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ABSTRACT

The urgency of this research is based on the need for the development of STEM (Science, Technology,
Engineering, and Mathematics) learning to support the implementation of a flexible and innovative
Independent Curriculum. STEM learning integrates a range of relevant disciplines to support 21st century
skills, particularly high-level thinking skills, learning and innovation competencies, technology literacy, and
life skills. The development of STEM learning is also expected to increase the professionalism of teachers in
designing and implementing learning in accordance with the times. This research aims to improve teachers'
knowledge and skills about STEM learning, develop STEM teaching tools and materials, and analyze teachers'
responses to the application of STEM learning. This research involved 24 participants with the background of
elementary, junior high and high school teachers. Data collection and analysis were carried out using a mixed
methods approach through observation, data collection of teachers who have or have not implemented STEM,
needs analysis, and development of teaching materials and STEM materials. The findings of this study show
that teachers' professionalism at the learning preparation stage shows that the overall preparation of teachers
is in the very good category with a percentage of 86.54%, while the part of the implementation of STEM
learning is included in the very good category, at 82.19%, while the evaluation Being included in the category
of quite good is at a percentage of 73.91%, This study reveals teachers’ weaknesses in evaluating STEM
learning. Results of implementation 4C; Creativity by (91.3%), teachers are able to apply constructivist
STEM-based learning in training students to analyze authentic problems and be able to think HOTs by (100%),
Teachers have been quite successful, but still need to strengthen student communication assessment
instruments, such as presentation rubrics and portfolios in the communication aspect by (87%), and teachers
apply interdisciplinary teamwork despite limited facilities and time by (87%). The results of teachers'
responses were very positive to STEM learning. The findings of this study contribute to the literature on
teachers in implementing STEM learning in the classroom, helping teachers understand the importance of
STEM's role in supporting the Independent curriculum and learning that can train students' STEM skills in
problem-solving. In addition, it can also support the SDGS, especially SDG 4 Quality Education through
improving the quality of learning, especially in schools.

Keywords: Science, Technology, Engineering, and Mathematics, teacher professionalism, Independent
curriculum, 21st century learning

BACKGROUND

The transformation of 21st-century education demands a shift in the learning paradigm, no longer solely
focused on mastering knowledge but rather on developing critical thinking skills, creativity, communication,
collaboration, digital literacy, and complex problem-solving abilities. This shift is further strengthened by the
implementation of the Independent Curriculum, which provides teachers with the freedom to develop
innovative, contextual, and student-centered learning. In this context, teachers play a strategic role as the
primary drivers of educational change, requiring them to continuously improve their professional
competencies to design and implement learning that is relevant to developments in science and technology.
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Teacher professional development is an urgent need because the quality of learning is largely determined by
teachers' ability to adapt to changes in curriculum, technology, and student learning needs in today's digital
era (Zhou et al., 2023).

One rapidly developing learning approach considered capable of meeting the demands of 21st-century
education is STEM (Science, Technology, Engineering, and Mathematics) integrated learning. STEM learning
integrates various disciplines to solve real-world problems through evidence-based inquiry, design, testing,
and evaluation. This approach provides opportunities for students to develop higher-order thinking skills
(HRT), collaborative skills, creativity, communication, and technological literacy, which are key competencies
in the 21st century. Furthermore, STEM can also create more meaningful learning experiences because
students are directly involved in the problem-solving process related to everyday life (Nipyrakis et al., 2024).

The implementation of STEM in Indonesia has become increasingly relevant with the implementation of the
Independent Curriculum, which encourages project-based learning, problem-solving, and the strengthening of
the Pancasila Student Profile. STEM is seen as an approach capable of supporting the objectives of the
Independent Curriculum because it provides teachers with the flexibility to integrate various fields of study
according to student characteristics and the needs of the learning environment. Through STEM learning,
students are expected to not only master academic concepts but also develop the ability to innovate, adapt to
technology, and develop the life skills necessary to face the challenges of the Industrial Revolution 4.0 and
Society 5.0. However, the success of STEM implementation depends heavily on the readiness and
professionalism of teachers in developing integrated and meaningful learning (Stevenson et al., 2024).

