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Abstract:

This study aims to explore how coding activities can stimulate computational thinking in
early childhood. Specifically, it investigates the effects of coding learning on
computational thinking skills in young children and identifies the most effective coding
activities for this purpose. An experimental design was employed, involving 100 children
aged 4-6 years. Participants engaged in coding activities using platforms such as
ScratchJr and Code.org over 12 weeks. Pre and post-intervention assessments measured
changes in computational thinking skills, supplemented by qualitative observations and
feedback from educators. The findings indicate a significant improvement in
computational thinking skills among participants following the coding intervention.
Descriptive statistics revealed notable advancements in pattern recognition, algorithmic
thinking, and problem-solving abilities. Qualitative data provided insights into the
engagement levels and learning experiences of the children. Coding learning has a

positive impact on the development of computational thinking in early childhood.

1. Introduction

In the contemporary digital era, computational
thinking has emerged as a crucial skill set essential
for problem-solving, logical reasoning, and
comprehending intricate systems [1]. This cognitive
process encompasses various components such as
decomposition, pattern recognition, abstraction, and
algorithmic thinking, all of which are fundamental
for navigating the complexities of the modern world
[2]. Introducing computational thinking early in
education is paramount, especially during early
childhood, a critical period for cognitive
development [3]. Coding, often perceived as a
technical skill, serves as a potent tool for nurturing
computational thinking in young learners, allowing
them to develop these foundational skills in a playful
and interactive manner [4].

The integration of technology in early childhood
education has been a subject of increasing interest
and research [5]. Technology in Early Childhood
Education has been explored to enhance learning
experiences and foster the development of essential
skills such as computational thinking [6]. Studies

have shown that technology can play a significant
role in engaging young children and supporting their
cognitive growth [7]. By incorporating digital tools
and resources, educators can create dynamic and
interactive learning environments that stimulate
children's curiosity and creativity[8]. STEM
education, which encompasses science, technology,
engineering, and mathematics, has gained
prominence in early childhood education due to its
potential to cultivate critical thinking and problem-
solving skills from a young age [9].

The inclusion of STEM education in early childhood
has been advocated for as a means to prepare
children for the demands of a rapidly evolving
technological landscape [10]. Research has
highlighted the importance of integrating STEM
activities early on to lay a strong foundation for
children's future academic success [11]. By
engaging in STEM-related activities, young learners
can develop a range of skills, including
computational thinking, that are essential for their
academic and professional growth[12]. Educational
robotics and computer programming have emerged
as innovative tools for enhancing early childhood
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education and promoting computational thinking
skills [13]. By introducing students to robotics and
programming concepts at an early age, educators can
foster creativity, problem-solving abilities, and
logical reasoning [14].

These technologies provide hands-on learning
experiences that engage children in meaningful
ways, allowing them to apply computational
thinking principles in real-world scenarios [15].
Moreover, the use of robotics in education has been
shown to enhance student engagement and
motivation, making learning more interactive and
enjoyable [16]. The development of children's
creative thinking and problem-solving abilities
through STEM education has been a focal point in
early childhood research [17]. STEM learning
activities have been designed to stimulate children's
creativity and critical thinking skills, preparing them
for the challenges of the future [2]. By engaging in
play-based STEM activities, young children can
explore, experiment, and collaborate, fostering a
holistic approach to learning that integrates
computational thinking with hands-on experiences
[15]. These activities not only enhance cognitive
skills but also promote social interaction and
teamwork among children [18]. Incorporating
technology-enhanced, STEAM-based teaching
approaches in early childhood education has been
shown to have positive outcomes, especially when
supported by parental involvement[19]. By
leveraging technology in remote teaching settings,
educators can create dynamic learning environments
that cater to children's diverse learning needs [20].
These approaches not only enhance children's
understanding of STEM concepts but also promote
creativity, collaboration, and critical thinking [21].
Additionally, parental support plays a crucial role in
reinforcing learning outcomes and sustaining
children's motivation and engagement [3], [15]. the
integration of computational thinking skills through
coding, the incorporation of technology in early
childhood education, the emphasis on STEM
education, the utilization of educational robotics,
and the promotion of creative thinking through
STEM activities collectively contribute to fostering

2. Materials and Methods

2.1 Research Design

This study employs a quasi-experimental design to
investigate the impact of coding learning on the
development of computational thinking skills in
early childhood. The design includes a pre-test and
post-test assessment to measure changes in
computational thinking skills before and after the
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a generation of young learners equipped with the
essential skills needed to thrive in the digital age. By
embracing these innovative approaches and
leveraging technology in educational settings,
educators can empower children to become critical
thinkers, problem solvers, and lifelong learners,
preparing them for success in an increasingly
complex and interconnected world.

