
   
   

     
 
 العدد التسعون  –  الناسع مجلدال

     م 2026 – نيسان – 2تاريخ الإصدار: 

 www.ajsp.net                                                                                                                              
   

Arab Journal for Scientific Publishing | |ISSN: 2663-5798 

 

“The Effectiveness of an Instructional Unit Based on Inclusive Education for 

Teaching 3D Apparel Design Technology in Developing the Skills of Hearing-

Impaired and Hearing Students: A Mixed-Methods Study” 

 

Researchers: 

Bdoor Abdullah Hazazi ¹, Sahar Hassan Ejeimi ² 

1+2 king Abdulaziz University, Faculty of Human Sciences and Design, Saudi Arabia 

Received: 25/02/2026 | Revised: 26/02/2026 | Accepted: 30/03/2026 | Published: 02/04/2026

Abstract: 

The study aimed to design an inclusive-education-based 

instructional unit for teaching 3D clothing design 

technology to both hearing-impaired and hearing students 

in the Fashion and Textile major at the College of Human 

Sciences and Design at King Abdulaziz University. It also 

sought to measure the unit’s effectiveness in developing 

students’ practical performance, assess their attitudes, and 

explore their perceptions of the unit. 

A mixed-methods approach was employed: the 

quantitative component utilized a one-group quasi-

experimental design to measure the effectiveness of the 

instructional unit, while the qualitative component 

adopted an exploratory design to analyze and understand 

students' perspectives regarding the unit. The research 

instruments included a practical performance test 

(pre/post), performance observation checklists, an attitude 

scale, and focus group interviews. 

The instructional unit was implemented in the course 

“Ready-Made Garment Technology” on a purposive 

sample of 23 students, consisting of 11 hearing-impaired 

students and 12 hearing students. The quantitative results 

statistically demonstrated the effectiveness of the 

inclusive instructional unit in developing the students’ 

practical performance in designing the virtual garment 

sample using the CLO3D software. The qualitative 

findings provided an in-depth interpretation of the 

quantitative results through students’ perceptions and 

attitudes toward the instructional unit. Based on the 

study’s findings, it is recommended to integrate modern 

technologies used in the fashion industry (such as 3D 

clothing design software) into fashion and textile curricula 

within the framework of inclusive education. 
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Introduction 

With technological advancements that have revolutionized various industrial sectors, the fashion industry has emerged as 

one of the fields most affected by these developments. Technology has significantly contributed to enhancing production 

efficiency and improving the quality of fashion products, making the adoption of modern technologies an effective approach 

for keeping pace with the rapid shifts in fashion trends (Baytar & Meyer, 2013; Hahn, 2017; Hwang) . 

In response to global transformations in the fashion industry, the Fashion Commission in the Kingdom of Saudi Arabia has 

undertaken several initiatives to integrate advanced technologies into the local fashion sector. One such initiative was the 
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Commission’s collaboration with Istituto Marangoni to launch an online training course titled “Fashion Technology 

Program.” The program aimed to develop Saudi talent in 3D fashion design using CLO3D, a software that enables three-

dimensional garment simulation and facilitates the creation of virtual clothing prototypes (Fashion Commission, n.d.) . 

Integrating and teaching 3D fashion design technology within academic curricula in universities and specialized fashion 

institutes is considered a fundamental step in preparing fashion and textile students in Saudi universities to meet the 

technological advancements in the fashion industry (Baytar & Meyer, 2013; Wahl & Adams, 2017; Hodges et al., 2020; 

Hodges et al., 2024). According to a report published by the Fashion Commission in 2023, 94% of Saudi universities offering 

academic programs in fashion primarily focus on creative components of the fashion sector—such as fashion design, jewelry 

design, and textile creation—while giving insufficient attention to modern technological skills required by the labor market, 

including 3D garment design software, 3D printing, and body scanning (Fashion Commission, 2023; Hahn, 2017; Hwang; 

Hodges et al., 2020; Salem & Basaffar, 2024) . 

Researchers in several previous studies have attempted to identify the factors limiting the expansion of integrating 3D 

garment design software into academic courses within fashion and textile programs. Among the most prominent reasons is 

the need to prepare and train academic staff to master modern 3D design technologies before teaching them to students. 

Additionally, technical and procedural challenges associated with these programs have been noted, such as the requirement 

for high-specification computers, the reliance of most programs on paid subscriptions, and the diversity of available software, 

which complicates the selection of the most suitable options for educational use (Hodges et al., 2024; Prasetya et al., 2025) . 

Despite the challenges associated with teaching 3D garment design software in academic curricula, providing fashion and 

textile students with the opportunity to learn and experiment with such technologies contributes to preparing them to meet 

technological advancements and labor market demands in the fashion industry. The present study, conducted at King 

Abdulaziz University within the Department of Fashion and Textiles, aims to activate the use of 3D garment design software 

for undergraduate students from both hearing and hearing-impaired groups. 

