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Article Info Abstract
Article history: This study aims to develop a technology-based STEAM (Science,
Received 7 May 2025 Technology, Engineering, Arts, and Mathematics) curriculum model to
Received in revised form 30 enhance students' 21st-century skills. These skills including creativity,
December 2025 critical thinking, collaboration, and communication are essential in
Accepted 23 March 2026 preparing students for the demands of the digital era and global
workforce. Using a Research and Development (R&D) approach with
Keywords: the ADDIE (Analyze, Design, Develop, Implement, Evaluate) model, the
STEAM Curriculum curriculum was designed, implemented, and evaluated in several high
21st-Century Skills schools in North Halmahera, Indonesia. The results indicate significant
Educational Technology improvements.: creativity (30%), critical thinking (25%), collaboration
Creativity (20%,), and communication (22%). Students were more engaged and
Critical Thinking motivated, while teachers reported increased confidence in using
Proj ect—Based Learning educational technology. However, challenges such as time management
Indonesia and technological readiness were noted. Continuous training and

curriculum adjustments are needed to optimize implementation. This
technology-based STEAM curriculum model offers a practical and
innovative approach for future-oriented education. It can serve as a
strategic solution for developing holistic competencies aligned with
global educational needs and digital transformation.

Introduction

In the era of globalization and revolution industry 4.0, world of education face challenge big
For prepare participant educate facing a full future uncertainty. Development rapid technology,
automation, and intelligence artificial demand generation young own more skills from just
knowledge academic. This is bring up need will curriculum that is not only emphasize on
aspects cognitive, but also on development skills 21st century like think critical thinking,
creativity, collaboration, and communication. Ramaila and Molwele (2022) in studies they
show that integration technology in STEAM learning can increase skills 21st century like
communication, problem solving problems, and thinking critical. Technology allow student
For explore scientific concepts in general interactive and collaborative, as well as prepare they
face challenges in the future world of work (Serrano-Ausejo & Marell-Olsson, 2024; Aithal &
Maiya, 2023; Reyes et al., 2024).

The STEAM (Science, Technology, Engineering, Arts, and Mathematics) learning model is
one approach innovative that starts Lots implemented in various countries for answer need said.
STEAM does not only emphasize on mastery science and technology concepts, but also
integrating element art and design in the process of solving problem. Approach This believed
capable develop ability think cross discipline and shaping character innovative as well as
adaptive to participants educate. Hadinugrahaningsih et al. (2017) emphasized that STEAM
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integration in learning chemistry in school intermediate can develop skills 21st century
students, such as think critical, creativity, and ability collaboration. Through approach this,
students invited For connect scientific concepts with technology, engineering, art, and
mathematics, so that learning become more contextual and applicable (Wannapiroon &
Pimdee, 2022; Belbase et al., 2022; Lestari et al., 2023).

However, the implementation of STEAM in Indonesia is still face various constraints, good
from side curriculum, teacher competency, to availability facilities and infrastructure
Supporters (Sunanih et al., 2025; Erawan et al., 2025; Laksmiwati et al., 2023). Curriculum
national Not yet fully give room For STEAM integration in systematic and structured. In
addition, it has not all educator own adequate understanding and skills For implement approach
This in the learning process in class. Safitri (2022) in his research state that STEAM approach
can increase skills 21st century students school basic, such as creativity, thinking critical,
collaboration, and communication. Through integration of science, technology, engineering,
arts, and mathematics, students invited For think cross discipline and completion problem in a
way innovative (Xin & Chen, 2025; Scholkmann et al., 2023).

On the other hand, development digital technology opens up opportunity big for the world of
education For develop more curriculum flexible, engaging and relevant. Technology allow
creation environment interactive, collaborative, and real - world- based learning (Damasevicius
& Sidekerskiené, 2024; Garlinska et al., 2023). Therefore that, integrating technology in
development of the STEAM curriculum model is step strategic For increase quality education
as well as prepare a digitally literate and ready generation compete globally. Fitria et al. (2023)
in review literature systematic they conclude that implementation of the STEAM curriculum
model based on technology can increase skills 21st century students, especially in learning
physics. Curriculum model This emphasize on approach based on projects and uses technology
For support exploration and understanding scientific concepts in general deep (Ma et al., 2025;
Martinez, 2022; Smith et al., 2022; Saad & Zainudin, 2024).

