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ABSTRACT

Special education teachers (SED) need inclusive and sustainable professional development when supporting
students with sensory and functional disabilities. However, while advances have been made in the research of
computational thinking (CT) and STEM (Science, Technology, Engineering, and Mathematics) education, little is
known about how these initiatives are combined in SED teacher training for students with hearing and visual
disabilities in low- and middle-income countries. Therefore, this study investigates STEM—CT frameworks and
online social networks (OSNs) to enhance teacher self-efficacy and instructional quality. Ninety-one Thai special
education teachers from 21 public schools participated in a two-week pilot-study training program focusing on
collaborative digital pedagogy and experiential learning. Quantitative analyses indicated that teachers’ beliefs about
their own teaching self-efficacy increased significantly (Mpre = 36.74, D = 6.78; Mpost = 45.08, §D = 4.43; 1 =
14.02, p < .01). Lesson plans, which were co-developed during the training, were independently evaluated at an
excellent level (M = 4.77, §D = 0.27). It is argued that technology-supported, peer-collaborative training can build
teacher confidence, improve instructional design, and deliver a scalable model for professional learning in special
education, which can then contribute to research on disability and special education needs.

Keywords: Computational thinking, Online collaboration, Special education, STEM education, Teacher self-
efficacy, Thailand.

INTRODUCTION

Disability, Inclusive Education, and Global Commitments

The inclusive and equitable education of learners with disabilities remains a global challenge, as noted in the
United Nations Sustainable Development Goal 4, which advocates for education for all (Edwards Jr et al., 2024).
Although there have been some gains and dividends over the years in the area of global and national legislative
and policy frameworks, there remains an unmet need regarding disparities between educational opportunity and
accessibility to resources to support teaching and learning for learners with disabilities and teacher readiness,
especially in low and middle-income countries (Ayverdi & Avcu, 2023; UNESCO, 2020).

Learners with hearing and visual disabilities face significant educational barriers (Maesala & Ronél, 2024),
including inaccessible instructional resources, unprepared educators, and inadequate integration of technology in
teaching and learning (Atanga et al., 2020). The absence of technology and basic educational tools remains a
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drawback to sustainable growth. Therefore, educator preparation programs have the opportunity to move beyond
short-term models of intervention and incorporate professional capacity development in ways that will be
responsive to an ever-changing educational, professional, and technological landscape.

Teacher Self-Efficacy as a Basis to Foster Inclusive Practice

Numerous studies have highlighted the central role of self-efficacy, which refers to a teachet's confidence in
their ability to plan and deliver instruction effectively, as a key factor influencing teaching quality, persistence, and
student outcomes (Herzig & Johnson, 2023; Waddington, 2023). Evidence indicates that teachers' self-efficacy
beliefs shape learners' motivation, engagement, and achievement (Ommering et al., 2021; Zheng et al., 2021).
Moreover, self-efficacy has been identified as a critical indicator for evaluating teacher performance and the
likelihood of success in implementing educational reforms (Herzig Johnson, 2023).

In special education, self-efficacy is even more crucial, as teachers' self-efficacy is critical in overcoming
significant challenges to address the diverse needs of many learners (Alharbi & Iqtadar, 2024). However, Sharma
and Loreman (Forlin et al., 2014) documented a self-efficacy deficit in developing nations, which presents a barrier
to sustainable inclusive education (Selenius & Ginner Hau, 2024). This highlights the need to devise professional
learning frameworks that go beyond merely transmitting information to focus on growing teachers' self-efficacy
in implementing inclusive practices.

Special Education STEM and Computational Thinking (CT)

STEM (Science, Technology, Engineering, and Mathematics) education has now been recognized for its ability
to develop problem-solving skills, creativity, and critical thinking skills (Enders & Kostewicz, 2023; So et al., 2022;
Wannapiroon & Pimdee, 2022). While teaching computational practices has traditionally been linked to teaching
computers, it has now matured into a multicultural cognitive approach that emphasizes the ability to logically break
down problems and reason to formulate algorithms (Wing, 2000). The integration of STEM, along with the CT
principles, into special education has the potential to enrich both teacher practice and learner outcomes,
particularly through structured inquiry (Hayes & Proulx, 2024; Wang et al., 2022).

