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1. INTRODUCTION

Enhancing the quality of education in Indonesia can be achieved through the adoption of
educational reforms. These reforms involve a shift from traditional learning methods toward
approaches that better foster critical thinking skills (Febriana & Cecep Anwar, 2022). As a result,
applying STEM-based learning methods can support the development of students' critical thinking
abilities. Critical thinking involves reflective thought aimed at making informed decisions on what
beliefs to hold and what actions to take (Elisabeth Irma Novianti Davidi, 2021). Educational quality is
a complex and evolving concept, observable from various perspectives over time. At the micro level,
achieving quality education in higher learning institutions is a key responsibility of lecturers, who do
so by creating impactful learning experiences and providing resources to ensure optimal learning
outcomes. At the macro level, universities, through a well-structured learning system, are responsible
for shaping qualified educators capable of fostering both intellectual and character development
(Sinambela, 2017).

STEM can train students to apply their knowledge in making designs as a form of solving
problems related to the environment by utilizing technology. This is in accordance with 21st century
learning in facing the Industrial Revolution 4.0 (Permanasari, 2016). In its implementation, students are
given the freedom to provide arguments during lecture discussions. Moreover, the religious education
course is one of the basic legal courses that uses interactive discussion methods between students and
lecturers. However, it was found that some students lacked a good level of confidence to express their
arguments in front of their classmates. Therefore, the use of STEM methods will have a good influence
on student development in terms of character and pedagogy. STEM education is a learning method
that not only strengthens practical education in these scientific disciplines separately but also develops
an integrated educational approach in these scientific disciplines by focusing on solving problems in
everyday life and professional life (Aghni, 2018). STEM learning will encourage students to think, turn
theory into practice, and help produce real products using theoretical knowledge learned during
lectures. A STEM approach enhances creativity, communication, and collaboration skills necessary for
lifelong learning, and students can be open to innovation with curiosity (Ugras & Geng, 2018) .

According to the National Research Council, in STEM learning, the ability to apply teaching
strategies is as important as educators knowing various ways of learning. Increasing STEM education
at the undergraduate level is strongly recommended to adopt more flexible, active, and collaborative
pedagogical practices that will reach a diverse range of students (Nurwahyunani, 2021). Problems that
often arise in STEM learning are in the context of time management, adequacy of equipment or facilities
in preparing STEM learning activities, and patterns of organizing activities according to individual
student differences (Bal, 2022). Therefore, this research tries to analyze the role of STEM methods in
character learning for students in higher education.

Research by Fathoni et al. (2020) demonstrates that STEM (Science, Technology, Engineering, and
Mathematics) has been effectively implemented across various disciplines, particularly in science and
mathematics. Given the success of STEM education in these areas, there is a strong case for extending
its application to vocational education. In vocational learning, which emphasizes practical skills and
problem-solving in real-world contexts, the integration of STEM can facilitate better understanding and
more efficient problem-solving for students. Moving forward, it is anticipated that more teachers and
lecturers in vocational education will adopt and expand the use of STEM in their instructional practices.

Factors inhibiting educators' readiness in implementing STEM learning are the lack of information
or knowledge about STEM for educators and the low creativity of educators (Siron et al., 2020). Students
who receive STEM education are expected to be able to think logically and use technology
independently to solve problems, innovate and create things (Shernoff et al., 2017).

Moreover, research by Sakti et al. (2022) indicates that STEM-based educational tools and active
learning strategies positively impact students’ scientific literacy within the Bachelor of Science
Education program at Bengkulu University. Specifically, first-year science courses in the 2021/2022
academic year demonstrated how STEM integration in teaching practices enhances students' ability to
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understand and engage with scientific concepts. Supporting this, findings from Khairani et al. (2018)
reveal that STEM learning fosters students' capacity to translate ideas and concepts between STEM-
related disciplines, such as integrating mathematical ideas within science and vice versa, further
emphasizing the potential of STEM to strengthen interdisciplinary understanding.