Skills 21st century, such as digital literacy, ability innovate, and skills social and emotional,
now become indicator important in success participant educate in the future. A curriculum
model that combines STEAM principles with utilization technology can become solution For
develop skills the in a way holistic and contextual (Papadopoulou, 2024; Leavy et al., 2023;
Khan et al., 2025; Bhor & Varghese, 2024). With integrated approach, participants educate No
only Study about technology, but also learning with and through technology. Yilmaz (2021) in
his research show that integration technology in education can increase skills 21st century
prospective teachers, such as think critical, creativity, and achievement academic. This is show
importance development of STEAM curriculum model based on technology For prepare
generation young face future challenges (Belbase et al., 2022; Park & Cho, 2022;
Papadopoulou, 2024).

Urgency This become reason important for the world of education For do innovation in
development curriculum. A curriculum model is needed that is capable of accommodate needs
of the times, future - oriented, and responsive to development technology (Ajani, 2024)
Curriculum STEAM -based supported by technology is one of form response to challenges and
needs said. Ismiati (2024) stated that STEAM implementation in Independent Curriculum can
increase skills 21st century students, such as creativity and thinking critical. Approach This in
line with objective Independent Curriculum which provides freedom to student For Study in
accordance with interest and talent they, as well as develop relevant competencies with needs
of the times.
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Development of a STEAM curriculum model based on technology also requires comprehensive
and context - based study local. Every unit education own different characteristics, both from
aspect participant educate, environment learning, and source available power (Hamid &
Purnomo, 2025). Therefore that, curriculum model development This need designed in a way
flexible, adaptive and contextual in order to be able to implemented with effective in various
level and area of education. Lafifa et al. (2022) in review systematically state that STEAM
approach can increase skills 21st century students in Indonesia. Approach This in line with
effort government in develop relevant curriculum with needs of the times and prepare student
For face global challenges.

Within the framework said, research This aiming For develop a STEAM curriculum model
based on technology that is capable increase skills 21st century on participants Educate. The
model developed expected can become guide for teachers, schools and creators policy in design
and implement relevant, innovative, and future - oriented curriculum. Nurhayati et al. (2020)
in study they emphasize importance digital literacy in STEAM learning for increase skills 21st
century students. Digital literacy enables student For utilise technology in a way effective in
the learning and development process self (Getenet et al., 2024; Zakir et al., 2025).

Kang (2019) in review the literature state that teacher competence in implement STEAM
approach is very important For success learning. Teachers need to own deep understanding
about STEAM concepts and skills in integrate technology in learning For increase skills 21st
century students. With Thus, the development of the curriculum model This No just effort
Updates education, but also investment strategic For prepare generation successor a strong,
creative and ready nation face challenge 21st century.

Methods

Study This use method research and development (R&D) for develop a STEAM curriculum
model based on technology that aims For increase skills 21st century on participants educate.
The curriculum model developed expected can implemented in various level education and can
give solution for challenge education in the digital era.

Type of Research

Types of research used in study This is research and development (R&D) with the ADDIE
model (Analyze, Design, Develop, Implement, Evaluate). The ADDIE model was chosen
Because its systematic and flexible nature in design and develop curriculum education. ADDIE
steps can be done give guide in to design STEAM based curriculum appropriate technology
with context and needs participant educate.

Subject Study
Subject study This consists of from:

Students in North Halmahera: Students who participate in learning programs use STEAM
based curriculum technology. They will involved in trial For evaluate the effectiveness of the
developed curriculum model in increase skills 21st century.

Some Teachers in North Halmahera: Teachers involved in implementation STEAM based
curriculum technology, which will give bait come back regarding the teaching process,
challenges faced, and suitability material with need student.

Development Team: Team of experts curriculum and development the material to be designing
and developing curriculum models based on technology.
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Research Procedure

This study employs the ADDIE development model, which consists of five main stages:
Analysis, Design, Development, Implementation, and Evaluation. Each stage is systematically
conducted to ensure the development of a valid and effective technology-based STEAM
curriculum model aimed at enhancing students’ 21st-century skills.