A review of local studies addressing the education of hearing-impaired students, as well as those focusing on hearing students 

in fashion and textile programs, reveals that most research has centered on designing training programs or instructional units 

aimed at improving academic achievement in areas such as fashion design, pattern drafting, accessory design, and textile 

construction using traditional methods, without integrating modern technologies in these fields—particularly within inclusive 

education settings (Hassan & Abu Al-Ela, 2021; Salem et al., 2020; Al-Shahri & Mahboob, 2020; Ali & Ibrahim, 2020; Al-

Layati & Al-Dabbagh, 2021) . 

Although several local and international studies have explored the enhancement of academic achievement through the use of 

3D garment design software, most of these studies have focused on students without disabilities (hearing students), with 

limited attention to individuals with disabilities in educational settings (Ahmed et al., 2024; Al-Thubaiti, 2025; Shaheen et 

al., 2021); (Baytar, 2018; Baytar & Meyer, 2013; Hodges et al., 2020; Hodges et al., 2024; Hwang & Hahn, 2017; Wahl & 

Adams, 2017; Sholikhah et al., 2025; Prasetya et al., 2025). 

Literature review   

Inclusive Education for Hearing-impaired 

Al-Anzi et al. (2020) reported that students with hearing impairments represent the second-highest group enrolled in inclusive 

education settings, following students with learning disabilities. This finding highlights the considerable potential for 

integrating students with hearing impairments into inclusive classrooms. Similarly, Al-Sanbari (2023) found that inclusive 

education positively influences the academic achievement of students with learning disabilities. Based on these findings, it 

can be inferred that inclusive education may yield comparable benefits for students with hearing impairments, especially 

given the similarities between the two groups in terms of classroom acceptance and integration noted by Al-Anzi. 

Inclusive education is grounded in the social model of disability, which emphasizes that educational reform should begin 

with restructuring social and learning environments rather than focusing solely on the disability itself (Medhash, 2019). The 

classroom environment serves as the primary setting for operationalizing inclusive strategies, providing a foundation for 

practices that promote the participation of all learners (Al-Qahtani & Al-Saleem, 2022). Within this framework, the 

integration of modern technologies plays a vital role in supporting students with hearing impairments. Visual and experiential 

learning environments—such as those enabled by advanced digital tools—facilitate comprehension of key concepts and 

skills, thereby enhancing their inclusion alongside hearing students (Tkachuk et al., 2018). 

Despite the valuable contributions of previous research on inclusive education, existing literature reveals a noticeable gap 

concerning the effectiveness of inclusive practices for students with hearing impairments within digital learning contexts, 

particularly in three-dimensional fashion design technologies. The present study aims to address this gap by examining the 

effectiveness of an inclusive educational unit designed to teach 3D clothing design technology to both hearing and hearing-

impaired students. 
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3D Clothing Design Technology in Fashion Design Education 

Previous studies have shown increasing interest in integrating 3D fashion design software into fashion and textile 

education due to its educational and practical potential that surpasses traditional teaching and learning methods. The findings 

of these studies confirmed that the use of 3D software enhances students’ academic achievement in fashion and textile 

disciplines, as such technologies improve the comprehension of theoretical concepts and their connection to practical 

application more effectively than traditional learning approaches (Althubaiti, 2025; Ahmed et al., 2024; Al-Kharbawi et al., 

2023; Shaheen et al., 2021; Conlon & Gallery, 2024) . 

Other studies have indicated that 3D fashion design software enhances students’ innovation and creativity and develops 

problem-solving skills in fashion design. These programs offer a safe environment for experimenting with ideas and 

developing designs without the need to invest time or materials in the initial prototyping stages. The effectiveness of these 

programs is also evident in improving students’ production efficiency by reducing common errors made during manual 

prototype construction. Additionally, some studies have shown that using 3D design technologies helps develop 3D 

visualization skills, which are essential in fashion design due to their role in enhancing the ability to perceive spatial 

relationships and technical details in 2D models before transforming them into real-world products (Baytar, 2018; Hodges 

et al., 2020; Hwang & Hahn, 2017; Papachristou & Tatsi, 2024; Widiyawati et al., 2024) . 

The studies that addressed the integration of 3D design software in educational contexts varied in their research 

methodologies. Some adopted quantitative, quasi-experimental designs to measure the direct impact of these programs on 

academic achievement and practical skills using cognitive and performance-based tests (Ahmed et al., 2024; Al-Kharbawi 

et al., 2023; Al-Thubaiti, 2025). Other studies employed mixed methods designs to provide a more comprehensive 

understanding by combining quantitative results with qualitative interpretations collected through focus group interviews 

and observational data (Baytar & Meyer, 2013; Baytar, 2018; Conlon & Gallery, 2024; Hodges et al., 2020; Sholikhah et al., 

2025) . 

Despite the positive findings confirming the effectiveness of 3D design technologies in enhancing academic achievement 

and practical skills, previous studies still lack the application of these technologies in inclusive educational environments 

involving hearing-impaired students alongside their hearing peers. This highlights the need for studies that directly target 

this group and explore the potential of using 3D software to support their learning and innovation, an issue the current study 

aims to address, especially since integrating modern technologies into inclusive learning environments for students with 

hearing impairments is considered a key factor in achieving the goals of inclusive education (Rusli & Ibrahim, 2022) . 

