study comprises primary school teachers residing in the Cirebon District,
Indonesia. Based on the data obtained from the Indonesian Central Statistics Agency, the population of
primary school teachers in Cirebon district totals 8,672 [32]. According to Krejcie and Morgan [33], the
required sample size was 368 individuals, which was determined from the total population. However, it is
important to clarify that this survey gathered responses from a total of 483 participants who randomly and
freely completed the survey distributed by researchers. Because the study specifically targets teachers
instructing students from the third to sixth grades of primary school and only includes respondents willing to
participate, a selection process was carried out, resulting in 397 teachers meeting the established criteria. This
sample size is adequate for the population in Cirebon District.

2.3. Study instrument

Need analysis in this study was conducted using an online survey approach through Google Forms
to reach the intended audience. This approach aimed to identify existing issues related to STEM education
and project-based learning in primary school, gauge the necessity for the development of STEM project-
based learning module, and determine which topics should be prioritized based on teacher feedback.
Furthermore, the survey design, in this context quantitatively captured the trends, attitudes, and opinions
within a population to assess relationships between various other population variables [34]. For this study, an
online survey was used via Google Forms. This approach offered several advantages compared to traditional
paper surveys, including being paperless, environmentally friendly, time-efficient, cost-effective, providing
accurate collation of answers from the respondents, and being practical in its implementation [35]. The 5
Likert scale of agreement used in this survey questions is stated as 1=strongly disagree; 2=disagree;
3=neither agree; 4=agree and 5=strongly agree.

2.3.1. Validity and reliability instrument

To ensure the authenticity of the results, before the questionnaire is actually used, it is important for
researchers to know the validity and reliability of the instrument. In this study, content and language
validation were carried out by experts in the field of primary school education, science education, and
language. Content validity and language validity can also be classified as rational validity because they result
from rational inferences about task conditions that will measure the intended abilities or analysis using
logical analysis [36]. Results from validation, all experts agreed on the face validity, content validity, and
construct validity of the questionnaire.

Furthermore, a pilot study was conducted to assess the reliability of the instrument and enhance the
questionnaire items. In this phase, a pilot study consisting of the participation of 33 primary school teachers
was conducted to assess the reliability of the closed-item questionnaire instrument that used a 5-point Likert
scale. Range of reliability coefficient or Cronbach alpha values between 0 and 1, with between 0.7 and 0.9 as
the optimal values [34]. As presented in Table 1, the Cronbach alpha value for all elements obtained were
above 0.7 indicates the questionnaire have high reliability.

It is important to acknowledge that the teachers selected for the pilot study were from primary
school in the Depok District, which is not the population of the actual study. However, this was primarily
because the participants shared the same characteristics as the study population [37]. These characteristics
include the fact that the participants were teachers instructing students from the third to sixth grades of
primary school.

Table 1. Cronbach alpha value of the needs analysis instrument

No. Elements Cronbach alpha value  No. of items
1. Problems that exist regarding STEM and project-based learning in primary schools 0.908 16
2. Information regarding the need to develop the module 0.943 10
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2.4. Data analysis

The collected data were descriptively analyzed in order to derive percentage figures, mean values,
and standard deviations. Type 1 instruments, aimed to identify existing problems related to STEM education
and project-based learning. It also aided the identification of the requirements needed for the development of
STEM project-based learning modules. Therefore, closed items seeking to determine the most challenging
topics for students and those with the most misconceptions were analyzed in terms of percentages. Table 2
presents the interpretation of mean values, adapted from Wiersma [38].

Table 2. Interpretation of the mean value
Mean value Interpretation

1.00-2.33 Low
2.34-3.67 Medium
3.68-5.00 High

3. RESULTS AND DISCUSSION

Based on the results of need analysis, the teacher perceptions including: i) identifying current
challenges related to STEM and project-based learning in primary school; ii) assessing the necessity for
developing STEM project-based learning modules; and iii) pinpointing specific topics that require
development based on teacher perceptions are discussed.