However, significant challenges persist in implementing STEM education, particularly in
universities such as Pelita Bangsa University in Bekasi Regency. As one of the largest institutions in the
area, with around 3,000 alumni and 8,000 students in the 2022/2023 academic year, Pelita Bangsa
University encounters several barriers to STEM integration. Interviews with religious education
lecturers in the Primary School Teacher Education (PGSD) Study Program reveal a general lack of
familiarity with STEM methodologies, resulting in difficulties integrating STEM approaches into both
in-person and online courses. Observations also highlight that some lecturers struggle to design STEM-
based lesson plans, underscoring the need for targeted support in implementing these approaches
effectively within the curriculum.

This study, therefore, aims to assess the effectiveness of the STEM teaching model currently
employed by religious education lecturers at Pelita Bangsa University. By examining its application
and outcomes, this research seeks to provide insights into how the STEM approach can be further
developed to improve the quality and relevance of education, ultimately equipping lecturers and
students with the skills necessary for contemporary academic and professional environments.

2. METHOD

The research methodology employed in this study is qualitative in nature, focusing on observing
phenomena and interpreting the significance of these phenomena. Qualitative research typically
centers on questions related to who, what, where, and how an event occurs (Supyani & F, 2021).
Specifically, this study adopts a phenomenological approach, aiming to describe how lecturers in the
Elementary School Teacher Education Program at Pelita Bangsa University implement the STEM
model. A phenomenological approach enables a deep examination of faculty members' experiences and
perceptions of STEM education, analyzing collected data to reveal underlying themes and meanings.
This interpretation seeks to capture the core of their experiences within the broader STEM education
context, using data from interviews and documentation for descriptive insights. The effectiveness of
qualitative research depends significantly on the clarity and depth of language used in the analysis
(Basri, 2014). The study was conducted during the even semester of the 2021/2022 academic year, with
the population comprising all program lecturers at Pelita Bangsa University. The sample included all
permanent lecturers in Religious Education within the program, offering a comprehensive view of
these lecturers' experiences and insights into STEM education. This sampling enhances the validity,
credibility, and richness of the findings, leading to more robust conclusions.

Data collection methods included interviews, observation, and documentation with lecturers who
hold a National Lecturer Identification Number (NIDN), classified as permanent faculty at Pelita
Bangsa University. Data were gathered using a Google form link, compiled, analyzed, and narrated to
form conclusions. Semi-structured interviews with open-ended questions enabled researchers to
explore participants' subjective experiences and perceptions regarding STEM education, aligning with
the phenomenological approach. This method facilitated a nuanced and detailed exploration of
participants' teaching experiences, capturing the complexities and subtleties of their perspectives.

The data analysis followed a structured procedure designed to ensure thorough and meaningful
interpretation.
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Figure 1. Data Analysis Procedure

3.  FINDINGS AND DISCUSSION

3.1. Science, Technology, Engineering, and Mathematics Learning Management

Implementing STEM-based learning management begins with careful planning to ensure an
effective and efficient educational process that fosters students’ higher-order thinking skills. To
enhance learning quality, the stages of lesson study are employed: planning learning activities (plan),
observing the learning process in action (do), and continuously reflecting on implemented activities
(see).

The techniques, methods, and strategies that educators —especially lecturers—apply significantly
impact students' attitudes and engagement in learning (Siron et al., 2020). According to an interview
with the Head of the Primary School Teacher Education Study Program at Pelita Bangsa University,
many lecturers struggle to connect the curriculum's value-oriented content with their students' real-life
challenges. This issue is consistently highlighted in semesterly evaluations of lecturer performance
(Sunaryati, 2022).

For this study, data were collected via a Google form distributed to Pelita Bangsa University
lecturers. The form gathered information on lecturers' familiarity with the STEM (Science, Technology,
Engineering, and Mathematics) learning model. Lecturer responses were based on a series of 11
statements rated on a Likert scale, providing insight into their perspectives and knowledge of STEM
integration.