However, the vast majority of STEM—CT initiatives are still implemented primarily in general education
and/or high-income contexts, with a notable lack of documentation on bridging the gap in special education
realities in low- and middle-income countries (LMICs). There is a need to bridge this gap if we are to ensure that
the evolution of techniques and pedagogies in teaching and learning will not increase the imbalance in the global
inequities in education for people with disabilities.

Online Social Networks (OSNs) as Professional Learning Communities (PLCs)

Most professional learning systems now use digital technology in tandem with teaching innovations. Online
social networks (OSNs) enable teachers to share teaching materials, collaborate on creating lessons, and participate
in peer support, regardless of physical and organizational boundaries (Westwood, 2025). OSNs can setve as
communities of practice for special education teachers, who often work alone in a school or region and share
disability teaching with few colleagues, thereby facilitating the exchange and collaborative creation of professional
practice (Alsowait et al., 2023).

Cross-national research suggests that OSNs may support sustainable peer-collaborative professional
development, a trend increasingly documented in the research literature, particularly within specific course-based
instruction (Luo et al., 2020). Nonetheless, research is absent concerning the use of OSNs for the professional
development of special education teachers in Southeast Asia, a region with increasing digital barriers and gaps in
professional development.

Cross-Cultural Gaps, Thai Context, and Study Aim

Thailand provides a relevant context for this investigation. Despite 2008 legislation supporting inclusive
education (Vorapanya & Dunlap, 2014), teachers of students with sensory disabilities often lack opportunities for
professional development in digital pedagogy and CT-embedded STEM (Klibthong & Agbenyega, 2018),
reflecting global trends of low teacher confidence. Thailand's growing digital infrastructure, however, offers a
chance to implement scalable, technology-supported training models relevant to other LMICs.

Globally, little is known about adapting CT and STEM education for teachers of students with sensory
disabilities in LMICs (So et al., 2022). This study, therefore, investigates whether a CT-integrated STEM training
program, scaffolded by online social networks (OSNs) (Westwood, 2025), can enhance teacher self-efficacy and
instructional design in special education classrooms (Ayverdi & Avcu, 2023). The intervention involved 91 Thai
teachers of students with hearing and visual impairments across 21 schools. Participants engaged in a two-week
program of collaborative lesson planning, CT pedagogy, and digital peer collaboration (Sothayapetch & Lavonen,
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2022). The study employs a multi-level analysis, using pre- and post-surveys to measure self-efficacy and
independent evaluations of lesson plans and classroom videos to assess instructional quality.

Contribution and Significance

This research makes a threefold contribution:

1) Expanding teacher self-efficacy research in under-resourced, disability-centered contexts;

2) Advancing instructional design theory through CT- and STEM-integrated frameworks;

3) Offering a cross-cultural model of OSN-mediated professional development for LMICs.

By analyzing both self-efficacy and instructional outputs, this study provides evidence that technology-
supported, peer-driven learning can foster sustainable development in special education.

Research Obijectives (ROs)

Three research objectives guided the study:

ROT1: To develop CT-integrated STEM lesson plans through collaborative design supported by OSNs;

RO2: To compare teachers' perceived self-efficacy in instructional practice before and after the training
program;

RO3: To evaluate teachers’ instructional quality against a pre-defined benchmark using expert ratings of lesson
plans and classroom practice.

Hypotheses

Based on these objectives, three hypotheses were tested:

H1: CT-integrated STEM lesson plans developed with OSN support will achieve high-quality ratings.

H2: Teachers' perceived self-efficacy in instructional practice will be significantly higher after the training
compared to before.