3.1. Teacher perceptions of existing problems related to STEM and project-based learning

Before embarking on the development of STEM project-based learning modules aimed at enhancing
scientific literacy and critical thinking in primary school, it is essential to understand the challenges teachers
encounter when implementing both STEM and project-based learning. In this regard, Table 3 presents the
computed average percentage, mean value, and standard deviation derived from analysis of data obtained
through the questionnaire which addressed existing problems associated with STEM project-based learning.
As a step towards identifying the development requirements of STEM project-based learning module, this study
aimed to understand teacher perceptions regarding existing issues related to STEM and project-based learning.

Table 3. Teacher perceptions analysis of existing problems related to STEM and project-based learning

Disagree  Agree Standard
Items %) ) M feviation
Problems in project-based learning
1. Limited learning time 18.39 81.61 343 1.03
2. Limitation of teaching materials that contain project-based learning 16.37 83.63 3.45 1.02
3. Difficulty result the right project-based learning strategy 12.59 87.41  3.46 0.92
4. Difficulty choosing the right project 15.62 84.38 342 0.96
5. Limited teacher experience related to the implementation of project-based learning 16.12 83.88  3.47 1.02
6. Limited teacher knowledge of project-based approach 18.39 81.61 341 1.05
7. Lack of motivation of students 32.49 6751 3.05 1.15
8. Lack of school support 29.97 70.03 3.13 1.08
Problems in STEM education

1. Limited learning time 18.14 81.86 3.42 1.00
2. Limitation of teaching materials that contain STEM 13.60 86.40 3.54 1.00
3. Difficulty result the right STEM strategy 13.35 86.65 3.51 0.94
4. Difficulty choosing the right STEM project 11.59 8841  3.52 0.94
5. Limited teacher experience related to the implementation of STEM learning 12.34 87.66  3.49 0.94
6. Limited teacher knowledge about STEM approach 16.37 83.63  3.42 0.98
7. Lack of motivation of students 26.95 73.05 3.17 1.10
8. Lack of school support 25.69 7431 319 1.06

Average 18.62 81.38 3.38 1.01

Note: the term "disagree" combines responses of "strongly disagree™ and "disagree," while "agree" consists of “somewhat agree,"
"agree," and "strongly agree

As presented in Table 3, the data interpretation yielded a mean value of 3.38 and a standard
deviation of 1.01. This indicated that the matter fell within a moderate level of concern. Therefore, the item
with the highest mean score among the existing problems associated with project-based learning was
observed to be the limited teacher experience in implementing project-based learning (M=3.47, SD=1.02),
followed closely by the challenges associated with result suitable project-based learning strategies (M=3.46,
SD=0.92), and a lack of teaching materials that incorporate this form of learning (M=3.45, SD=1.02). These
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values indicated that a majority of primary school teachers perceive teacher experience, the difficulty in
result appropriate project-based learning strategies, and the absence of project-based teaching materials as
primary challenges faced when implementing project-based learning.

In this regard, it was also observed that the items with the highest mean scores were related to the
lack of teaching materials (M=3.54, SD=1.00), the difficulty in selecting appropriate project (M=3.52,
SD=0.94), and the challenges in result effective learning strategies (M=3.51, SD=0.94), all of which are
related to STEM. Therefore, these results show that the majority of primary school teachers perceive the lack
of teaching materials featuring STEM, the difficulties in project selection within the context of the field
under study, and the challenges in locating effective learning strategies in the same regard as primary
obstacles when it comes to STEM education. Table 3 shows the lack of teaching materials and examples of
learning strategies related to STEM and project-based learning are the main obstacles faced by teachers in
schools. Teachers in the field need examples of STEM content and forms of learning that can be applied in
their classrooms. Even though a teacher must have comprehensive and holistic knowledge, especially in
terms of learning materials [39]. Through modules it can help teachers and students obtain information about
the material and also steps in learning. This is because the module has the most complete components
compared to other learning materials, such as worksheets, study guides, basic competencies, activities,
support information, worksheets, assignments and assessments [40].