Despite the recognized importance of computational
thinking, there is a significant gap in its
incorporation into early childhood education.
Traditional early childhood curricula often overlook
computational skills, focusing primarily on basic
literacy and numeracy. Consequently, young
children miss out on opportunities to develop critical
thinking and problem-solving abilities through
coding. This study aims to address this gap by
investigating how coding learning can stimulate
computational thinking in early childhood. The
primary objective of this study is to explore the
impact of coding activities on the development of
computational thinking skills in young children. To
achieve the objectives, this study is guided by the
following research questions: How does coding
learning affect computational thinking skills in
young children? And What are the most effective
coding activities for stimulating computational
thinking?

This study holds significant implications for both
educational practices and policy. By demonstrating
the benefits of coding learning in early childhood, it
advocates for the integration of computational
thinking into early education curricula. The findings
can inform educators, curriculum developers, and
policymakers about effective strategies to
incorporate coding activities, ultimately contributing
to enhanced STEM education from an early age.
Moreover, the study provides a foundation for future
research on the long-term impacts of early coding
education on cognitive and academic development.

coding intervention. Both quantitative and
qualitative data collection methods are utilized to
provide a comprehensive analysis of the effects of
coding activities.

2.2 Participants

The study involves 100 children aged 4-6 years from
several preschools in an urban area. Participants are
selected using purposive sampling to ensure a
diverse representation in terms of socio-economic
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background, gender, and prior exposure to
technology. Parental consent and child assent are
obtained for all participants.

2.3 Instruments and Materials

1) Coding Tools and Platforms:

o ScratchJr: A visual programming language
designed for young children to create
interactive stories and games.

o Code.org: An educational platform offering
age-appropriate  coding activities and
tutorials.

2) Assessment Tools:

o Computational Thinking Test for Young
Children (CTTYC): A validated instrument
measuring key computational thinking skills
such as pattern recognition, sequencing, and
algorithmic thinking.

o Observational  Checklists:  Tools  for
recording children’s engagement, problem-
solving behaviors, and collaboration during
coding activities.

2.4 Procedure

1) Pre-Intervention Assessment:
o Administer the CTTYC to all participants to

establish baseline computational thinking
skills.

Conduct initial observations to document
children’s natural problem-solving
behaviors and interactions.

2) Coding Learning Intervention:
o Implement a 12-week coding program

where children engage in weekly coding
sessions (30-45 minutes each) using
ScratchJr and Code.org.

Sessions are facilitated by trained educators
who guide children through coding
activities, ensuring a balance of structured
tasks and free exploration.

Activities  include  creating  simple
animations, interactive stories, and basic
games,  progressively increasing in
complexity to challenge children’s thinking
skills.

3) Post-Intervention Assessment:
o Re-administer the CTTYC to all participants

to measure changes in computational
thinking skills.

Conduct follow-up observations to capture
any shifts in problem-solving behaviors and
engagement levels.

2.5 Data Collection and Analysis
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1) Quantitative Data:
o Pre-test and post-test scores from the

CTTYC are analyzed using paired t-tests to
determine the statistical significance of
changes in computational thinking skills.
Descriptive  statistics (mean, standard
deviation) are calculated to summarize the
data.

2) Qualitative Data:
o Observational data are coded and analyzed

thematically to identify patterns and insights
related to  children’s  engagement,
collaboration, and problem-solving
strategies during coding activities.
Feedback from educators and children is
collected through semi-structured
interviews and focus group discussions,
providing additional context to the
quantitative findings.

3) Mixed Methods Integration:
o Quantitative and qualitative data are

triangulated to provide a comprehensive
understanding of the impact of coding
learning on computational thinking.

The integration of data helps to validate
findings and draw nuanced conclusions
about the effectiveness of the coding
intervention.