Despite its numerous advantages, STEM implementation in schools still faces a number of challenges. Many
teachers lack a sufficient understanding of STEM concepts, integrated learning design, or assessment
strategies appropriate to the characteristics of 21st-century learning. Research on teachers' transition to
integrated STEM learning indicates that most teachers still struggle to connect science, technology,
engineering, and mathematics concepts into a coherent learning environment. Teachers also require ongoing
professional support to adapt from subject-based learning to integrated, multidisciplinary learning (Mao et al.,
2024). Rapid technological developments must be balanced with the readiness of teachers and students, the
primary users in schools. Research on information technology readiness in schools indicates that 70% of
teachers are not yet proficient in technology, such as being unable to operate a computer. The remaining 30%
of teachers who are capable of operating technology are limited to administrative teachers who work with
computers daily (Yuliardi et al., 2023). This can be a major factor in teachers' disengagement from technology,
leading to less innovative and more mundane learning. Meanwhile, the results obtained showed that the
understanding of STEM Education in 87 teachers was not developing well (Muchtar & Ding, 2024).

Another frequently encountered challenge is low teacher self-efficacy in implementing STEM learning.
Teachers often experience difficulties integrating science, technology, engineering, and mathematics into a
meaningful learning environment due to limited experience, pedagogical knowledge, and limited opportunities
to participate in STEM training. Various studies have shown that ongoing professional development programs
can increase teacher confidence, strengthen pedagogical competencies, and help teachers develop more
effective STEM learning. Furthermore, teacher involvement in practice-based training, learning reflection,
and professional collaboration have been shown to increase teacher readiness in implementing STEM in the
classroom. Therefore, teacher professionalism in STEM learning needs to be developed through systematic
and sustainable programs to be able to meet the demands of digital-era learning (Jiang et al., 2024; Tucker et
al., 2024). In line with connectivism theory, learning in the digital era emphasizes the importance of
connectivity, collaboration, and the use of technology as a means of building knowledge. The STEM approach
provides space for students to learn through digital information networks, collaborative activities, and
technology-based problem solving, thereby supporting the formation of a learning environment that is in
accordance with the characteristics of 21st-century learning (Papadakis et al., 2023).

Other research shows that STEM-based Teacher Professional Development programs can improve teachers'
Pedagogical Content Knowledge (PCK) in designing innovative and integrated learning. Teachers
participating in professional development programs demonstrated improved skills in developing learning
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tools, developing project-based activities, and connecting concepts across disciplines. Furthermore, teachers
became better prepared to develop learning oriented toward solving real-world problems and addressing
student needs. These findings demonstrate that teacher professional development is a critical factor in the
successful implementation of STEM learning in schools (Martins & Baptista, 2024).

The development of digital technology also opens up broader opportunities for teacher professional
development. The use of professional learning communities and digital training has been proven to improve
teachers' ability to integrate technology into STEM learning. Research involving 16,072 STEM teachers
showed that teachers who actively participated in digital-based professional development had better abilities
in utilizing learning technology, collaborating with colleagues, and developing learning innovations that meet
student needs. These findings indicate that teacher professional development in the digital era is not only
related to improving pedagogical competence but also the ability to utilize technology as an integral part of
the learning process (Liu et al., 2024).

Although various studies have demonstrated the importance of teacher professional development in STEM
implementation, most research still focuses on evaluating training or improving teacher competency after
participating in specific programs. Research that comprehensively integrates teacher needs analysis, STEM
learning tool development, STEM teaching material development, learning implementation, and teacher
response analysis is still relatively limited. Based on these conditions, the research problem is formulated as
follows:

e How are teachers' professional abilities in 21st century STEM learning?
e How teachers integrate STEM learning to support 21st century curriculum development programs.
e How do teachers respond in the STEM learning process?