STEM education is a unique approach that involves science, technology, engineering, and
mathematics in its application. Although teacher have very similar backgrounds, they may interpret the
purpose of learning and teaching engineering design in STEM education differently. This problem can be
overcome by encourage teacher to view the use of engineering design as knowledge construction dan
providing teacher with strategies to deal with problem [41].

3.2. Teacher perceptions of the development need of STEM- project-based learning modules

In this section, the study examined the perceptions of primary school teachers regarding the
necessity of developing STEM project-based learning module. Table 4 provides an overview of the average
percentage, mean value, and standard deviation derived from analysis of data collected through the
questionnaire, with a focus on the goals of modules development. The collective teacher perspective in this
section indicated a high level of agreement, with an average value of 4.10 and a standard deviation of 0.77,
signifying strong consensus. From the mean values, it can be observed that primary school teachers in
Cirebon strongly agreed on several key points. These educators believe that students require STEM
knowledge (M=4.12, SD=0.87), and integrating this concept into the learning process, specifically with
project-based learning strategy, is appropriate (M=4.04, SD=0.76). Furthermore, the teachers expressed need
for the implementation of STEM project-based learning modules to facilitate and enhance scientific literacy
(M=4.14, SD=0.73), as well as foster critical thinking skills among students (M=4.12, SD=0.75). These results
underscored the demand of the observed primary school teachers for STEM project-based learning modules
geared towards enhancing the level of scientific literacy and critical thinking abilities inherent in students.

Table 4. Teacher perceptions analysis about development need of STEM project-based learning module

Disagree Agree Standard
Items (%) @) Men  Geviation
1. Students need to be trained in STEM knowledge. 4.03 95.97 4.12 0.87
2. Need to integrate STEM into learning in primary school. 1.76 98.24 4.13 0.72
3. STEM learning module need to be developed. 2.52 97.48 4.08 0.77
4. Project-based learning approach need to be applied in science learning in 3.02 96.98 4.09 0.80
primary school.
5. It is necessary to develop project-based learning modules in science 3.27 96.73 411 0.78
learning in primary school.
6. Integrating STEM into learning will be appropriate if implemented with 2.52 97.48 4.04 0.76
project-based learning strategy.
7. It is necessary to develop STEM project-based learning module for 2.02 97.98 4.14 0.73
scientific literacy of primary school students.
8. It is necessary to develop STEM project-based learning module for critical 2.02 97.98 412 0.75
thinking of primary school students.
9. The development of STEM project-based learning module in learning can 3.02 96.98 4.08 0.80

help improve the effectiveness of the application of scientific literacy by
science teachers in primary school in the future.
10. The development of STEM project-based learning module in learning can 2.52 97.48 4.07 0.77
help improve the effectiveness of the application of critical thinking by
science teachers in primary school in the future.
Average 2.67 97.33 4.10 0.77

Note: the term "disagree” combines responses of “strongly disagree” and “disagree,” while "agree" consists of “somewhat agree,”
“agree," and "strongly agree."

Developing STEM project-based learning module for primary school teachers ... (Riski Septiadevana)



2590 O3 ISSN: 2252-8822

The use of modules in learning can be integrated with certain learning approaches, in this study
STEM education based on a project approach is used in developing modules for primary school teachers that
can facilitate students to be actively involved in learning. The project-based learning approach suitable if
integrated with the STEM approach, this is because project-based learning or STEM is expected to produce
output in the form of products. In implementing STEM project-based learning, students are conditioned in
meaningful learning situations to understand a concept and explore through project activities, so that students
are actively involved and can stimulate students to think at a higher level and teachers have the opportunity to
teach students and then make changes to better align their teaching with the desired outcomes [42].