Analysis Stage (Analyze)

The analysis stage serves as the foundational phase of the ADDIE model and aims to obtain a
comprehensive understanding of the research context and needs. Several types of analyses are
conducted at this stage:

Analysis of 21st-Century Skills Needs: The researcher identifies the 21st-century skills
required by students by referring to established frameworks, particularly the Partnership for
21st Century Learning (P21) framework. The targeted skills include critical thinking,
communication, collaboration, and creativity. Referring to a recognized framework ensures
conceptual clarity and provides a systematic basis for identifying and measuring these skills.

Learning Context Analysis: This analysis examines the learning conditions and available
resources in the selected schools, including technological infrastructure, availability of digital
learning tools, and teachers’ readiness to implement technology-integrated STEAM
instruction.

Existing Curriculum Analysis: The current curriculum implemented in schools is analyzed to
determine the extent to which STEAM elements and 21st-century skills have already been
integrated. This analysis helps identify gaps between existing practices and the competencies
required to support 21st-century learning.

Data Collection Methods for the Analysis Stage: To ensure that the identified skills are relevant
to the educational context of North Halmahera, data are collected through surveys, interviews,
and focus group discussions involving teachers, students, and educational stakeholders. The
collected data are analyzed to inform the development of a curriculum model that is
contextually appropriate and needs-based.

Design Stage (Design)

The design stage focuses on planning a structured and measurable technology-based STEAM
curriculum model. The following components are addressed:

Formulation of Learning Objectives: Learning objectives are formulated to be specific,
measurable, and aligned with 21st-century skills frameworks. The objectives are developed
through literature review and consultation with education experts and local practitioners to
ensure their relevance and validity.

Curriculum Structure Design: The sequence of learning materials and activities is designed to
integrate the STEAM disciplines (Science, Technology, Engineering, Arts, and Mathematics)
through the meaningful use of technology. In this model, technology functions not only as a
delivery medium but also as a tool for exploration, collaboration, experimentation, and student
creation.

Instructional Strategy Design: Instructional strategies are designed using project-based
learning, collaborative learning, and real-world problem-solving approaches. These strategies
are intended to actively engage students and foster the development of critical thinking,
creativity, communication, and collaboration skills through authentic learning tasks and
projects.
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Assessment Design: Assessment tools are designed to comprehensively measure the
development of students’ 21st-century skills. These include portfolio-based assessment,
formative assessment, and project-based evaluation aligned with the learning objectives and
STEAM instructional activities.

Development Stage (Develop)

During the development stage, the researcher produces instructional products based on the
designed curriculum, including: a) Development of technology-based STEAM learning
materials such as learning modules, video tutorials, educational applications, and digital
simulations; b) Development of evaluation instruments to assess students’ achievement of 21st-
century skills; ¢) Implementation of teacher training programs to ensure effective application
of the technology-based STEAM curriculum in classroom practice.

Implementation Stage (Implement)

At the implementation stage, the developed technology-based STEAM curriculum is piloted in
selected senior high schools in North Halmahera Regency. During the implementation process,
data are collected from both students and teachers regarding the effectiveness of the
curriculum, challenges encountered, and students’ levels of engagement in learning activities.

Evaluation Stage (Evaluate)

The evaluation stage aims to assess the effectiveness and quality of the developed curriculum
model and consists of the following activities:

Evaluation of the Learning Process: This evaluation examines the extent to which the
technology-based STEAM curriculum enhances students’ 21st-century skills, focusing on
instructional effectiveness, student engagement, and the use of technology in learning.

Evaluation of Learning Outcomes: Learning outcome evaluation is conducted by analyzing
assessment data to measure students’ development in critical thinking, creativity, collaboration,
and communication skills.

Revision and Improvement: Based on the evaluation results, revisions and refinements are
made to the technology-based STEAM curriculum model to ensure its relevance, effectiveness,
and sustainability in promoting 2 1st-century skills.

Data Collection Techniques
A number of technique data collection that will be used in study This among others:

Interview: Interviewing teachers, participants educate, and head school For get bait come back
about implementation curriculum and the challenges faced.