METHOD

The research method used is mixed methods The study used a sequential explanatory design, combining
quantitative and qualitative data sequentially to obtain a picture of teacher professionalism in STEM-
integrated learning. The initial stage involved observation and questionnaires to identify teachers' knowledge,
experience, skills, readiness, and perceptions of STEM learning. Interviews were then conducted to deepen
information regarding teachers' constraints, needs, and experiences in implementing STEM learning.
Quantitative data were analyzed descriptively, while qualitative data were analyzed through data reduction,
data presentation, and conclusion drawing. The results of both data sets were then integrated as the basis for
developing STEM-based teaching materials and learning tools that meet the needs of teachers in schools
(Boice et al., 2024).

This research was carried out in the city of Surabaya for 3 months. The research subjects were 24 teachers
with different characteristics ranging from 1) elementary, junior high, and high school levels, 2) respondents
who had at least five years of teaching experience, 3) teachers were selected from various fields or subjects
relevant to STEM, such as science, biology, physics, mathematics, and other learning fields that allow the
integration of science, technology, engineering, and mathematics or who carried out STEM learning. The
selection of subjects was carried out by purposive sampling based on the criteria that have been set so that the
teachers involved have adequate teaching experience and can provide information about knowledge, skills,
experience, and professional development needs in STEM learning.

Data collection was conducted through questionnaires, interviews, observations, and documentation studies.
The questionnaires were used to obtain data on teachers' knowledge, understanding, experience, readiness,
skills, and perceptions of STEM-integrated learning. Semi-structured interviews were conducted to obtain
more in-depth information on teachers' experiences, obstacles in implementing STEM, professional
development needs, and the forms of support required in implementing STEM learning. Observations were
conducted to directly observe teachers' abilities in integrating STEM elements into the learning process,
including the use of technology, problem-solving activities, investigative activities, and the application of
cross-disciplinary concepts. Documentation studies were used to supplement the research data through
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analysis of learning tools, teaching materials, teaching modules, or learning documents used by teachers. The
use of several data collection techniques allowed researchers to obtain a picture of teacher professionalism
based on both perception data and actual learning practices, as used in mixed methods research on teachers'
understanding and implementation of STEM. (Grimalt-Alvaro et al., 2024)

The research procedure involved collecting quantitative and qualitative data, which were then integrated to
obtain a comprehensive picture of teacher professionalism in STEM-integrated learning. The first stage
involved distributing questionnaires to teachers to identify their level of knowledge, experience, skills,
readiness, and perceptions of STEM. The second stage involved observing and interviewing selected teachers
based on the questionnaire results to gain deeper insight into their learning practices, challenges, and needs.
The quantitative and qualitative data were then analyzed separately, compared, and integrated to obtain more
comprehensive findings. The integrated data were used as a basis for determining teacher professional
development needs and developing STEM-integrated teaching materials and learning tools. This approach
aligns with mixed methods research, which combines quantitative and qualitative data to understand teachers'
readiness, experience, and abilities in implementing STEM learning (Zhumabay et al., 2024).

The research instruments consisted of a questionnaire, interview guide, observation sheet, and documentation
study sheet. The questionnaire was used to measure teachers' knowledge, readiness, experience, perceptions,
and skills in STEM learning. The interview guide was used to gather information about teachers' experiences
in implementing STEM, difficulties encountered, competency development needs, and required support. The
observation sheet was used to assess the implementation of STEM-integrated learning based on aspects of
science, technology, engineering, and mathematics integration, technology use, problem-solving, student
activities, and teacher-implemented learning strategies. Meanwhile, the documentation sheet was used to
analyze the suitability of the teaching modules, teaching materials, or learning tools used by teachers with the
characteristics of STEM learning. The development of instruments covering aspects of knowledge, self-
efficacy, learning design skills, and STEM practices is consistent with the instruments used in primary research
on STEM teacher competencies and practices (Zhumabay et al., 2024).