Table 1. Research Survey Results

Statement Results
Good knowledge of learning methods Very high
Knowledge of knowing STEM approaches well Very high

Provide a statement about the phenomenon that is happening High
to students

Providing scientific information that can be a solution to Very high
solving problems for students

Utilization of technology tools in learning Very high
Technology can influence students' thinking Very high
tools help continuous learning Very high
Ability to develop learning technology with more creative Very high

and innovative designs

Students are able to provide ideas during learning Very high
Students are able to analyze formulations in problem solving  Very high
Students are able to solve problems mathematically Very high
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Based on the table above, data is obtained that Religious Education lecturers in the Pelita Bangsa
University Elementary School Teacher Education study program have high knowledge which leads to
STEM (Science, Technology, Engineering and Mathematics) learning. It can be seen in the table that the
average of all statements related to the preparation and competence of lecturers in implementing the
STEM learning model is very high (Sunaryati, 2022). This is one of the things that is important for the
continuity of learning through STEM methods because in principle STEM learning has one goal, one of
which is to create students who are able to integrate theoretical aspects learned in class with reality in
class. life, meaning that lecturers must be able to provide stimulus about phenomena. That's what
happens, like learning with a comprehensive case study method. So that students are able to respond
to case studies with the theories they have received in previous learning. Apart from these indicators,
lecturers have been proportionally able to apply the STEM paradigm to the learning process in the
classroom and outside the classroom. Moreover, lecturers are required to always update aspects of
learning methods and learning strategies so that the learning process in class is dynamic.

Religious education courses at Pelita Bangsa University are held for 6 semesters. Every semester
students take religious education courses. This is an effort by Pelita Bangsa University to internalize
religious, cultural and social values in student life so that students have superior character in
accordance with one of the university's great visions, namely creating a generation with the best morals.

Through the STEM approach, lecturers are empowered to integrate religious values both
theoretically and practically. STEM's focus on developing students' psychomotor and affective aspects
ensures that what lecturers teach serves as a model for behaviors students can incorporate into their
daily lives. To keep lecturers aligned with the latest advancements, Pelita Bangsa University
implements engaging development programs. These include journal writing training, community
service workshops, religious studies, and other initiatives aimed at enhancing lecturer competencies.
These efforts reflect the university's commitment to equipping its faculty with the skills to bridge
academic theories with contemporary societal needs, with STEM serving as a key method for achieving
this integration.

It is indeed difficult to unite STEM education in learning into a single unit that emphasizes the
interconnection of these four disciplines because they influence the effectiveness of STEM education
programs. Considering that the STEM approach refers to four components of science, namely
knowledge, technology, engineering, and mathematics, sometimes students cannot connect these four
components in the learning process (Aghni, 2018).

3.2. Implementation of Science, Technology, Engineering, and Mathematics

When implementing STEM-based learning, educators, and lecturers must approach the process
creatively to keep it engaging and effective. This approach often involves leveraging technology to
support students in developing skills to solve problems both mathematically and logically. Currently,
some lecturers in the Elementary School Teacher Education program at Pelita Bangsa University rely
on general lecture designs rather than specialized ones tailored to STEM. To prepare students for the
challenges of the 21st century, educators must adopt effective strategies, such as STEM, that promote
critical thinking and problem-solving skills (Siron et al., 2020). Incorporating STEM into the learning
process not only enhances active learning but also boosts student motivation and engagement
(Wahyuni et al., 2020).
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Figure 2. Supporting components for STEM learning

The explanation in Figure 2 is as follows: (1) Support aspect, which is related to support for the
implementation of STEM learning, be it school collaboration with industry or collaboration between
teachers in one school; (2) Teaching aspect, which is related to mastery of learning in class, both in terms
of preparation and implementation of learning in class; (3) The efficiency aspect, related to educators'
confidence in implementing STEM learning, starting from mastery of the material and commitment to
implementing learning; and (4) Material aspects, namely those related to supporting learning
infrastructure. These four components must complement each other so that in the learning process
students can experience the STEM approach in solving a given problem (Stohlmann et al., 2012).