In this context, 3D design programs are among the most effective educational tools for supporting inclusive learning 

environments, particularly for hearing-impaired students who rely heavily on visual input to understand educational content. 

Abass et al. (2019) demonstrated the effectiveness of 3D software in developing skills among hearing-impaired students, as 

this technology improved their understanding and enhanced practical skills. These findings underscore the importance of 

including hearing-impaired students within inclusive education strategies through the use of visual media and modern 

technologies, thereby promoting more effective academic and professional integration. 

Hypotheses Development 

The purpose of this study is to examine the effectiveness of an Inclusive education–based educational unit in developing 

virtual sample design skills among hearing-impaired and hearing students within an inclusive learning environment. To 

develop the study hypotheses, relevant literature on virtual fashion design technologies, skill acquisition was reviewed. 

Previous studies have emphasized that 3D virtual prototyping systems enhance students’ understanding of garment 

construction by providing an interactive, visual learning experience. CLO3D, in particular, allows learners to engage in 

hands-on manipulation of patterns, fabrics, and garment draping in a simulated workspace, supporting the development of 

technical skills for virtual sample design. Such findings align with the argument that technology-based environments can 

simplify complex concepts in fashion design and help students build skills that are traditionally difficult to master through 

conventional teaching methods (Baytar, 2018; Hodges et al., 2020; Hwang & Hahn,2017; Papachristou & Tatsi, 2024; 

Widiyawati et al., 2024). 

Furthermore, inclusive learning environments have been shown to promote engagement and skill development among 

students with varying abilities when instructional tools rely on visual and experiential modalities—an approach particularly 

beneficial for hearing-impaired learners who rely heavily on visual perception (Rusli & Ibrahim, 2022). 

Based on the reviewed literature, the following hypotheses were proposed: 

 

Hypothesis 1 

There are statistically significant differences between the mean rank scores of students from both groups on the skill 

performance test before and after implementing the educational unit, in favor of the post-test. 
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Hypothesis 2 

Students from both groups achieved mastery in the skill performance assessed using the skill performance observation 

checklists after implementing the educational unit. 

Hypothesis 3 

There are statistically significant differences in the mean rank scores of hearing-impaired and hearing students in skill 

performance between  pre- and post-application, favoring one of the two groups. 

Hypothesis 4 

The attitudes of students from both groups are positive toward the inclusive-education–based instructional unit for 

teaching 3D clothing design software. 

Materials and Methods 

Research Design 

The present study employed a Sequential Explanatory Design, a mixed-methods approach consisting of two consecutive 

phases of data collection and analysis (Creswell, 2009). In the quantitative phase, a quasi-experimental one-group pretest–

posttest design (Quasi-experimental, 2019) was used to examine the effectiveness of the educational unit in improving 

students’ Virtual Sample Design Skills. Data were collected using a skill test, performance observation checklists, and a 

student attitude scale. 

In the qualitative phase, an exploratory design (Hunter et al., 2019) was adopted to gain deeper insights into students’ 

perceptions of the proposed educational unit. Focus group interviews were conducted to collect qualitative data (Al-Zahrani, 

2020; Hunter et al., 2019). To enhance the breadth and depth of the qualitative findings, semi-structured individual interviews 

were also held with three academic staff members (two faculty members and a sign language interpreter) as a secondary 

sample (Bhandari, 2023), given their academic oversight of the students and their role in granting approval for the 

implementation of the educational unit. 

sample 

The educational unit was implemented in the “Techniques of Apparel Industry” course using a purposive sample of 23 female 

students enrolled in the Department of Fashion and Textile at King Abdulaziz University. The sample included 11 students 

with severe hearing impairment and 12 hearing students. The inclusion of all enrolled students was necessary due to pre-

assigned course registration, despite recommendations in the literature suggesting fewer than 20 students per class for optimal 

implementation of inclusive education (Alasim, 2020; Atteng, 2022). 

Instrument Development 

1. Skill Test 

A performance-based skill test was developed to measure students’ virtual sample design skills using CLO3D. The test 

included practical tasks aligned with the educational unit’s learning outcomes. Scoring criteria were established based on 

accuracy, completeness, and technical proficiency. Students were required to design a virtual specimen in CLO3D based on 

the flat pattern provided in the paper-based test. Content validity was confirmed through expert review, and reliability was 

verified using inter-rater agreement procedures. 

2. Performance Observation Checklist 

The skills performance observation checklist was designed to evaluate students’ practical skills during training and skills 

performance tests, and to identify strengths and weaknesses in their skill levels. These checklists were developed using a 

direct observation approach, with items designed to align with the skills students were intended to develop during the 

tests.Checklists were validated by subject-matter experts and demonstrated high reliability coefficients. Also, the Skill 

Performance Observation Checklists were designed to evaluate the practical skills demonstrated by students during pre- and 

post-skill performance tests, as well as to identify strengths and weaknesses in skill levels. These checklists were developed 

using a direct observation approach, with items formulated to align with the skills intended for students during the tests. The 

reliability and validity of the observation checklist items were also assessed using Cronbach’s alpha, yielding an overall 

reliability and item validity coefficient of 0.863, indicating high internal consistency and confirming the instrument’s 

reliability in assessing students’ skill performance. 