The validity of the instruments research used by the researcher was analyzed through the assessment of two
expert validators using a scale of 1-4 adapted from Pimental (2019), with the categories of 1.00—1.75 (less
valid), 1.76-2.51 (moderately valid), 2.52-3.27 (valid), and 3.28-4.00 (very valid). The assessment was used
as the basis for giving an initial score by the validators. Furthermore, the results of the assessment were
analyzed using the Content Validity Index (CVI) to determine the level of agreement between validators on
the relevance of each instrument item. The [-CVI (Item Content Validity Index) value was calculated using
the formula:

> Validators who score 3 or 4

[—-CVI=
Y. All validators

The data obtained in this study were analyzed using quantitative and qualitative data analysis techniques in
accordance with a mixed methods approach. Quantitative data analysis was used to determine the level of
knowledge, readiness, skills, experience, and perceptions of teachers towards integrated STEM learning, while
qualitative data analysis was used to deepen the results through interview data, observation, and
documentation. Data analysis was carried out systematically starting from data processing, data presentation,
to drawing conclusions so that it can provide an overview of the condition of teacher professionalism in STEM
learning (Sugiyono, 2014).

Quantitative data analysis , data obtained through questionnaires and observation sheets were analyzed by
calculating the scores obtained for each indicator. The score results were then calculated in the form of
percentages and average values to determine the level of knowledge, readiness, skills, experience, and teacher
responses to STEM integrated learning. The results of the analysis were then categorized based on
predetermined criteria so that the condition of teacher professionalism and aspects that still require
development can be identified (Sugiyono, 2014) Table 1.
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Table 1. Interpretation Criteria for Percentage of Teacher Questionnaires on STEM Integrated
Learning

Percentage Category | Interpretation

(%)

81 —100 Very good | Teachers have excellent knowledge/skills/readiness in STEM learning

61 —-80 Good Teachers have good knowledge/skills/readiness in STEM learning

41 -60 Enough Teachers have sufficient knowledge/skills/readiness in STEM learning

21-40 Not Teachers have knowledge/skills/readiness that still need to be improved
enough

0-20 Very less | Teachers have very low knowledge/skills/readiness and require further

development.

Score obtained
P = - x 100%
Maximum score

Qualitative data analysis , data obtained through interviews, observations, and documentation are analyzed
interactively through three stages, namely data reduction, data display, and conclusion drawing
/verification. In the data reduction stage, researchers select, focus, and summarize information relevant to
the knowledge, skills, experiences, obstacles, and needs of teachers in implementing STEM learning.
Furthermore, the data is presented in the form of descriptive descriptions, tables, or groupings based on themes
so that the relationship between information is easier to understand.

The final stage is carried out by drawing and verifying conclusions based on research findings so that a clear
picture is obtained regarding the conditions and needs of teacher professional development in STEM
integrated learning (Sugiyono, 2014).

Data integration: The results of quantitative and qualitative analyses are then integrated by comparing and
connecting findings from questionnaires, observations, interviews, and documentation. Data integration is
carried out to determine the correspondence between teacher perceptions or assessments and the conditions
found through observations and interviews. The results of this integration are used as a basis for identifying
teacher needs and determining aspects that need to be developed in integrated STEM learning. Thus, the results
of data analysis can form the basis for developing STEM teaching materials and learning tools that are
appropriate to teacher needs and learning conditions in schools (Sugiyono, 2014).

RESULTS

Validation of instrument

The results of the validation of the Research Instrument showed an average with valid criteria. The preparation
aspect instrument an average score of 0.90 (very valid), as well as the Implementation and Evaluation aspects
of getting very valid criteria (1.00). From the validation results, it showed that the research instrument was
considered valid and feasible to be applied for sampling. The overall results of the validation of the research
instrument can be seen in Table 2.

Page 9414

www.rsisinternational.org


http://www.rsisinternational.org/

-
o
z

FS

= .
w o /
<& d

~

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (1JRISS)
ISSN No. 2454-6186 | DOI: 10.47772/1JRISS | Volume X Issue VIII August 2026

Table 2. The Validity Results of Instrument

No

Aspects

Instruments

Judgment

Skor

Vi

A\ |

I-CVI1

Preparation

10.