In accordance with the views of teachers, the STEM project-based learning module has the potential
to improve skills needed in the 21st century such scientific literacy. The STEM learning approach integrated
with project-based learning can improve students' scientific literacy skills [43]. This is because STEM
project-based learning integrated with scientific literacy engages students in real-life problem-solving
activities and engages students in investigations. Learning strategies based on STEM education approaches
also have the potential to improve students' critical thinking abilities [44], [45]. This research can give
implications to policy makers and education practitioners in order to get an overview of the development
process and form of STEM learning modules based on the project approach which is an important component
that needs to be included in the learning curriculum to facilitate the development of relevant skills that will
enable students to stand out in the 21st century.

3.3. Teacher perceptions of topics that need to be developed

The questionnaire in this section was used to gather the opinions of teachers regarding both the most
difficult and most misconception topics among students from the third to sixth grades in the fields of science.
Table 5 presents the topics considered the most difficult and those causing the most misconceptions
according to the perspectives of the teachers. It presents the results obtained from questionnaire, which
assessed both the most difficult and the largely misconception topics, based on the perspective of the
teachers. The results in Table 5 showed that, the most difficult topic is the human body organ systems, with a
percentage value of 21.16%. In contrast, the topic of matter and change exhibited the highest percentage of
misconceptions, at 21.41%.

Table 5. Analysis of teacher perceptions of topics that need to be developed
The topic that gives rise to the

The most difficult topic

No. Topic most misconceptions
Amount Percentage (%) Amount Percentage (%)

1. The five senses 7 1.76 11 2.77
2. Thelife cycle of living things 13 3.27 13 3.27
3. Conservation of natural resources and living creatures 22 5.54 27 6.80
4. Substances and their changes 71 17.88 85 21.41
5. Energy (heat and electricity) 55 13.85 39 9.82
6. Force and movement 30 7.56 44 11.08
7. Watercycle 20 5.04 19 4.79
8. Human body organ systems 84 21.16 67 16.88
9. Ecosystem 17 4.28 10 2.52
10.  Light and sound 27 6.80 26 6.55
11.  Alternative energy 21 5.29 25 6.30
12.  Solar system 30 7.56 31 7.81

Total 397 100 397 100

Previous study has indicated that the human body organ system is a complex concept for students to
grasp. While the structure and function of these organs can be effectively described by the learners, there is
often a struggle to establish the connections between their structure and function [46]. Students tend to
recognize specific body parts but face difficulties in comprehending the holistic functioning of the system
[47]. Similarly, the topic of matter and its changes has been considered challenging and prone to
misconceptions [48]. Students, in this context, encounter difficulties in grasping both microscopic and
macroscopic concepts related to matter [49], often using irrelevant concepts to explain observed phenomena
[50]. In this regard, it is essential to clarify that for primary school students, the topic of matter and its
changes can be abstract and, consequently, challenging to comprehend [51]. For the primary school students,
abstract topics can already be taught through activities that suit their cognitive development. By presenting a
context that is close to students' lives, it can make it easier for students to learn the abstract concepts.
Through STEM education based on a project approach, students learn to solve problems in their daily lives,
including engaging with abstract scientific concepts to solve the problems they face [52], [53].
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4. CONCLUSION

In conclusion, the challenges faced by teachers in the field of STEM education and project-based
learning include the scarcity of teaching materials and the difficulty of identifying suitable learning
strategies. However, it is essential to acknowledge that the observed primary school teachers expressed need
for STEM project-based learning modules to foster the development of skills in students that are relevant to
the 21st century, particularly scientific literacy and critical thinking. According to data gathered on teacher
perceptions, the most challenging topic is the human body organ systems, with a percentage value of 21.16%,
while the topic of matter and change is associated with the highest rate of misconceptions, at 21.41%. In
summary, the obtained results underscored the necessity for the development of STEM project-based
learning modules at primary school level. Lastly, this study recommended that further study should explore
the development of STEM modules based on project-based learning approach, to cater to a range of topics.
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