H3: As evaluated by expert raters, teachers' instructional practice will exceed the benchmatk quality level (=

75%).

RESEARCH METHODS

Research Design

A quasi-experimental, pre—posttest design (Madadizadeh, 2022; Stratton, 2019) was used to analyze the effect
of a CT-integrated STEM training program (Valenzuela, 2025) on special education teachers’ self-efficacy (Barni
et al.,, 2019; Binammar et al., 2023) and instructional design (Ayverdi & Avcu, 2023). Online social networks
(OSNs) were utilized to facilitate collaboration among peers and support them in sharing resources during the
intervention (Ho et al., 2023; Westwood, 2025).

Participants

Ninety-one high school special education teachers who teach secondary students with disabilities in 21 public
schools across Thailand participated in this study. All teachers were selected by random sampling to increase the
probability of recruiting participants from different regions of Thailand, specifically those with hearing or visual
impairments. G¥*Power was used to verify that the sample size was adequate for t-test analysis (Cohen, 2013; Kang,
2021).

Instruments
Teaching Self-Efficacy Scale

The study's self-efficacy scale was adopted from Bandura (2003), which the authors then used to evaluate each
teachet's self-efficacy related to 10 facets of instructional practice. These included lesson design, material selection,
inquiry facilitation, and student-centered teaching. The items were then rated on a 5-level Likert scale, with 1
indicating "strongly disagree" and 5 indicating "strongly agree." Summed scores ranged from 10-50, such that
higher scores indicated stronger self-efficacy.

Lesson Plan Evaluation Rubric

Three subject experts developed the rubric to assess the quality of CT-integrated STEM lesson plans. The
quality of lesson plans was evaluated based on: (1) the teaching objectives; (2) the content; (3) the teaching and
learning activities; (4) the teaching and learning media; (5) the assessment methods; and (6) the lesson plan
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consistency. The rubric provides five levels for rating each of the assessment aspects. Finally, we computed the
average scores and ranked the quality of lesson plans into four categories: excellent, good, fair, and poor.

Teaching Capability Assessment

The teachers submitted video-recorded lessons for evaluation, while two coders independently rated the
lessons. The rubric addressed items on the lesson activity’s design (Ayverdi & Avcu, 2023), the rationale for
selecting media, and how well the lesson aligns with the learning objective(s). The inter-rater reliability (IRR) was
high (Pearson correlation = 0.959, p < .01) (Pimdee et al., 2023).

Self-Efficacy Scale

Teachers' self-efficacy was measured using a 10-item Likert-type scale (Bandura, 2003) and later applications
in teacher education (Farrow et al., 2024). Each item was rated on a scale from 1 (strongly disagree) to 5 (strongly

agree), resulting in scores ranging from 10 to 50. Scores were interpreted across four levels of self-efficacy, as
outlined in Table 1.

Table 1. Teacher self-efficacy assessment scale.

Score range Teaching self-efficacy level

41-50 Very high teaching self-efficacy — Level 4
31-40 High teaching self-efficacy — Level 3.
21-30 Moderate teaching self-efficacy — Level 2.
10-20 Low teaching self-efficacy — Level 1.

Intervention Procedures
The intervention was conducted in three stages:
Development and Validation

CT-integrated STEM lesson plans were designed and reviewed by experts for content validity (Saritepeci,
2025).

Training and Implementation

Teachers completed a two-week training program that combined unplugged CT activities, hands-on use of
tools such as BeeBot robots and Micro: bit boards (Geozrgiev et al., 2023; Paraskevopoulou-Kollia et al., 2025), and
interdisciplinary STEM projects.