11.

Teachers plan learning with clear and measurable
goals

1.00

Learning
Planning

Teachers develop a lesson plan that includes
science, technology, engineering, and mathematics
aspects in a balanced manner

1.00

Teachers develop a lesson plan that includes
science, technology, engineering, and mathematics
aspects in a balanced manner

1.00

Development of Teaching Materials Teachers use
multiple learning resources such as textbooks,
scientific articles, and online references

1.00

Development
of  Teaching
Materials

Teachers develop engaging, interactive, and
challenging teaching materials to increase students'
interest in STEM

1.00

Teachers prepare teaching materials that support
and stimulate active and collaborative learning

1.00

Teachers provide teaching materials that can be
accessed by all students

1.00

Teachers prepare the tools and materials needed by
students for STEM experiments and practicum
activities

1.00

Teaching
Readiness

Teachers prepare diverse learning strategies to
accommodate different learning styles of students

1.00

Level

Teachers are ready to answer as student questions
and provide explanations related to STEM
concepts

0.50

The teacher prepares an initial evaluation to find
out the level of understanding of students before

0.50

Pa
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learning begins

IAverage 0.90
Teachers prepare a classroom environment
1. . : 4 4 1.00
conducive to student learning
) Teachers can bring the atmosphere and students' 4 4 1.00
' attention to focus on the learning that is being done ’
gilscslirt(;gﬁlin Teachers have prepared themselves to master the
3. nd & learning material and be prepared if there are | 3 4 1.00
questions from students
Management

4 Teachers can deliver materials and instructions in 4 4 1.00
clear language

Teachers can encourage students to be active in

learni 3 4 1.00
earning

Teachers use learning methods that are related to

and integrated with STEM learning 4 4 1.00

Implementation Teachers can deepen students' knowledge about

7. Science, Technology, Engineering and Math in | 3 4 1.00
students in learning

[mplementati Teachers can hone Science, Technology,
8. on of STEM . . T . ; 3 4 1.00
. Engineering and Math skills in students in learning
Learning
Teachers can integrate all STEM (Science,
9. Technology, Engineering and Math) components | 3 4 1.00
in learning
Teachers can integrate the use of technology in the
10. . . 3 3 1.00
learning process with students
1 Teachers can adjust learning activities according to 4 4 1.00
' real conditions through a learning backup plan ’
Adaptability
and
Flexibility Teachers can provide understanding to students
12. with substandard levels of understanding in |3 4 1.00
learning activities
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Teachers provide opportunities and openness for
13. students to express their opinions about the |4 4 1.00
learning process

IAverage 1.00

The teacher makes an evaluation questionnaire for

the learning process that is filled out by students 3 3 1.00

The teacher analyzes the learning process
2. Learning evaluation questionnaire from students as an |3 3 1.00
Reflection improvement of the next learning process

The teacher provides a report on the learning
3. process to the evaluator (between peer teachers) to | 3 3 1.00
receive evaluations from a third party

4 Teachers use more than 2 methods to assess student 3 3 1.00
' learning outcomes '

Evaluation Learning The teacher gives the student's assignment score

> Assessment | objectively according to clear criteria 3 3 1.00
Teachers provide input for all student learning
6. 3 3 1.00
outcomes based on the range of grades
Teachers use evaluation scores from peer-to-peer
7. . . 3 3 1.00
evaluators to improve the learning process
] Continuous Teachers are comrmtjted ‘Fo participating in STEM- 3 3 1.00
. based learning planning improvement programs
improvement
Teachers are committed to continuously updating
9. STEM learning in accordance with existing |3 3 1.00
developments
Average 1.00

Exploration of the application of teacher professionalism in STEM learning

The following results are presented in Figure 1. Consisting of the results of observation data, learning
preparation data, learning implementation and evaluation of STEM learning by teachers.