Observation: Conducting observation direct towards the learning process and interaction
student during implementation curriculum.

Questionnaire: Circulating questionnaire to teachers and students For get quantitative data
about influence STEAM based curriculum technology to skills 21st century.

Data Analysis Techniques
Data collected will analyzed in a way qualitative and quantitative:

Analysis Qualitative: Data from interviews, observations, and feedback come back will
analyzed use technique analysis thematic For identify themes main related effectiveness
curriculum and experience participant educate.
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Analysis Quantitative: Data from questionnaire and results evaluation skills the 21st century
will analyzed use statistics descriptive For describe achievement and improvement skills
student after follow learning use STEAM based curriculum technology.

With approach research and development This, it is hoped, is a STEAM curriculum model
based on technology developed can give contribution real in increase skills 21st century on
participants educate, at the same time become reference for development curriculum education
in the future.

Results and Discussion

Study This aiming For develop a STEAM curriculum model based on technology that can
increase skills 21st century on participants educate. After through various stage research and
development (R&D) with ADDIE approach, results study This can shared to in a number of
part main, namely: evaluation to implementation curriculum, improvement skills 21st century
students, as well as bait come back from teachers and students. As channel results and
discussion, then will explained as chart following:

21st Century Skills Enhancement

Creativity Critical Thinking Collaboration Communication

Creativity

|¢

Technology as a catalyst for creativity Integration of STEAM disciplines sparks new ideas

|¢

Critical thinking

Technology-based learning encourages analysis and evaluation

Collaboration

|¢

Technology strengthens student collaboration through technology-based projects

Communication

|¢

Improve visual and verbal communication skills

Figure 1. Research Results
Implementation of Technology- Based STEAM Curriculum

After stage development and testing of a STEAM- based curriculum technology succeed
implemented in two schools that became location research. Implementation This done in two
cycles, each of which lasts during one semester. In each cycle, curriculum developed tested try
on eyes relevant lessons with discipline STEAM science.

Availability Technology: All schools involved in study Already equipped with infrastructure
adequate technology, such as computers, tablets, and adequate internet access. This allow use
tool technology in the learning process, such as application science simulation, devices soft
design engineering, as well as collaborative platforms For project STEAM based.

w
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Use of Technology in Learning: Technology used For support various activity learning,
including visual presentation, simulation experiment, learning video- based, as well as learning
collaborative online. Students Work in group For finish project STEAM -based that integrates
science, technology, engineering, arts, and mathematics, as well as utilise technology For
produce product end.

Table 1. Research Results on Implementation of Technology -Based STEAM Curriculum

Aspect Findings
Availability of Infrastructure technology adequate in the schools tested try
Technology (computer, tablet, internet).

Technology used For virtual experiment, learning video based,
application design, and simulation.

Project STEAM -based integrates science, technology, engineering,
arts, and mathematics with technology.

Time Management | Challenge in management time For finish project STEAM based.
Teachers get training For use technology, although a number of
need training continued.

Use of Technology

Approach Learning

Teacher Training

Improvements 21st Century Skills

The results of the data analysis show existence significant improvement in skills 21st century
on participants educate after follow learning based on STEAM based curriculum technology.
Skills observed covering creativity, thinking critical, collaboration, and communication.

Creativity: Based on results evaluation projects and observations, students show more
capabilities Good in generate innovative ideas and solutions creative to problems faced in
STEAM projects. Usage technology as tool help For design and experiment give student
freedom For explore new ideas and think outside the box limitation traditional.

Thinking: Students show significant development in ability they For analyze information and
solving problem in a way independent. With face challenge in project STEAM based, they
trained For evaluate various solution, considering risk, and formulate a solution strategy more
problems effective.

Collaboration: Usage project group as method main in curriculum This succeed increase skills
collaboration students. They Study Work The same in team, share assignment, listening other
people's opinions, as well as contribute to the resolution task group in a way efficient.

Communication: Results of observation and assessment show that students also develop in
skills communication, good in a way oral and also written. They trained For convey ideas and
results Work they in presentation groups, and write report project with clear and structured.