 

3. Student Attitude Scale 

A three-point Likert scale was developed to measure students' attitudes toward the inclusive learning unit. The scale included 

items assessing the clarity of instruction, content accessibility, classroom interaction, and perceived benefits of inclusiveness. 

Its validity and reliability were established through expert evaluations and internal consistency measures. Cronbach's alpha 

was used to calculate the reliability of the scale, yielding an overall coefficient of 0.809, which indicates a high level of 

internal consistency and confirms the instrument's reliability in measuring students' attitudes toward the educational unit. 

http://www.ajsp.net/
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Instructional Unit Development (ADDIE Model) 

The educational unit was developed using the ADDIE model as a systematic instructional design framework. 

Analysis: Identifying learners’ needs, including accessibility requirements for students with hearing impairment. 

Design: Creating learning outcomes, instructional sequences, and visually rich teaching materials. 

Development: Preparing multimedia presentations enhanced with images, videos, and step-by-step demonstrations 

accessible to both hearing and hearing-impaired students. 

Implementation: Executing the unit in inclusive and non-inclusive classroom settings. 

Evaluation: Conducting pre/post assessments and collecting learner feedback. 

To ensure an inclusive classroom environment, visual media were embedded throughout the unit and made available for 

review at any time, especially benefiting students with hearing impairments. The characteristics of students with hearing 

impairments were also taken into account, as the department provided a sign language interpreter during the delivery of the 

instructional unit. 

Study Procedures 

One month prior to the start of the study, the researcher completed a month-long sign language training program, despite the 

presence of a sign language interpreter during the unit. This training aimed to enhance the effectiveness of direct 

communication with hearing-impaired students, particularly in situations requiring immediate positive reinforcement to 

encourage participation. Official approval to conduct the study was obtained through a formal authorization request submitted 

to the department head. 

A coordination meeting was held with both instructors of the “Clothing Manufacturing Technologies” course—for hearing-

impaired and hearing students—to align schedules and clarify procedures related to student integration. Separate orientation 

sessions were conducted for each group two weeks before the educational unit was implemented. The first session involved 

hearing-impaired students, followed by a session with hearing students. These sessions aimed to introduce the content, 

objectives, and requirements of the educational unit, clarify the nature of the inclusive learning environment, and explain the 

rationale behind integrating both groups in a shared classroom. One week prior to the launch, students were reminded of the 

scheduled implementation dates by their course instructors. 

The educational unit was implemented over four consecutive weeks, following a structured plan that incorporated practical 

application and inclusive teaching strategies. Due to difficulties in aligning students’ schedules for multiple integrated 

sessions, hearing-impaired and hearing students were combined in a single class session on Tuesdays. Wednesdays and 

Thursdays were dedicated exclusively to hearing-impaired and hearing students, respectively. This approach aligns with 

previous studies emphasizing the importance of gradually implementing full inclusion in general education settings in Saudi 

Arabia (Al-Sufyani, 2021; Al-Maliki & Al-Qahtani, 2021). 

Week 1: Pretests were administered to all students, and the educational unit’s description and requirements were introduced. 

To foster interaction and reduce first-meeting barriers between hearing and hearing-impaired students, The Communication 

Game (Cahya, 2021) was implemented. The game included simple descriptive statements and interactive tasks that 

encouraged hearing students to use descriptive sign language, gestures, and visual expressions. Following this activity, the 

first lecture, titled “The Sample,” was delivered in an inclusive environment, covering the concept of the sample, its purpose, 

and its types, using the lecture strategy. For the practical component, the CLO3D software was installed on all students’ 

laptops, and program settings were configured to prepare students for upcoming sessions. 

Week 2: The week began with a review of previously taught concepts through oral questioning. The second lecture, titled 

“Technical File,” addressed the definition and components of the technical file. Students then worked in homogeneous groups 

(hearing-impaired and hearing) using the cooperative learning strategy to produce two complete technical files—one per 

group. Within each group, tasks were distributed among students, including designing the flat sketch, preparing the 

measurement chart, explaining design details, and selecting colors. Submission deadlines were set for the end of the week 

via email, with outputs scheduled for evaluation in Week 3. Instructional strategies included demonstration, cooperative 

learning, peer assessment, and role-playing, with students simulating the role of a technical designer (Al-Shahrani, 2022). 

Practical work continued in non-inclusive sessions: hearing-impaired students on Wednesday and hearing students on 

Thursday. 

Week 3: The third week began with evaluating the technical files using the peer-assessment strategy to enhance interaction 

and reflective discussion. The third lecture, titled “Virtual Sample,” introduced key concepts related to virtual sampling, its 

http://www.ajsp.net/
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differences from physical samples in the fashion industry, and the advantages and challenges of using 3D virtual fashion 

design technologies. In practical sessions, students explored several 3D fashion design platforms and transformed their 

technical files into complete virtual samples using CLO3D. Inclusive learning strategies included role-playing, where 

students simulated the roles of virtual sample developers. Further practical implementation continued in non-inclusive 

sessions: hearing-impaired students on Wednesday and hearing students on Thursday. 