Page 9417

www.rsisinternational.org


http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (1JRISS)
ISSN No. 2454-6186 | DOI: 10.47772/1JRISS | Volume X Issue VIII August 2026

90,00%
80,00%
70,00%
60,00%
50,00%
40,00%
30,00%
20,00%
10,00%

0,00%

Average achievement percentage

Lesson Preparation Implementation of Evaluation
STEM Learning
BYes 86.,54% 82,19% 73,91%
ENo 13,46% 17.81% 26,09%
Aspect
EYes ENo

Figure 1. Teacher skills in STEM integrated learning

Based on Figure 1. The results of the exploration of teacher professionalism in the implementation of STEM
learning include the STEM learning preparation stage consisting of learning planning, development of
teaching materials, and the level of teaching readiness, the STEM learning implementation stage consisting of
classroom conditioning and management, implementation of STEM learning, adaptation and flexibility,
learning reflection, and the STEM learning evaluation stage including learning reflection, learning assessment,
and continuous improvement. At the learning preparation stage, it shows that the overall teacher preparation
is in the very good category with a percentage of 86.54%, while the STEM learning implementation section
is in the very good category, at a percentage of 82.19%, while the evaluation is in the fairly good category at
a percentage of 73.91%. This figure shows that teachers have weaknesses in evaluating STEM learning. This
1s because teachers still have minimal knowledge in developing test instruments for STEM itself.

The following Figure 2 shows the subjects taught by teachers based on 24 respondents. A summary of the
material integrated with STEM learning can be seen in Table 3.

Table 3. The material integrated with STEM learning

Subjects taught STEM-infused learning materials

Mathematics Relations and functions,

straight line equation,

SPLDV

Single and compound interest material (mathematics)

Pancasila Education STEM integrated learning

Teacher skills in STEM integrated learning

Implementation of Pancasila in Daily Life

Implementation of Pancasila in Daily Life (Pancasila
Education)
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Pancasila in literacy and numeracy

Informatics The concept of computational thinking (informatics)

Data Analysis Material (Informatics)

PKWU Waste recycling product planning

History of Indonesia Historical Research Methods

Art and culture Dance art

Science Ecosystem

Biology Biological Technology Innovation (Biology)
Ecosystem

Cellular Respiration

6
5 (20.8%)
4 (16.7%)
4
2(8.3%) 2(8.3%)
2
1(4.2%)1 (4.2%) 1(4.2%) 1(4.2%)1 (4.2%) 1(4.2%)1 (4.2%)1 (4.2%)1 (4.2%) 1(4.2%)1 (4.2%)
0
Al Qur'an Hadis Biologi MATEMATIKA Pendidikan Pancasila
Bahasa Inggris IPS PENDIDIKAN PANCASILA Seni...
Figure 2. Distribution of subjects taught by teachers
6
6/(25%)
4 (16.7%)
4
2 (8.3%) 2 (8.3%) 2 (8.3%)
2
1(4.2%) 1(4.2%) 1(4.2%) 1(4.2%) 1(4.2%) 1(4.2%) 1(4.2%) 1(4.2%)
0
MAN Kota Surabaya SMA Negeri 15 Surabaya SMP LABSCHOOL UNESA 2 Univer...
SMA Kemala Bhayangkari 1 Sura... SMAN 1 TANJUNGANOM SMPN 1 SAWAHAN

Figure 3. Data from 24 respondents spread across elementary school to high school and equivalent.
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Based on Figures 2 and 3, respondent data obtained from 24 respondents who filled out the research
questionnaire, shows that STEM learning has been integrated in various schools, both elementary, middle, and
high schools, both public and private, the most widely implemented is in the Pancasila Education subject
(20.8%) with a total of 5 teachers where they collaborate in learning through STEM activities. Uniquely, the
Pancasila Education Subject Team was able to integrate with religion, literacy and numeracy which teaches
critical and creative thinking, as well as student collaboration. Then Biology teachers who implemented STEM
learning as many as 4 teachers (16.75%) because they integrated with Indonesian, Economics, Physics, and
Chemistry. Teachers who integrated STEM Learning have often conducted training and participated in
workshop activities that practice STEM in the classroom. While the institution that implemented STEM
learning the most was Lab School Unesa with 6 teachers. This provides a unique picture because, when
compared to Science and Mathematics teachers who can basically be integrated with STEM, there are still
very few in the implementation of STEM learning integration.