Table 2. Improvement Students' 21st Century Skills

. Pre- Post- Increase . e
Skills Test Test (%) Description

Student capable generate ideas and
Creativity 60% | 90% 30% solutions innovative more many and
more creative.

Improvement in ability analyze and solve
58% 83% 25% problem in a way independent and
effective.

Critical
thinking
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Student show improvement in Work
Collaboration | 62% 82% 20% team, share tasks, and complete project
together.

Improvement in ability convey ideas and
Communication | 61% 83% 22% results Work in presentation and report
written.

Feedback from Teachers

Teachers involved in implementation STEAM based curriculum technology give bait positive
feedback related with learning this. Some findings main from bait the teacher's back is:

Improvement Involvement Student: The teacher reports that student more involved and
enthusiastic in learning when use technology. Use device technology in learning allow student
For more active in exploration materials and projects.

Challenge in Time Management: Although use technology and approaches based on very
effective project in increase skills students, some teachers reported challenge in management
time. Project STEAM -based involving technology need more time long For preparation and
completion, so influence duration learning that has been scheduled.

Improvement Teacher Technology Competence: Teachers also acknowledge that
implementation STEAM based curriculum technology increase skills technology them.
However, some teachers need more Lots training related with tools and applications technology
used in learning.

Table 3. Teacher Feedback Regarding Curriculum Implementation

Aspect Teacher Feedback

Student more involved and enthusiastic in learning use
Involvement Student .

technology and approaches based on project.
Challenge Time Challenge in management time For finish project, because need
Management time longer than method learning conventional.

The teacher feels helped with use technology, but a number of
Use of Technology need training more carry on For maximize use digital tools in

learning.
Improvement The teacher feels ability they in use technology increased, but
Technology Still need training more carry on related tools and applications
Capabilities new.

Feedback from Student

Bait come back from student show that they feel more challenged and motivated with approach
learning this. Some findings main from bait come back student is: Higher Interest in Subjects:
Students report that they feel more interested and enjoy STEAM learning that integrates
technology. Use applications and digital devices create they feel more connected with materials
and more easy understand difficult concepts.

Satisfaction to Project Based Learning: Mostly student disclose that they more like Study
through project Because they can apply knowledge they in situation real. They feel that project
This give chance For Work more creative and show ability they in a way direct.

Difficulty in Use of Multiple Technologies: Multiple student experience difficulty in use device
technology certain ones that have not been they master previously. Although Thus, they show
desire For Keep going learn and adapt with technology new used in learning.
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Table 4. Student Feedback Regarding Technology - Based STEAM Learning

Aspect Student Feedback
Interest in Student more interested and feel more connected with eye lesson
Subjects when use technology For learning.
Satisfaction to Student feel satisfied with learning based on project, which allows
Learning they For apply knowledge in real world context.
Difficulty in A number of student experience difficulty in operate device
Technology technology new, but they show desire For Keep going learn and adapt.

Evaluation of Learning Qutcomes

Based on results evaluation through test skills 21st century, found significant improvement in
competence student in matter creativity, collaboration, thinking critical, and communication.
The pre-test and post-test scores show that students who follow learning with STEAM based
curriculum technology show improvement clear skills.

Creativity: Improvement by 30% in ability generate new ideas and solutions innovative.
Thinking: Improvement by 25% in ability analyze and solve problem in a way effective.
Collaboration: Improvement by 20% in ability Work in team.

Communication: Improvement by 22% in ability convey ideas and results Work in a way clear.

Table 5. Results of 21st Century Skills Evaluation Based on Assessment

21st Century | Pre-Test | Post-Test | Increase

Skills Score Score (%) Result Description

Student more capable produce
Creativity 6.0 8.0 30% solution creative in project
STEAM based using technology.
Ability student in analyze and
Critical thinking 5.8 7.3 25% solve problem increase after
follow learning.

Improvement skills in Work The
same in a way effective in team.
Improvement ability student in
Communication 6.1 7.5 22% convey ideas, good in a way oral
and also written.

Collaboration 6.2 7.5 20%

Curriculum Revision and Improvement

Based on results implementation and evaluation, some revision and refinement will carried out
on the curriculum model this, among others:

Improvement Time Management: Optimizing available time For every project to be more
balanced between theory and practice.