3. Results and Discussions

The sample consisted of 100 children aged 4-6 years
(mean age = 5.2 years; 50% male, 50% female). The
pre-test and post-test scores for the Computational
Thinking Test for Young Children (CTTYC)
revealed notable changes in computational thinking
skills following the coding intervention. Descriptive
statistics for the pre-test and post-test scores are
presented in Table 1.

Table 1. Descriptive Statistics of CTTYC Scores.

Measure Pre-test Post-test Mean
(SD) (SD) Difference
(SD)

Pattern 3.8(1.2) 6.5 (1.1) 2.7(1.1)
Recognition
Sequencing | 4.1(1.3) 7.0 (1.2) 2.9(1.2)
Algorithmic | 3.5(1.4) 6.2 (1.3) 2.7(1.3)

Thinking

Overall 11.4(2.5) | 19.7(2.3) 8.3 (2.4)

Score

3.1 Analysis of Coding Learning Impact

A paired t-test was conducted to compare pre-test
and post-test scores for each component of
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computational thinking. The results indicate
significant improvements across all measured skills
scores are presented in Table 2.

Table 2. The Results of the Paired t-test

Measure t-table p-Value
Pattern Recognition 18.4 0.001
Sequencing 19.32 0.001
Algorithmic Thinking 17.89 0.001
Overall Score 21.56 0.001

Pattern Recognition: The mean score increased
from 3.8 to 6.5 (t(99) = 18.45, p < 0.001).
Sequencing: The mean score increased from 4.1
to 7.0 (t(99) = 19.32, p < 0.001).

Algorithmic  Thinking: The mean score
increased from 3.5 to 6.2 (t(99) = 17.89, p <
0.001).

Overall Score: The overall mean score
increased from 11.4 to 19.7 (t(99) = 21.56, p <
0.001).

These results demonstrate that the coding
intervention had a statistically significant positive
impact on children’s computational thinking skills.
3.2 Qualitative Insights

Thematic analysis of observational data and
interviews revealed several key insights:

1) Engagement and Enjoyment:

Children were highly engaged and displayed
enjoyment during coding activities. They often
expressed excitement and curiosity, which
contributed to sustained attention and motivation.
Collaboration and Social Interaction:

Coding activities promoted collaboration.
Children frequently worked in pairs or small
groups, discussing problems and sharing
solutions. This collaborative environment
enhanced their social and communication skills.
Problem-Solving and Creativity:

Children demonstrated improved problem-
solving abilities. They were able to break down
tasks into smaller steps, identify patterns, and
develop creative solutions to challenges
encountered during coding projects.

Educator Feedback:

Educators observed that children became more
confident in their abilities to tackle complex
tasks. They noted improvements in children’s
logical reasoning and perseverance.

The integration of quantitative and qualitative data
provides a comprehensive understanding of the
impact of coding learning on computational
thinking. The significant improvements in CTTYC
scores, coupled with positive qualitative feedback,
underscore the effectiveness of coding activities in

2)

3)

4)
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enhancing computational thinking skills in early
childhood.

The findings suggest that coding learning not only
improves cognitive skills but also fosters a
collaborative and engaging learning environment.
These results support the integration of coding into
early childhood education curricula to develop
essential skills for the digital age. The results of this
study demonstrate that coding learning has a
significant positive impact on the development of
computational thinking skills in early childhood. The
combination of quantitative improvements and
qualitative insights provides robust evidence for the
effectiveness of coding activities. These findings
contribute to the growing body of research
advocating for the inclusion of computational
thinking in early childhood education and provide
practical recommendations for educators and
policymakers.

3.3 Discussion

The study aimed to investigate the impact of coding
learning on the development of computational
thinking skills in early childhood, revealing
significant enhancements in pattern recognition,
sequencing, and algorithmic thinking following a
12-week coding intervention [22]. The findings
indicated that children exhibited improved problem-
solving abilities, increased engagement, and
enhanced collaboration, underscoring the
effectiveness of coding activities in nurturing
computational thinking skills [23]. The research
design employed a quasi-experimental approach,
incorporating pre-test and post-test assessments to
measure changes in computational thinking skills
before and after the coding intervention [24]. By
utilizing both quantitative and qualitative data
collection methods, the study aimed to provide a
comprehensive analysis of the effects of coding
activities on the development of computational
thinking skills in early childhood [25].