Based on Figure 2. Evaluation Stage The results of STEM learning implementation showed a low score, with
a score of 73.91% in the "fairly good" category. This figure indicates that teachers have weaknesses in

evaluating STEM learning. This is due to teachers' limited knowledge in developing test instruments for
STEM itself.

The following results show how teachers are able to integrate STEM learning tools with aspects of 21st century
learning. This can be seen in Table 4.

Table 4. Results of integration of STEM learning tools with 21st Century learning aspects

Aspect Yes No
No 21st Century Skills (%) (%)
1 Creative 91.3 8.7
2 Critical Thinking 100 0
3 Communicative 87 13
4 Collaborative 87 13
Average 91.33 8.67

Based on Table 4. Teachers are able to encourage students to produce innovative solutions through project-
based learning. The art elements in STEAM /STEM enrich the aesthetic and design dimensions of Creativity
by (91.3%), teachers are able to apply constructivist STEM-based learning in training students to analyze
authentic problems and be able to think HOTs by (100%), Teachers have been quite successful, but still need
to strengthen student communication assessment instruments, such as presentation rubrics and portfolios in
the communication aspect by (87%), and teachers apply interdisciplinary teamwork despite limited facilities
and time by (87%).

So there needs to be a systematic, continuous activity so that the ability to apply STEM Learning can be
carried out well. This is in line with (Dulyapit (2024), Sanders, (2009). In addition, if students are exposed to
STEM learning, it will produce better learning outcomes compared to not being exposed to STEM Learning
(Edi et al, 2021). This proves that cognitive learning outcomes will also increase if STEM learning is applied
to students (Edi et al, 2021)].
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Teacher Responses in Implementing STEM Learning

6
6/(25%)
4 (16.7%)
4
2 (8.3%) 2 (8.3%) 2 (8.3%)

2
1(4.2%) 1(4.2%) 1 (4.2%) 1(4.2%) 1(4.2%) 1(4.2%) 1(4.2%) 1(4.2%)

0
MAN Kota Surabaya SMA Negeri 15 Surabaya SMP LABSCHOOL UNESA 2 Univer...

SMA Kemala Bhayangkari 1 Sura... SMAN 1 TANJUNGANOM SMPN 1 SAWAHAN

Figure 4. Responses from teachers from various institutions in East Java

Based on Figure 4. The responses of teachers from various institutions in East Java show that the impact of
STEM learning does have positive benefits, on teacher professionalism in following the development of 21st-
century learning and curriculum in Indonesia, although it is very minimal, especially technological facilities
that must be adequate for all students in the learning process. Likewise, team support in STEM collaboration
is still highly expected for continued implementation. This is in line with the results of Basthomi's research
(2025). In addition, in the aspect of support for STEAM implementation, the results show that the majority of
teachers really need support. Around 60—70% of respondents stated that they agreed and 25-30% stated that
they strongly agreed that support in the form of training, mentoring, and the availability of facilities and
infrastructure is very necessary (Zhumabay et al, 2024).

DISCUSSION

Teacher professionalism in STEM-based learning

STEM-based learning can also improve teacher competency. STEM is highly aligned with the 4.0 era. In
practice, teachers' understanding of STEM can be divided into three categories: those who have implemented
STEM-based learning, those who have not, and those who unconsciously integrate STEM into their learning.
Evaluation of these categories is necessary to achieve the goal of ensuring all teachers understand STEM and
integrate it effectively into their learning. This will ensure meaningful STEM-integrated learning is developed
(Stevenson et al., 2024).