Week 4: Students continued developing their virtual samples in an inclusive classroom setting. Posttests were administered 

separately for each group during their non-inclusive sessions. After completing the posttests, an attitude scale measuring 

students’ perceptions of the inclusive educational unit was administered. 

Following the quantitative phase, focus group interviews were conducted with each group separately, lasting 30–50 minutes 

per session. Additionally, semi-structured individual interviews with academic staff (20–30 minutes) were conducted to 

explore their perspectives on the unit’s implementation. 

 

Figure 1: An illustrative image from Johar et al. (2023) showing the manufacturing laboratory in the Department of Fashion 

and Textile, where the instructional unit in the present study was implemented. 

Note: In the present study, 3D icons and explanatory labels were added to the original image to provide a visual representation 

of the inclusive classroom environment. 

27). Descriptive statistics, including means, standard deviations, frequencies, and percentages, were calculated to describe 

students’ performance and attitudes. To examine differences between pretest and posttest scores, the Wilcoxon Signed-Rank 

Test was applied, as it is appropriate for small samples and non-parametric data. Effect sizes were also computed to assess 

the magnitude of change. To compare the performance of the two groups (hearing-impaired students and hearing students), 

the Mann–Whitney U Test was used to determine whether there were statistically significant differences between the groups. 

The significance level for all analyses was set at α = 0.05. 

 

Qualitative Data Analysis 

Qualitative data obtained from the student focus group interviews were analyzed using thematic analysis, following Braun 

and Clarke’s (2006) six-step framework. The analysis process included familiarization with the data, generating initial codes, 

developing preliminary themes, reviewing and refining themes, defining and naming themes, and producing the final 

thematic structure. Coding was conducted using the ATLAS.TI program, and the credibility and trustworthiness of the 

findings were enhanced through peer review by the supervisor, triangulation with data collected from individual interviews 

with three academic staff members, and member checking. 

http://www.ajsp.net/
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Results and Discussion 

At the beginning of the results section, the quantitative findings obtained from the research instruments—including the 

practical performance test, performance observation checklists, and the students’ attitude scale—were presented. These 

quantitative results were analyzed using appropriate statistical methods, including means, standard deviations, frequencies, 

and percentages, in addition to non-parametric tests such as the Wilcoxon signed-rank test and the Mann–Whitney U test for 

two independent samples . 

Following the presentation of the quantitative results, the qualitative findings derived from the focus group interviews 

with the students were presented. These findings were analyzed using thematic analysis. Moreover, the perspectives of 

academic staff obtained through individual interviews were incorporated to provide an academic lens and complement the 

students’ views. 

Quantitative Result 

Verification of the First Hypothesis 

The validity of the first research hypothesis was tested, which states: “There are statistically significant differences between 

the mean rank scores of the two groups of students on the skill performance test before and after the implementation of the 

educational unit, in favor of the posttest.” The statistical procedures included calculating the means and standard deviations 

of hearing-impaired and hearing students’s scores on the skill performance test in both the pretest and posttest 

administrations, following the implementation of an inclusive educational unit designed to teach 3D clothing design software 

techniques in the academic course “Clothing Manufacturing Technologies.” The following table summarizes these results. 

 

The results summarized in Table 1 indicate that students in both groups improved in the posttest, as indicated by the 

comparison of pretest and posttest means and standard deviations. 

Table 1: Means and Standard Deviations of the Scores of Both Groups of Students in the Pretest and Posttest 

Administrations of the Skill Performance Test 
Standard 

Deviation 
Mean Performance Type Skill Performance Domains 

0.00 0.00 Pretest 
Software Operation and Setup 

0.00 4.00 Posttest 

0.00 0.00 Pretest 
Model Pattern Drafting 

2,54 13,9 Posttest 

0.00 0.00 Pretest 
Model Simulation on the Avatar 

3,35 7,70 Posttest 

0.00 0.00 Pretest 
Overall Skill Performance 

5,46 25,6 Posttest 
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To examine the significance of differences in the students’ mean scores between the pretest and posttest of the skill 

performance test, and given that the data did not meet the assumptions of parametric tests due to the small sample size, the 

Wilcoxon Signed-Rank Test was applied. This nonparametric test serves as an alternative to the paired-samples t-test. The 

following table presents the analysis results. 

 

 

The results in Table 2 indicate that the mean rank for positive signs in overall skill performance was 12.0, compared to 0.00 

for negative signs. The sum of ranks for positive signs in overall skill performance was 276.0, reflecting the substantial 

impact of positive ranks compared to negative ranks, whose total sum was limited to 0.00. According to the Z statistic (4.202) 

at a significance level of 0.01, these results demonstrate that the improvement in posttest skill performance of students in 

both groups is not random, but rather a direct effect of the educational unit. Thus, the second hypothesis is supported: “There 

are statistically significant differences between the mean ranks of students’ scores in the skill performance test before and 

after the implementation of the educational unit, in favor of the posttest.” 