Skills in using technology are one form of integration in STEM learning. Because basically STEM
refers to four fields of knowledge, namely science, technology, engineering and mathematics.
According to the Big Indonesian Dictionary (KBBI), these four fields of science have different meanings,
namely: (1) Science is systematic knowledge obtained from observation, research and testing which
leads to the principles of something being investigated and studied; (2) Technology, namely all means
of providing goods necessary for the continuity and comfort of human life; (3) Technique, an approach
or system for doing something; and (4) Mathematics, namely the science of numbers, relationships
between numbers, (National, 2018). The definition of STEM is a learning approach between two or more
STEM components or between one STEM component and other scientific disciplines (Becker & Park,
2011). The following STEM goals can be seen in the following image:
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Figure 3. STEM Goal

Figure 3 illustrates how STEM-based learning engages students in science, technology,
engineering, and mathematics within real-world contexts, linking school, the workforce, and global
perspectives to foster STEM literacy. This literacy equips students with the skills needed to compete in
the 21st-century educational landscape. STEM education seeks to address real-life challenges by
applying integrated subjects in schools that combine students' knowledge, skills, and attitudes. The
overarching goal of STEM in education is to prepare capable and competitive students who are ready
to excel in their chosen fields. Therefore, effective STEM implementation requires seamless integration
across disciplines (Fathoni et al., 2020).

At Pelita Bangsa University, lecturers leverage a management information system (e-campus) for
the planning, organization, implementation, and evaluation of learning activities. The E-campus
platform enables lecturers to link course content with real-world phenomena or case studies, enriching
the learning experience through relevant applications. The following is an overview of the e-campus
system:
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Figure 4. Pelita Bangsa University Management Information System

Figure 4 illustrates that all learning resources and tools at Pelita Bangsa University are
integrated into a management information system known as UPB e-campus, where lecturers conduct
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both lesson planning and evaluation. This system supports the STEM (Science, Technology,
Engineering, and Mathematics) approach, which integrates these four fields to address real-world
challenges through collaborative and systematic methods (Torlakson & Bonilla, 2014). STEM learning
encourages students to tackle problems by conducting structured research (mathematics), observing
and experimenting (science), applying their technical expertise (engineering), and making use of
technological resources (technology) (Fathoni et al., 2020). By incorporating STEM within the UPB e-
campus, Pelita Bangsa University not only enhances academic planning and assessment but also
strengthens students' problem-solving skills, preparing them for real-world applications and
competitive, dynamic career landscapes.

Technology is really needed by lecturers and students to access information related to STEM
(Science, Technology, Engineering, and Mathematics) learning. Learning facilities that use technology
during the learning process have an effect on student learning outcomes and skills (Nuragnia et al.,
2021). Information technology-based education is seen as a way to prepare students for the "information
or digitalization era" by teaching them the basic skills they will need in the world of work. In addition,
digital competency is used to describe the skills and knowledge needed to prepare students to face
global competition and for their future career development. Currently, the term includes computer
interaction skills such as using a keyboard and basic software (Fraillon et al.,, 2014). Lecturers or
educators and students will collaborate using good technology to process data and convey the
information that has been obtained (Wahyuni et al., 2020). By maximizing learning using technology,
STEM learning process activities which are a new model for educators or lecturers will not be a problem
because they are equipped with the necessary devices and do not interfere with the learning or lecture
process (Sutrisno & Hamdu, 2020).