Based on a questionnaire survey of 24 teachers actively teaching in institutions in East Java over the past five
years, 86.54% of teachers reported integrating STEM components into their learning. This figure is considered
high. This value demonstrates that Indonesia is already able to keep pace with technological and scientific
developments. Factors that can support the achievement of STEM-integrated learning include infrastructure
that meets applicable standards and the successful teaching of 4C skills to students. However, these results
must be further reviewed through an assessment of teaching materials created by teachers. This review of
teaching materials will demonstrate alignment between teacher opinions and the results of their
performance/competencies. Teacher professionalism in STEM learning needs to be developed through a
systematic and sustainable program to be able to meet the demands of digital-era learning (Jiang et al., 2024;
Tucker et al., 2024). The results of this study also show that teachers have efforts to improve professionalism,
and ongoing professional support to be able to adapt from subject-based learning to multidisciplinary
integration-based learning (Mao et al., 2024). Beside that importance of aligning instructional design features
with specific educational goals, suggesting that a nuanced, goal-oriented approach to STEM instruction can
significantly enhance student outcomes in literacy, engagement, and career readiness (Halawa et al. 2024),
explore Critical thingking of the students, (Yakub et al 2025), (Kurniasari et al., 2026).
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Practices are crucial. Evaluation results can provide insight into the processes, skills, and knowledge that
students have understood and mastered. However, existing data shows that many teachers are still unsure
whether they have conducted effective evaluations for their learning. This indicates a persistent weakness
among educators in assessing student learning outcomes. A contributing factor is teachers' perceived lack of
commitment to teaching. This leads to a lack of awareness of students' learning achievements. This issue must
be addressed to enhance all aspects, from teacher competence to student competence, to achieve quality
learning that aligns with current educational demands.

Integration of STEM Learning in teacher teaching materials

STEM-based learning can also improve teacher competency. STEM is highly aligned with the 4.0 era. In
practice, teachers' understanding of STEM can be divided into three categories: those who have implemented
STEM-based learning, those who have not, and those who unconsciously integrate STEM into their learning.
Evaluation of these categories is necessary to achieve the goal of ensuring all teachers understand STEM and
integrate it effectively into their learning, particularly in how teaching teams collaborate. The findings of this
study indicate that teacher professional development in the digital era is not only related to improving
pedagogical competency but also the ability to utilize technology as an integral part of the learning process
(Liu et al., 2024). This is in line with research by Sulitiyono et al., (2021), which found that students exposed
to STEM-based learning are able to produce effective and superior learning outcomes compared to students
not exposed to STEM-based learning because they are able to develop critical, creative, collaborative, and
communicative thinking skills.

Teacher responses in STEM learning

The results of this study show that teachers provide positive responses when implementing STEM-based
learning in various content materials taught, this is in line with (Wati et al 202) who successfully conducted a
study of teacher perceptions of a learning that plays an important role in developing ideas for teacher
professional development programs. That the implementation of STEM learning must be in accordance with
the needs of teachers in terms of content and pedagogical knowledge to implement STEM learning in the
classroom. and it is proven that even though the fields are different, teachers are able to implement STEM
learning with their teaching team. (states that teachers need to prepare themselves before teaching STEM to
students.

CONCLUSION

Based on the results of this study, it shows that the professional abilities of teachers in 21st century STEM
learning are included in the very good category, and teachers are able to prepare STEM learning, implement
STEM learning, and evaluate STEM learning even though the final results of the evaluation activities are still
included in the fairly good category.

The research also demonstrated that teachers are capable of integrating STEM learning to support 21st-century
curriculum development programs. Teachers of various subjects were able to integrate content and teaching
materials into the learning process. These results demonstrate teachers' ability to adapt to 21st-century learning
by incorporating creative, critical, communicative, and collaborative thinking into teaching materials.

The research results show a positive response from teachers during STEM-based learning despite
technological limitations.
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  I − CVI =      ∑   Validators   who   score   3   or   4     ∑   All   validators


  P =     Score   obtained  Maximum   score       x   100 %