The results of the first hypothesis in the current study are consistent with the findings of previous studies (Al-Thubaiti, 2025; 

Al-Kharbawi et al., 2023; Shaheen et al., 2021; Hodges et al., 2020; Baytar, 2017; Hwang & Hann, 2017; Sholikhah et al., 

2025), which confirmed that teaching 3D clothing design software within an educational unit or training program effectively 

Table 2: Z Values and Their Statistical Significance for the Differences Between the Mean Ranks of Hearing-Impaired and 
Hearing Students in the Pretest and Posttest of the Skill Performance 

Effect Size Significance (p) Z Statistic 
Sum of 

Ranks 

Mean 

Rank 
Sign Ranks 

Skill Performance 

Domains 

1.00 (Very 

large effect) 
0.01 4.796 

0.00 0.00 Negative Ranks Software Operation and 

Setup 12.0 276.0 Positive Ranks 

0.88 (Very 

large effect) 
0.01 4.233 

0.00 0.00 Negative Ranks 
Model Pattern Drafting 

12.0 276.0 Positive Ranks 

0.87 (Very 

large effect) 
0.01 4.204 

0.00 0.00 Negative Ranks Model Simulation on the 

Avatar 12.0 276.0 Positive Ranks 

0.87 (Very 

large effect) 
0.01 4.202 

0.00 0.00 Negative Ranks 
Overall Skill Performance 

12.0 276.0 Positive Ranks 

 

 
 

Figure 2: Mean Scores of Hearing-Impaired and Hearing Students in the Pretest and Posttest of 
 the Skill Performance Test 
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contributes to the development of students’ skill performance in the fashion and textile field. This includes skills such as 

pattern drafting and transforming them into virtual samples. The use of this technology also helps avoid undesirable outcomes 

in physical sample fitting, as students can preview the virtual sample simultaneously with drafting 2D patterns, thereby 

enhancing productivity and execution accuracy. 

Although the current study’s results align with those of previous research, the key difference lies in the scope of 

implementation. Previous studies applied 3D clothing design software exclusively to hearing students and did not involve 

inclusive education. In contrast, the current study included both hearing-impaired and hearing students within an inclusive 

learning environment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Verification of the Second Hypothesis 

The second research hypothesis was tested, which states that: “The frequencies and percentages in the skill performance 

observation checklists indicate proficient performance of students in both groups.” To verify this hypothesis, the data were 

analyzed by calculating the frequencies and percentages of the levels in the skill performance observation checklists, which 

included the following categories: Proficient, Partially Proficient, and Not Proficient 

 

Table 3: Frequencies and Percentages of the Skill Performance Observation Checklists 

NO. Skill 
Proficient 

Partially 

Proficient 

Not 

Proficient 
Overall 

Performance 
F % F % F % 

Domain 1: Starting the Program 

1 Opening the program and logging in 23 100 0 0 0 0 Proficient 

2 Adding an avatar from the (Avatar) option 23 100 0 0 0 0 Proficient 

Domain 2: Drafting the 2D Pattern 

3 
Drafting the pattern using the (Polygons) 

tool 
23 100 0 0 0 0 Proficient 

4 
Adjusting pattern curves using the (Edit 

Curvature) tool 
23 100 0 0 0 0 Proficient 

5 
Editing pattern lines using the (Edit 

Pattern) tool 
22 95,7 0 0 1 4.3 Proficient 

6 
Modifying pattern measurements using 

(Change Length) 
21 91,3 1 4,3 1 4,3 Proficient 

7 Copying the pattern using (Unfold) 19 82,6 1 4,3 3 13,0 Proficient 

Domain 3: Arranging and Preparing Pattern Pieces (3D) 

 

Figure 3: Scores of Hearing-Impaired and Hearing Students in the Pretest and Posttest of the 

Skill Performance Test 
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Note: N= 23, F= Frequency 

 

The results in Table 3 show that most students achieved a Proficient rating across the skill performance domains. Proficiency 

ranged from 100% in Starting the Software to 69.6–100% in 2D Pattern Drafting and Arranging and Preparing Pattern Pieces, 

and 69.6–87.0% in Customizing the Model and Final Appearance. Overall, the observation checklists indicated a relatively 

high level of skill proficiency. 

Classroom observations during the use of CLO3D revealed greater engagement in the 3D window compared to the 2D 

window, as the 3D visualization facilitated understanding of pattern components on the virtual mannequin. Students also 

improved their efficiency by using program shortcuts, which speed up task completion. 

Based on these findings, the second hypothesis is supported, indicating that the frequencies and percentages in the 

observation checklists reflect proficient performance of students in both groups. These results are consistent with previous 

studies (Shaheen et al., 2021; Hwang & Hahn, 2017), which also reported improved skill performance after teaching 3D 

clothing design programs, while the current study uniquely implemented an inclusive approach including both hearing-

impaired and hearing students. 

Figures 4 and 5 illustrate the virtual samples of the students’ work in the post-performance test using the CLO3D software. 

These virtual samples reflect the students’ accuracy in arranging the pattern pieces and applying the concepts acquired during 

the instructional unit. 