The results of the study align with previous research
emphasizing the importance of integrating
technology, such as coding and robaotics, into early
childhood education to enhance cognitive
development and problem-solving skills [26]. By
engaging children in coding activities, educators can
create dynamic learning environments that stimulate
critical thinking and creativity, essential for
navigating the complexities of the digital age[8] .
Moreover, the study's focus on computational
thinking in early childhood education resonates with
the broader trend in educational research towards
promoting STEM education from a young age [27].
STEM activities, including coding and robotics,
have been recognized for their ability to cultivate
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essential  skills like computational thinking,
preparing children for future academic and
professional challenges [28].

The findings of the study also underscore the
significance of hands-on learning experiences, such
as coding interventions, in fostering computational
thinking skills in young learners [29]. By providing
children with interactive and engaging activities that
involve problem-solving and algorithmic thinking,
educators can lay a strong foundation for their
cognitive development and future success (Jung &
Won, 2018). The study contributes to the growing
body of research highlighting the positive impact of
coding learning on the development of
computational thinking skills in early childhood[30].
By integrating coding activities into early childhood
education, educators can empower children with
essential skills for the digital age, including
problem-solving, logical reasoning, and
collaboration, setting them on a path towards
academic and professional success.

3.4 Implications for Practice

The findings have several important implications for
early childhood education:
1) Integration of Coding
Curriculum:

The study provides strong evidence supporting
the integration of coding activities into early
childhood education. Coding not only develops
computational thinking but also promotes
creativity, collaboration, and problem-solving
skills. Educators should consider incorporating
age-appropriate coding platforms like ScratchJr
and Code.org into their teaching practices.
Teacher Training and Professional Development:
Effective implementation of coding in early
childhood education requires well-trained
educators. Professional development programs
should be designed to equip teachers with the
necessary skills and knowledge to facilitate
coding activities. Training should focus on
understanding computational thinking, using
coding tools, and creating a supportive learning
environment.

Development of Engaging and
Learning Materials:

The study highlights the importance of engaging
and interactive coding activities. Educational
technology developers should create materials
that are accessible, user-friendly, and designed to
captivate young learners. Such materials can
enhance the learning experience.

in Early Childhood

2)

3) Interactive

4. Conclusions
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The study demonstrated that coding learning
significantly enhances computational thinking skills
in early childhood. By engaging in coding activities,
young children showed substantial improvements in
pattern recognition, sequencing, and algorithmic
thinking. These skills are critical for cognitive
development and are foundational for future learning
in STEM disciplines. This research contributes to the
growing body of literature advocating for the
integration of computational thinking into early
childhood education. It provides empirical evidence
supporting the effectiveness of coding as a learning
tool for young children. The findings underscore the
potential of coding to not only develop cognitive
skills but also foster creativity, collaboration, and
problem-solving abilities.

As the digital age continues to evolve, equipping
young children with computational thinking skills is
increasingly important. This study highlights the
need for educational policymakers and practitioners
to embrace coding in early childhood curricula. By
doing so, we can prepare the next generation for the
challenges and opportunities of the future. Future
research should continue to explore the long-term
impacts of early coding education and identify best
practices for integrating these activities into diverse
educational settings.

Author Statements:

Ethical approval: The conducted research is not
related to either human or animal use.

Conflict of interest: The authors declare that
they have no known competing financial interests
or personal relationships that could have
appeared to influence the work reported in this
paper

Acknowledgement: The authors declare that
they have nobody or no-company to
acknowledge.

Author contributions: The authors declare that
they have equal right on this paper.

Funding information: The authors declare that
there is no funding to be acknowledged.

Data availability statement: The data that
support the findings of this study are available on
request from the corresponding author. The data
are not publicly available due to privacy or
ethical restrictions.

References

E. Relkin, L. de Ruiter, and M. U. Bers,
“TechCheck: Development and Validation of an
Unplugged  Assessment of Computational
Thinking in Early Childhood Education,” J Sci

[1]



[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

Raeh Niken Baghiroh, Yuli Rahmawati, Tuti Tarwiyah Adi Sam / IJCESEN 11-2(2025)2849-2855

Educ Technol, vol. 29, no. 4, pp. 482-498, 2020,
doi: 10.1007/s10956-020-09831-x.