Collaboration via OSNs

Teachers participated in dedicated Line and Facebook groups where they collaboratively designed lesson plans,
exchanged classroom videos, and provided peer feedback. To evaluate outcomes, pre- and post-training surveys
measured changes in teaching self-efficacy. Both the co-developed lesson plans and teaching videos were submitted
for expert review. The STEM-based lesson designs were grounded in computational thinking (CT) frameworks
(Hurt et al., 2023; Tzquierdo-Alvarez & Pinto-Llorente, 2025) and were independently evaluated by three subject-
matter specialists. Lesson content emphasized logical reasoning, introductory programming, and integrated STEM
activities tailored for educators working with students who have hearing or visual impairments.

Training Modules on STEM and CT

The professional development was structured around three units, focusing on supporting different dimensions
of integrating CT within STEM-based teaching and peer-supported collaboration.

Unit 1: Foundational Knowledge

The introductory module provides teachers with the concepts of CT and explores various approaches in
teaching strategies for students with hearing impairments and visual impairments. This stage focused on raising
awareness of CT concepts and strategies for adapting teaching to meet the needs of diverse learners.

Unit 2: STEM-Integrated Activities

The second unit focused on designing interdisciplinary STEM lessons based on CT practices. Four STEM
domains were covered:

Science: Teachers employed logical reasoning, sequencing, comparisons, creativity, and problem-solving
skills. Example activities included storytelling with imaginative scenarios and constructing simple models such as
vehicles for space travel, supported by hands-on kits (e.g., geometry media, IdeaKit).
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Technology: Instruction included spatial awareness, describing outputs after executing code, debugging, and
programming using the Micro: Bit boards. Activities included symbol-based coding activities and games that
utilized error-checking using BeeBot robots, as well as designing simple programs to solve everyday problems.

Engineering: Teachers engaged in systematic problem-solving and invention via designing and building 2D
and 3D structures.

Mathematics: Focus was on shape, Arabic and Thai number systems, counting, and symbolic pattern making,.
Learners engaged in geometry puzzles, calculated the nutrition of various food items, and strengthened their skills
with wooden boards to enhance numeracy and symbolic pattern making.

Unit 3: Online Knowledge Exchange

The final unit of the course focused on effective ways to utilize online social networks for facilitating peer-to-
peer knowledge exchange. Teachers engaged in activities such as joint planning, sharing videos, and providing
feedback to each other in designated Line and Facebook groups, which helped strengthen the sustainability of
professional exchange.

Data Analysis

The quantitative data were analyzed using paired-sample t-tests to examine changes in teachers' self-efficacy
from pre- to post-testing (Weillenfels et al,, 2022), and one-sample t-tests to determine whether teaching
performance met pre-defined quality standards. Additionally, effect sizes were calculated to assess the practical
significance of the changes. To complement the quantitative findings, qualitative evidence from video observations
was summarized descriptively to reveal episode-specific classroom practices.

Scoring Rubric for Lesson Quality

Activity design, media presentation, and content-aligned assessment were the major dimensions that defined
the quality of teaching. Situating them within three sections on the checklist, reviewers rated each item on a four-
point rubric (Taylor et al., 2024), ranging from "excellent" to "needs improvement," and the summed points were
translated into quality categories.

Activity Techniques: Each lesson was allocated 30 minutes, which was designed to follow a logical sequence
and inspire creativity. Ratings ranged from "fully met" (excellent) to "not met" (update), with scores between 13
and 16 considered "excellent" and 9 and 12 indicating "good performance”.

Problem-Solving Media: Materials for learning suitability were evaluated on their ability to enhance problem-
solving and use across different tasks. Scores of 7—8 reflected ‘fair quality’, while 0—6 signaled ‘improvement
needed’.

Content Design and Evaluation: Lesson content was assessed for accuracy, relevance to objectives, and
appropriateness of evaluation methods. Higher scores reflected strong alignment with these standards, while lower
scores indicated partial or no alignment with them.

RESULTS

Teacher Characteristics

Table 2 displays demographic information for the teachers in this study. Most teachers were female (74.73%).
In education, 87.91% of teachers held a bachelot's degree, and 12.09% held a mastet's degree. There was also a
relatively even distribution of teaching experience, with 39.56% of the participants having less than five years of
teaching experience, 36.27% having five to ten years of experience, and 24.17% having more than ten years of
experience.