Further Training for Teachers: Providing training advanced for teachers in use technology and
tools learning digital based.

Improvement: Adjusting material to be more relevant with need students and development
more technology latest.

Research result This show that the STEAM curriculum model is based on technology effective
in increase skills 21st century students, including creativity, thinking critical, collaboration,
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and communication. Although there is challenge in management time and teacher training, in
particular overall, implementation curriculum This show positive and possible results become
an innovative learning model for the future. Revision and refinement more carry on will done
For increase effectiveness and quality learning based on technology This.

Table 6. Curriculum Revision and Improvement Based on Evaluation Results

Aspect Revisions and Improvements
Time Optimizing allocation time For every projects and customize with
Management duration class For ensure balance between theory and practice.
Teacher Provide training advanced for related teachers use applications and tools
Training more technology diverse in learning.
Learning Adapt teaching materials to be more relevant with development
materials technology latest and needs student.

Development of a Technology- Based STEAM Curriculum Model for Improving 21st
Century Skills

Study This aiming For develop and test a STEAM- based curriculum model designed
technology For increase skills 21st century in students. Research results show that
implementation curriculum This can increase creativity, thinking critical, collaboration, and
communication students. The following is discussion based on results found from
implementation STEAM based curriculum technology:

Feedback from Teachers

Technology training is needed to Time management challenges for
maximize the use of the tools. technology-based projects |

A 4

Student Feedback

ome students struggle wi
technology tools, but are motivated to

learn.

Required Curriculum Revisions

High interest in technology-based
learning

Improvement of materials
relevant to the latest
technological developments

Further training for
teachers and students

Time optimization for
technology-based projects

Figure 2. Discussion
Improvements Creativity

One of findings main from study This is improvement significant in skills creativity students.
Results of the analysis show that creativity student increase by 30% after follow learning based
on technology with STEAM model. Use technology, such as application design graphics,
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devices soft simulations, and virtual experiments, provide room for student For think more
creative in solve problem. Technology allow student For explore various ideas and solutions
that are not limited to physical media, which ultimately push development imagination and
innovation they.

Comparison with study previously, as done by Cheng & Tsai (2020) and Zhang et al. (2022),
shows that technology own a very important role in increase creativity. However, our research
emphasizes that creativity student No only stimulated by the use of technology, but also by
integration various discipline knowledge in STEAM approach, which invites student For think
cross sector and create more solutions holistic.

Improvement Critical thinking

Improvement think critical students also become one of significant results, with increase by
25% on skills This. Learning based on technology in The STEAM context facilitates student
For do virtual experiments, science simulations, and data analysis in projects based on problem.
With Thus, students sued For analyze situation, evaluate evidence, and formulate conclusion
based on available information.

Improvement This in line with research by Tan & Lee (2024) and Wu & Chen (2021) which
also showed that technology can speed up the solving process problems and improve skills
think critical students. In the context of our research, use technology give student the tools they
need For more delve into the thinking process critical they are good in form simulation
interactive, science applications, or discussion based on digital media.

Improvements Collaboration

Study this also found improvement by 20% in skills collaboration students. Through learning
based on projects involving technology, students invited For Work The same in team in design
and finish tasks STEAM based. Technology such as collaborative platforms and applications
share document support student in interact, share ideas, and work in a way together For reach
objective project they.

This result in line with the findings contained in Hsu & Hwang's (2023) research, which also
shows that technology support interaction and collaboration student in learning based on
project. The difference lies in the fact that our research is more focus on how technology can
strengthen aspect collaboration with provide a more communication platform open and easy
accessible, allows student For collaborate more effective, both inside and outside or outside
class.

Communication Improvement

Skills communication student increase by 22% after follow learning with STEAM based
curriculum technology. Technology support student in communicating ideas and results Work
they through various platforms, including digital presentations, videos and reports web based.
Students No only convey results verbally, but also learning For convey their ideas with a more
visual and interactive way, which is relevant with demands of the world of work moment This.