K. Larkin and T. Lowrie, STEM Education in the
Early Years: Thinking About Tomorrow. Springer
Nature, 2022. doi: 10.1007/978-981-19-2810-9.
L. Wang, D. Shi, F. Geng, X. Hao, F. Chanjuan,
and Y. Li, “Effects of cognitive control strategies
on coding learning outcomes in early childhood,”
Journal of Educational Research, vol. 115, no. 2,
pp. 133-145, 2022, doi:
10.1080/00220671.2022.2074946.

J. F. Patiflo, A. L. Calixto, A. Chiappe, and F. T.
Almenarez, “Ict-driven writing and motor skills:
A review,” International Electronic Journal of
Elementary Education, vol. 12, no. 5, pp. 489-
498, 2020, doi: 10.26822/iejee.2020562139.

J. Sarama and D. H. Clements, “Technology in
early childhood education,” in Handbook of
Research on the Education of Young Children,
Taylor and Francis, 2019, pp. 183-198. doi:
10.4324/9780429442827-14.

F. Mayne and B. Bath, “Scaffolding engagement
with educational technologies to develop
computational thinking in year 1 girls,” in
Teaching Coding in K-12 Schools: Research and
Application, Springer International Publishing,
2023, pp. 81-96. doi: 10.1007/978-3-031-21970-
2 6.

K. Demetriou and Z. Nikiforidou, “The relational
space of educational technology: Early childhood
students’ views,” Global Studies of Childhood,
vol. 9, no. 4, pp. 290-305, 2019, doi:
10.1177/2043610619881458.

N. S. Diaz, E. A. Mendizabal, and Y. D. A. Rios,
“Students’ perception of the value of emerging
3D technology and creativity for their
professional future in early childhood education,”
Bordon, Revista de Pedagogia, vol. 70, no. 4, pp.
137-152, 2018, doi:
10.13042/Bordon.2018.62819.

W. M. V. Leung, “STEM Education in Early
Years: Challenges and Opportunities in Changing
Teachers’ Pedagogical Strategies,” Educ Sci
(Basel), vol. 13, no. 5 May 2023, doi:
10.3390/educsci13050490.

B. Haas, Z. Lavicza, T. Houghton, and Y. Kreis,
“Evaluating Technology-Enhanced, STEAM-
Based Remote Teaching With Parental Support in
Luxembourgish Early Childhood Education,”
Front Educ (Lausanne), vol. 7, 2022, doi:
10.3389/feduc.2022.872479.

I. M. Revak et al., “A systematic review of STEM
teaching-learning methods and activities in early
childhood,” Eurasia Journal of Mathematics,
Science and Technology Education, vol. 20, no. 8,
p. em2481, Jul. 2024, doi:
10.29333/ejmste/14779.

H. J. Lavigne, A. Lewis-Presser, and D.
Rosenfeld, “An exploratory approach for
investigating the integration of computational
thinking and mathematics for preschool
children,” Journal of Digital Learning in Teacher

2854

[13]

[14]

(18]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Education, vol. 36, no. 1, pp. 63-77, 2020, doi:
10.1080/21532974.2019.1693940.

A. Alam, “Educational Robotics and Computer
Programming in Early Childhood Education: A
Conceptual Framework for Assessing Elementary
School Students” Computational Thinking for
Designing Powerful Educational Scenarios,” in
1st IEEE International Conference on Smart
Technologies and Systems for Next Generation
Computing, ICSTSN 2022, Institute of Electrical
and Electronics Engineers Inc., 2022. doi:
10.1109/1CSTSN53084.2022.9761354.

F. K. Anggoro, M. Dubosarsky, and S. Kabourek,
“Developing an observation tool to measure
preschool children’s problem-solving skills,”
Educ Sci (Basel), vol. 11, no. 12, Dec. 2021, doi:
10.3390/educscil1120779.

K. I. McCormick and J. A. Hall, “Computational
thinking learning experiences, outcomes, and
research in preschool settings: a scoping review
of literature,” Educ Inf Technol (Dordr), vol. 27,
no. 3, pp. 3777-3812, 2022, doi: 10.1007/s10639-
021-10765-z.

N. Drljevié¢, 1. Boticki, and L.-H. Wong,
“Investigating the different facets of student
engagement during augmented reality use in
primary school,” British Journal of Educational
Technology, vol. 53, no. 5, pp. 1361-1388, 2022,
doi: 10.1111/bjet.13197.