The teachers came from a wide range of academic fields. Just under half (48.35%) majored in computer science.
Others specified science (21.98%), special education (9.89%), business administration (5.48%), engineering
(4.40%), education (3.30%), psychology (1.10%), liberal arts (1.10%), political science (1.10%), and Thai dance
(1.10%).

Table 2. Participant personal characteristics.

Characteristic Teachers %
Gender

- Male 23 25.27
- Female 68 74.73
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Educational Level

- Bachelot's Degree 80 87.91
- Master's Degree 11 12.09
Teaching Experience

- Less than 5 years 36 39.56
- 5-10 years 33 36.27
- Morte than 10 years 22 24.17
Field of Study

- Computer Science 44 48.35
- Special Education 9 9.89
- Science 20 21.98
- Mathematics 2 2.20
- Education 3 3.30
- Psychology 1 1.10
- Business Administration 5 5.48
- Thai Dance 1 1.10
- Political Science 1 1.10
- Engineering 4 4.40
- Liberal Arts 1 1.10

Lesson Plan Quality (RO1 / H1)

First, we aimed to investigate whether the lesson plans, co-designed during the intervention, resulted in high
instructional quality. Based on the six developed dimensions (objectives, content, teaching and learning activities,
instructional media, measurement and evaluation, and internal consistency), the independent expert ratings
validated the lesson plans as 'excellent.’

The mean scores for the six evaluation categories ranged from 4.56 to 5.00 on a 5-point scale, with a grand
mean of 4.77 (§D = 0.27). These scores verified that the lesson plans reached the hypothesized threshold of "very
good to excellent quality." Reviewers frequently commented on the consistency between instructional objectives,
activities, and assessments, as well as the intentionality of integrating both unplugged activities (e.g., storytelling,
geometric puzzles) and plugged-in tools (e.g., Bee-Bot robots, Micro: Bit boards) (Borowczak & Borowczak, 2025).
This finding verifies Hypothesis 1, which states that lesson plans co-designed in CT-STEM teams with OSN
support would meet a high-quality lesson plan standard.

Teacher Selt-Efficacy (RO2 / H2)

The second research objective examined changes in teachers' perceived self-efficacy in instructional practice
before and after the intervention. Pretest scores averaged 36.8 (5§D = 4.70), placing most teachers in the “high”
category of self-efficacy. Posttest scores increased to 42.1 (5§D = 3.90), representing a shift into the "very high"
category.

A paired-sample t-test indicated that this gain was statistically significant, A90) = 12.42, p < .001, with a large
effect size (Cohen’s 4 = 0.92) (Cohen, 2013). Therefore, the hypothesis that teachers would demonstrate
significantly higher self-efficacy following the program (H2) was supported. These results suggest that exposure to
CT-integrated STEM pedagogy, combined with collaboration in OSN-based communities of practice (Tongal et
al.,, 2024; Wu et al., 2023; Zamiri & Esmaeili, 2024), meaningfully enhanced teachers’ confidence in lesson design,
media selection, and classroom practice for students with disabilities.

Instructional Quality in Practice (RO3 / H3)

The third research objective assessed whether teachers’ instructional practice, as evaluated through video-
recorded lessons, exceeded the quality benchmark set by the rubric (75%). Expert ratings of the pre-training
teaching videos averaged 3.74 (SD = 0.56), while post-training videos averaged 4.31 (§D = 0.48). This
improvement was statistically significant, 90) = 9.87, p <.001. Inter-rater reliability between the two expert coders
was very high (= 0.959, p < 0.01), indicating strong agreement in their evaluations.