Integrating STEM into the learning process can enhance educators' pedagogical skills, enabling
them to raise both the quality of instruction and the overall institutional standard. A solid grasp of
STEM allows educators to drive meaningful educational development, positively impacting
institutional quality. Thus, consistent, continuous, and sustainable STEM training is essential for
educators to build the competencies required to navigate the rapidly evolving challenges of the 21st
century. Students in Pelita Bangsa University’s Primary School Teacher Education (PGSD) program, as
future primary-level educators, are expected to gain both knowledge and behavioral insights,
equipping them to create a positive impact effectively and efficiently (Pramudiyani & Indratno, 2021).

STEM has been extensively researched and documented across numerous academic studies. Prior
research highlights that STEM can be supported by various innovative methods to foster creativity and
innovation. The application of STEM also encourages students to design, develop, and leverage
technology to apply knowledge practically, addressing real-life and environmental challenges
(Permanasari, 2016). Furthermore, training sessions with experts in STEM fields have proven beneficial,
as they foster effective communication and address specific instructional challenges faced by educators,
helping them design more innovative, technology-driven, and creative approaches to teaching (Atmojo
et al., 2020).

A lecturer, derived from the Sanskrit term "Lecturer,” meaning "heavy," is essentially an educator
responsible for imparting knowledge. In Indonesia, the term generally refers to professional educators
whose primary roles include teaching, guiding, assessing, and evaluating students. Lecturers typically
work across all educational levels, from early childhood to higher education, requiring specific formal
qualifications. Broadly, anyone who teaches new concepts could be considered a lecturer, with similar
roles described by terms such as "Mentor," "Tutor,” and "Instructor” (Sinambela, 2017).

Lecturers today must adapt to 21st-century teaching methods, where technology and information
systems play a pivotal role in the learning process, especially in this era of disruption. Integrating
information technology into academic settings enhances educational quality by streamlining
communication between lecturers and students, facilitating access to information and resources, and
diversifying learning materials. Beyond simply transferring knowledge, lecturers are expected to
demonstrate comprehensive competence as outlined by Law Number 14 of 2005 on teachers and
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lecturers and Government Regulation Number 74 of 2008, which includes pedagogical, professional,
personal, and social competencies. These competencies are critical indicators of a lecturer's
professionalism in fulfilling their role in higher education. Lecturer professionalism embodies the
expertise, values, objectives, and quality essential to their educational duties. In this sense, professional
lecturers are integral to a high-quality educational process, as they must continually seek personal
development and self-actualization (Hatip et al., 2018).

In addition to professional competencies, lecturers should also possess spiritual intelligence to
effectively transfer values to students during the learning process. Spiritual intelligence is deeply
connected to soul enrichment, allowing individuals to find positive meaning in life’s experiences,
challenges, and even hardships. This perspective fosters a sense of inner purpose and encourages
constructive actions. Major world religions recognize the spiritual aspect of humanity, suggesting that
individuals are spiritual beings temporarily experiencing physical existence as part of a larger spiritual
journey. An indicator of spiritual intelligence is social skills, which enhance a lecturer's ability to engage
with students meaningfully (Ardana et al., 2013).

Increasing lecturer competence can be done through learning both through education inside and
outside school. In schools, apart from observing and analyzing the teaching and learning process that
is being implemented, lecturers' abilities can also be improved with various secondary data (books,
internet, laboratories) in the school environment. For this reason, stakeholders (schools, government
and school supervisors) are obliged to provide these learning facilities for the progress and success of
schools in educating the community. In addition, schools are required to have lecturer competency
development management that can plan and facilitate structured training to form competent lecturers.
Management is necessary and useful for all types of organizations; politics, business, education, sports,
government, etc. Organizations of all sizes, small organizations such as households, and larger
organizations. Large educational institutions also need to be managed. Education, whether at home, in
the community, or at a school/religious school, will achieve its goals optimally if it is properly managed.
The application of management in the field of education is called educational management (Febriana
& Cecep Anwar, 2022).