C. Tofel-Grehl, B. L. Macdonald, and K. A.
Searle, “The Silent Path towards Medical
Apartheid within STEM Education: An Evolving
National Pedagogy of Poverty through the
Absenting of STEM-Based Play in Early
Childhood,” May 01, 2022, MDPI. doi:
10.3390/educsci12050342.

S. Akbar, N. Eva, I. A. Farida, F. K. Fitriyah, and
S. Nurjanah, “Development of social skill training
design for preschool in social distancing
pandemic COVID-19,” Bali Medical Journal,
vol. 12, no. 1, pp. 652-659, 2023, doi:
10.15562/bmj.v12i1.4159.

S. Sangngam, “The development of early
childhood students’ creative thinking problem
solving abilities through STEM Education
learning activities,” in Journal of Physics:
Conference Series, IOP Publishing Ltd, Apr.
2021. doi: 10.1088/1742-6596/1835/1/012008.
X. Hu and N. Yelland, “Changing Learning
Ecologies in Early Childhood Teacher Education:
From Technology to stem Learning,” Beijing
International Review of Education, vol. 1, no. 2—
3, pp. 488-506, 2019, doi: 10.1163/25902539-
00102005.

T. E. Ho and V. Pang, “Outcomes of an integrated
STEM with design thinking module on
preschoolers’ engineering practices,” Eurasia
Journal of Mathematics, Science and Technology

Education, wvol. 20, no. 4, 2024, doi:
10.29333/ejmste/14433.
A. Gegenfurtner, A. Zitt, and C. Ebner,

“Evaluating webinar-based training: a mixed
methods study of trainee reactions toward digital



Raeh Niken Baghiroh, Yuli Rahmawati, Tuti Tarwiyah Adi Sam / IJCESEN 11-2(2025)2849-2855

web conferencing,” Int J Train Dev, vol. 24, no.
1, pp. 5-21, 2020, doi: 10.1111/ijtd.12167.

[23] K. D. Leidl, M. Umaschi-Bers, and C. Mihm,
“Programming with scratchjr: A review of the
first year of user analytics,” in Proceedings of
International Conference on Computational
Thinking Education, K. S.-C., J. SHELDON, and
L. I. R.K.-Y., Eds., The Education University of
Hong Kong, 2017, pp. 116-121. [Online].
Available:
https://www.scopus.com/inward/record.uri?eid=
2-s2.0-
85064540756 &partner D=40&md5=38c936768
6hf089a66f50b79e85ec6db

[24] Y. Kim and H. L. Jeong, “Adopting Coding in
Early = Childhood  Education: = Teachers’
Perspectives,” IEEE Transactions on Learning
Technologies, vol. 16, no. 4, pp. 473-483, 2023,
doi: 10.1109/TLT.2023.3264681.

[25] S. U.Kim, “A Comparative Study on the Effects
of Hands-on Robot and EPL Programming
Activities on Creative Problem-Solving Ability in
Children,” in ACM International Conference
Proceeding Series, Association for Computing
Machinery, 2020, pp. 49-53. doi:
10.1145/3401861.3401866.

[26] S. Papadakis, J. Vaiopoulou, E. Sifaki, D.
Stamovlasis, and M. Kalogiannakis, “Attitudes
towards the wuse of educational robotics:
Exploring pre-service and in-service early
childhood teacher profiles,” Educ Sci (Basel), vol.
11, no. 5, 2021, doi: 10.3390/educsci11050204.

[27] J. Palazon-Herrera and A. Soria-Vilchez,
“Students’ perception and academic performance
in a flipped classroom model within Early
Childhood Education Degree,” Heliyon, vol. 7,
no. 4, 2021, doi: 10.1016/j.heliyon.2021.e06702.

[28] F. Ugur-Erdogmus, “How do -elementary
childhood education teachers perceive robotic
education in kindergarten? A qualitative study,”
Apr. 01, 2021, Ozgen Korkmaz. doi:
10.17275/PER.21.47.8.2.

[29] S.E.JungandE. S. Won, “Systematic review of
research trends in robotics education for young
children,” Mar. 21, 2018, MDPI. doi:
10.3390/su10040905.

[30] A. Erol, “Failure analysis and continual
improvement in the engineering design process:
Teacher roles in children’s problem-solving
processes,” Educ Inf Technol (Dordr), 2024, doi:
10.1007/s10639-024-12489-2.

2855