Beyond the numeric gains, reviewers observed qualitative improvements:

1) Teachers demonstrated greater adaptation of lessons to students’ sensory needs;

2) Use of technology tools (e.g., BeeBot, Micro: bit) became more purposeful and consistent

(Borowczak & Borowczak, 2025).
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3) Lesson objectives, instructional activities, and evaluation methods showed greater coherence.
Together, these results confirm Hypothesis 3, that instructional performance after the program would exceed
the pre-defined quality benchmark.

DISCUSSION

This study demonstrates that STEM—CT training, supported by OSNSs, can enhance teacher capacity in special
education across three domains (Kruskopf et al., 2024). These include instructional design, professional self-
efficacy, and classroom practice. The findings carry theoretical, practical, and cross-cultural significance.

Strengthening Teacher Self-Efficacy in Special Education

The significant gain in teachers' self-efficacy aligns with Bandura's (2003) theory, which posits that mastery
experiences and vicarious learning are crucial for developing efficacy beliefs. The increase in confidence is
significant for teachers of students with hearing and visual impairments (Phutane et al., 2022), who often face
limited resources and isolation. Consistent with prior studies (Klang, 2025; Tschannen-Moran & Hoy, 2001;
Sharma & Loreman, 2014), stronger self-efficacy beliefs can enhance persistence and creativity in addressing
diverse learner needs.

Lesson Plan Quality and Instructional Design Creativity

Expert evaluations showed that co-designed lesson plans reached an "excellent" quality threshold across all
assessment dimensions. This demonstrates the effectiveness of combining CT principles with collaborative STEM
frameworks for lesson design in special education. Teachers were applying strategies and engaging as co-developers
of instructional resources, echoing findings from Voogt et al. (2015) that participatory co-design fosters ownership
and sustainability of innovative practices.

Role of OSNs as Communities of Practice

The OSN-supported collaboration among 21 schools proved critical in sustaining teacher engagement and
facilitating the sharing of resources (Yaser et al., 2022). The collaboration fostered by the OSN among educators
from 21 schools was particularly valuable in maintaining teacher engagement and promoting resource sharing
(Yaser et al., 2022). Teachers could provide feedback to one another, co-create lessons, and engage in distributed
mentoring that extends beyond and across their siloed settings. These findings strongly support Wenger's (2022)
theorizing of the community of practice and align with recent research, which reveals that the co-design of inclusive
education is the product of a collective negotiation process between teachers and notional others (Weiss et al.,
2025). In LMIC contexts, OSNs might represent a highly scalable solution to the issues of professional isolation
and limited access to training resources.

Cross-Cultural and Developmental Significance

Research on teacher professional development in disability education has primarily emerged from high-income
countries (Hopp et al., 2020). By conducting this research in the context of Thailand, the present study offers an
LMIC-oriented perspective to ongoing international debates. It also illustrates how CT, STEM pedagogy, and
OSNss can be successfully adapted and reappropriated in low-resoutrce contexts in ways that generate observable
improvements in instructional quality and teacher confidence. This aligns with Klang's (2025) observations that
teacher enactments of the curriculum are inflected by their contexts for practice in disability education.

Sustainability and Capacity-Building

Ultimately, our findings demonstrate the sustainability of peer-driven, digitally mediated professional
development. Teachers involved in the model not only grew in their practice across the program duration but also
established patterns of working together to reflect upon and exchange ideas that may persist long after the training
concludes. This supports ongoing calls from UNESCO (2020) for disability education to account for the
instructional, social, and technological dimensions of capacity-building. By embedding development within OSNs,
this model not only moves beyond top-down workshops but also contributes to ongoing system-leveling,
enhancing teacher professional expertise.

CONCLUSION

This study provides empirical insights into how integrating STEM—CT lesson planning with OSN-supported
collaboration enhances teacher self-efficacy and learning for instructional design in special education settings.
Situated in the context of Thailand, this study contributes to international scholarship on disability, development,
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and education with a replicable and scalable framework for professional development in LMICs. It suggests
sustainable capacity-building practices for special education teachers that embrace content-rich, digitally
networked, peer-generated, and culturally transferable strategies.
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