 

8 

Arranging pattern pieces on the virtual 

mannequin using (Show Arrangement 

Points) 

22 95,7 0 0 1 4,3 Proficient 

9 
Sewing pattern pieces using the (Segment 

Sewing) tool 
23 100 0 0 0 0 Proficient 

10 
Splitting the center line into two halves 

using (Split) 
20 87,0 0 0 3 13.0 Proficient 

11 
Adding waist darts (front/back) using (Add 

Dart) 
19 82,6 1 4,3 3 13,0 Proficient 

12 Using the cutting tool (Internal Rectangle) 16 69,6 1 4,3 6 26,1 Proficient 

Domain 4: Model Customization and Final Appearance 

13 Adding a zipper using the (Zipper) tool 13 56,5 2 8,7 8 34,8 Proficient 

14 
Selecting the fabric from the (Fabric) 

option 
16 69,6 0 0 7 30,4 Proficient 

15 
Changing the color code through the (Color 

Palette) 
20 87,0 0 0 3 13,0 Proficient 
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Verification of the third hypothesis 

“There are statistically significant differences between the mean rank scores of hearing-impaired students and hearing 

students in the skill performance of the pre- and post-application, in favor of one of the two groups of students.” 

To verify this hypothesis, the Mann–Whitney U test for two independent samples was applied to determine whether the 

observed differences in academic achievement were statistically significant after teaching the inclusive instructional unit for 

 

Figure 4: A sample of the post-performance test work of one of the students with hearing impairments 

 

 

Figure 5: A sample of the post-performance test work of one of the hearing students 
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3D clothing design software techniques within the academic course “Techniques of Apparel Industry.” The following table 

summarizes the results. 

 

 

The results presented in Table 4 indicate statistically significant differences in  skill performance between hearing-impaired 

and hearing students before and and after the instructional unit. The post-test mean scores were higher than the pre-test scores 

in skill performance, with hearing-impaired students achieving a post-test mean of 22.82, compared to 28.25 for hearing 

students. The Mann–Whitney U test for overall skill performance yielded a value of U = 33.0 at the 0.01 significance level, 

below the 0.05 threshold, indicating a statistically significant difference in favor of the hearing students. 

Although the hearing students’ mean scores were higher than those of the hearing-impaired students, the latter demonstrated 

remarkable improvement in their skill performance after implementing the instructional unit. This improvement can be 

attributed to the effects of inclusive education and the teaching of 3D clothing design software techniques, which enhanced 

the overall skill performance of all students. 

These findings are consistent with those of Shaheen et al. (2021) and Hwang & Hahn (2017), who found that teaching 3D 

clothing design software within an instructional unit effectively improves students’ skill performance, including pattern 

drafting, piece arrangement, and transforming 2D patterns into 3D virtual models. Additionally, Al-Layati and Al-Dabbagh 

(2021) demonstrated that hearing-impaired students achieve notable progress in technology-based learning environments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4: Mann–Whitney U Test for Two Independent Samples: Differences Between the Mean Rank Scores of Students 

in Skill Performance in the Pre- and Post-Application 

Achievement Performance Sample Mean 
Mean 
Rank 

Rank 
Sum 

U 
Value 

Significance (p) 

Skill 
Performance 

Pre 
Hearing-
Impaired 

00,0 12,0 132,0 66,0 
 

1,00 
 

Hearing 00,0 12,0 144,0 

Post 

Hearing-
Impaired 

22,82 9,00 99,0 
33,0 0,01 

Hearing 28,25 14,75 177 

 

 

Figure 6: Differences Between the Mean Scores of Hearing-Impaired and Hearing Students in Pre- 

and Post-Skill Performance 
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Verification of the Fourth Hypothesis 

The fourth research hypothesis, which states that “The attitudes of students from both groups are positive toward the 

inclusive-education–based instructional unit for teaching 3D clothing design software”, was tested. To verify this hypothesis, 

the data were analyzed by calculating the percentages of students’ responses on the attitude scale toward the educational unit, 

with the following options: Agree, Agree to Some Extent, and Disagree. 

 

Table 5: Percentages of Students’ Attitudes Toward the Educational Unit for Both Groups 

 

 

 

 

 

 

 

 

The results indicate that the overall trend of students from both groups toward the educational unit was highly positive. About 

95.7% of students reported that the unit helped them develop skills in using 3D design software, 82.6% indicated that they 

learned faster through the unit, and 91.3% considered the unit a valuable addition to the curriculum. The teaching and 

assessment axis also showed a positive trend, with 91.3% agreeing that the use of technology facilitated skill development 

and that the presentations were appropriate, while 82.6% considered the assessment methods suitable. Hearing students 

provided positive qualitative feedback with suggestions for improvement, such as reducing class size to ensure a more 

effective and interactive learning experience. Regarding the inclusive education axis, 69.6% of students enjoyed learning 

with peers, 65.2% were satisfied with the time spent, and 52.2% expressed interest in integration in other courses in the 

future, with some suggesting learning sign language to improve communication. Some challenges were noted, including 

large class size and difficulties in maintaining focus during integration. Overall, students’ attitudes toward the inclusive 3D 

clothing design unit were positive, and the unit effectively enhanced their practical skills. 