The application of STEM to the learning or lecture process begins with planning learning tools.
The method used is STEM (Science, Technology, Engineering, and Mathematics) based, developing
lecture materials that are appropriate to STEM learning. In the learning process, lecturers develop
problem-solving abilities to train students' thinking abilities and design lecture rooms with an
interactive atmosphere. Curriculum development with a STEM approach in planning and designing
learning can be the main thing that can be started in implementing STEM (Sa'ida, 2021).

Another research result obtained from this research is that educators direct students' abilities in
solving problems mathematically and logically with these abilities to provide meaningful learning for
everyday life. In this context, educators build a more meaningful lecture atmosphere for students by
connecting STEM learning with everyday life so that it can increase student success while in class (Bal,
2022). Ultimately, STEM application opportunities can model for students what engagement can look
like as lifelong learners who seek to influence themselves and society more broadly (Havice et al., 2018).
Educational institutions, in this case universities, are expected not only to provide formal higher
education tri dharma services, namely education, research and community service, but to provide more
discipline lessons based on simple reductionism and teach more skills to face increasing challenges. .
complex world (Agry & Kartono, 2021). Research on education in the learning process using STEM
models (Science, Technology, Engineering, and Mathematics) can support the development of
prospective teachers' knowledge of teaching, growth mindset, and positive attitudes about the role of
teaching models in their teaching practice (Milner-Bolotin, 2018) .

Lecturers can carry out STEM learning with various patterns and formulations, including the
following: 1) Project Based Learning (PjBL) Model, Lucas' version of STEM; 2) Project Based Learning
(PjBL) Model, the STEM version of Laboy Rush; 3) 5E models. The STEM-PjBL (Science, Technology,
Engineering, and Mathematics-Project Based Learning) approach has several steps, each of which aims
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to achieve a certain process. PjBL starts with asking questions, teaches creativity, and is carried out as
a team.

The first stage of STEM-PJBL (Project-Based Learning) is reflection, where teachers introduce
students to relevant problems, encouraging them to explore and investigate these issues. This phase
aims to immerse students in the context of the problem, inspiring them to begin exploring solutions. It
also helps students connect what they already know with what they need to learn, setting a foundation
for further investigation and discovery.

Following reflection, students enter the research phase, which involves conducting in-depth
investigations. At this stage, teachers facilitate learning through scientific materials and encourage
students to gather information from various resources. The research phase is critical as it enables
students to deepen their understanding and clarify abstract concepts. Teachers often engage students
in discussions during this phase to help them solidify their understanding and ensure that they grasp
the project's core concepts.

The subsequent stages include discovery, application, and communication. In the discovery stage,
students apply their research findings to bridge existing knowledge and prepare for project planning.
Often, students work in small groups to brainstorm solutions, fostering collaboration and critical
thinking. In the application stage, students test their solutions or products, learning through practical
experience and refining their work based on results. Finally, the communication stage involves students
presenting their solutions, sharing insights with peers, and receiving constructive feedback. This final
stage is essential for building communication and teamwork skills, often concluding with assessments
based on students' presentations and collaborative efforts (Ishak et al., 2021).

4. CONCLUSION

The study on the learning process within the Elementary School Teacher Education program at
Pelita Bangsa University reveals that implementing STEM (Science, Technology, Engineering, and
Mathematics) education significantly enhances students' problem-solving skills and technological
proficiency, making it highly applicable to real-life contexts. Furthermore, STEM's integration in the
curriculum contributes to students' ethical development by incorporating humanistic values, while
fostering lecturers' pedagogical professionalism through effective teaching strategies. These findings
suggest that wider discussions on STEM implementation across educational institutions could amplify
its benefits, encouraging broader application among educators in both public and private universities.
However, this research is limited to a single university program, suggesting that future studies should
explore STEM's impact across diverse educational settings to generalize the findings and refine STEM
teaching practices further.
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