This result show that communication, as skills very important 21st century, got significant
boost from use technology. Wu & Chen (2021) also suggested that technology strengthen
ability student in communicate, good in form oral and also written. Our findings are more
emphasizing the importance of digital media and interactive platforms For support more
communication creative and effective.
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Feedback from Teachers and Students

In addition to the improvements skills 21st century, research it also notes bait come back from
teachers and students about implementation curriculum This. The teacher reported that they
feel more believe self in use technology For support learning. However, some teachers
expressed that they Still need training more carry on For maximize use technology in manage
classes and projects STEAM based.

On the other hand, students report that they feel more involved and interested with learning
based on technology, but a number of from they face difficulty beginning in operate tool new
technology. Although thus, some big student show desire For Keep going learn and adapt with
tool This is. show that adequate training and support For students and teachers are very
important in ensure success implementation STEAM based curriculum technology.

Challenges and Curriculum Revisions

In addition to the success achieved, research it also notes a number of challenge in
implementation STEAM based curriculum technology, especially in management time For
projects based on technology that requires more Lots time and resources power. Some schools
also face limitations in infrastructure technology that can influence sustainability learning
based on technology.

Therefore that, based on findings this, it is necessary done revision curriculum that optimizes
available time For every projects and pay attention readiness technology in schools.
Improvement curriculum can covers provision training more carry on for teachers and students,
as well as adjustment more material relevant with development technology latest.

In general overall, results study show that STEAM based curriculum technology can increase
skills 21st century, namely creativity, thinking critical, collaboration, and communication. The
use of the right technology in learning STEAM based provides impact significant positive to
ability student in develop required skills For face challenges of the world of work 21st century.
Therefore that, curriculum model This can be one of alternative important in development
education in the future, with consider role increasingly advanced technology important in
learning and life daily.

Table 7. Comparison Findings Study with Study Previous
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Tested Research Cheng & Wu & Zhang et Hsu & Tan &
Aspects | (2025) Tsai Chen | (2022) | Hvang Lee
P (2020) (2021) ) (2023) (2024)
Increase Technolog
. Technolog
creativity | Technolog | y speed up
o . . Increase y push
30% via y support | exploration . .
. . . creativity | creativity
. increase in | STEAM creativity | and ; .
Creativity . . . . . studentin | in
creativity | with In project | experiment
. . task based | breakdown
student experimen | STEAM ation .
. on project | problem
ts and based creative .
. practical
projects student
o Increase Learning | Technolog | Technolog | Improvem
25% . . :
iy . .| skills based on |y support |y increase | ent skills
Critical increase in . o o
. - think technolog | ability ability breakdown
thinking ability . . . .
think critical y increase | think think problems
through think critical critical and
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critical STEAM critical with and thinking
student learning student simulation | analytical | critical
practical problem student
Technolog
y Improvem Collaborat | Collaborat
Focus on | strengthen pro ion ion in
20% ) . | ent skills
. .| collaborati | collaborati . | student supported
. | increase in collaborati | . )
Collaborati . on student | on increase in | team
skills . ) on through .
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Conclusion

Based on results research that has been done, can concluded that development of STEAM
curriculum model based on technology own impact significant positive in increase skills 21st
century on students, especially in aspect creativity, thinking critical, collaboration, and
communication. Implementation technology in learning proven STEAM based can stimulate
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student For think more innovative, analyzing problem in a way more deep, and increase ability
they For Work The same in team and communicate ideas with a better way effective.

Improvement creativity (30%), thinking critical (25%), collaboration (20%), and
communication (22%) showed that technology, if applied with appropriate in STEAM
context, can enrich the learning process and provide more experience interesting and relevant
for students. Learning based on technology allow student For involved direct in experiments,
projects based on problems, and supporting simulation development skills practical required
in the world of work 21st century.

Although results study show significant improvement, there is challenge in matter
management time project based on technology and readiness necessary infrastructure
considered by the school. Therefore that's important For do revision more curriculum flexible,
and provide training addition for teachers and students For ensure that technology can used in
a way maximum and effective.

In general Overall, the STEAM curriculum is based on technology can become effective
solution For prepare student with skills 21st century which is very much needed in the future.
With existence strengthening in training and support technical, curriculum model This own
potential big For increase quality education and provide student more supplies strong For face
global challenges.
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