 

Qualitative Result 

Theme 1. The Positive Impact of 3D Simulation Technology on Students’ Learning Experience 

Three-dimensional simulation technology emerged as one of the most impactful features for students while using the CLO3D 

program. It was perceived as a key component that enhanced students’ visual and creative skills. Several students from both 

groups reported that the simulation was the most beneficial and enjoyable aspect of learning CLO3D. Simulation enables the 

instantaneous transformation of two-dimensional flat patterns into fully constructed garments displayed on a virtual avatar 

(Figure 6). 

 

One hearing student described her experience as follows: 

“This program will really help me when learning the basics of patternmaking. I never understood how the pattern would look 

once I stitched the sample, so the program helps me a lot. I finally understand exactly where each pattern piece should be 

placed on the body, because at first, I couldn’t comprehend the dimensions of the pattern on the body.” 

This statement highlights how simulation contributed to developing 3D visualization skills—the ability to mentally transform 

two-dimensional shapes into three-dimensional forms using digital tools. Although this skill was not an intended learning 

outcome of the unit, previous studies have shown that 3D design software naturally supports its development among 

beginners (Hodges et al., 2020; Baytar, 2017; Hwang & Hahn, 2017). 

Hearing students also noted that one of their major challenges in the fashion program was flat pattern drawing and 

understanding its dimensions. One student explained: 

“We never understood how the pants pattern would eventually turn into actual pants.” 

Another added: 

“The pattern looked so strange when we first learned it in the introductory level.” 

A third commented on the difficulty of traditional hand-drawn patterns: 

Main Axis Overall Trend 
% Agree / 

Strongly Agree 
Notes 

Educational 

Unit 
Positive 87.5% - 95.7% 

Indicates students value the unit and its 

contribution to learning 3D design skills. 

Teaching & 

Assessment 
Positive 82.6% - 91.3% 

It reflects students’ satisfaction with teaching 

methods, technology use, and evaluation 

strategies. 

Inclusive 

Education 
Positive 52.2% - 69.6% 

Shows generally favorable attitude toward 

learning with peers and future integration, 

though slightly lower than other axes. 
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“The hand-drawn pattern on paper is extremely hard. When I make a mistake, I have to tear it and start over.” 

Students with hearing impairments expressed similar views, noting that simulation reduces errors before constructing 

physical samples. One hearing-impaired student stated: 

“I can use this program in my graduation project… it really helped me, especially because it shows the designs so clearly.” 

“Another Student with hearing impairments added: This program is easier and faster for designers. It’s much more useful 

than the programs we learned before. Photoshop can make advertisements, but it’s not like our field, which requires skills 

demanded by the industry—skills that CLO3D develops.” 

The sign language interpreter emphasized the value of the technology: 

“I see that virtual sample design technology benefits them in everything. The skills they need to develop in fashion and 

textiles are strongly supported by this program, especially since CLO3D is completely new to them.” 

The instructor of hearing students stressed the importance of integrating industry-relevant technologies within academic 

curricula: 

“The program is excellent, and I wish it were adopted widely… It’s better for students to learn what the industry actually 

needs rather than starting from basics that are no longer relevant.” 

The instructor of hearing-impaired students also emphasized how 3D programs support understanding pattern placement on 

virtual mannequins: 

“Draping on the mannequin is one of the advanced methods for model preparation, and with this technology, students 

immediately see their pattern results on a 3D body.” 

She further highlighted how the technology helps identify defects before physical construction: 

“It also helps students understand fitting issues and garment defects. The student sees the garment on the mannequin before 

even cutting the fabric.” 

These perspectives reflect the importance of adopting flexible curriculum development strategies aligned with industry 

demands and modern technological trends. They also underscore the need to prioritize applied skills supported by specialized 

software tools. 

Following the Explanatory Sequential Design used in this mixed-methods study, the qualitative findings corroborate the 

quantitative results from the performance observation checklists (Table 3), which showed consistently high mastery scores 

across both groups. This alignment confirms the effectiveness of the instructional unit in enhancing students’ practical skills. 

 

Integrated Interpretation of the Results 

The analysis and presentation of the qualitative results related to the implementation of the instructional unit provided a 

deeper and more comprehensive understanding of its impact on students with hearing impairments and hearing students. The 

integration of quantitative and qualitative designs offered a holistic perspective of the findings and helped interpret trends 

that could not be fully captured by quantitative data alone. This strengthened the credibility of the results and increased the 

researcher’s confidence in their interpretation. Based on the results presented, the following research questions were 

answered: 

1. What is the feasibility of designing an effective inclusive instructional unit for teaching 3D clothing design 

technology to develop the skills of students with hearing impairments and hearing students? 

This question was answered through the development of an inclusive instructional unit designed to teach 3D clothing design 

software, with the aim of enhancing students’ skills in using CLO3D to create 3D garment models. The ADDIE model was 

employed as a structured scientific framework for developing the instructional unit, and its validity and reliability were 

verified, ensuring the effective and efficient achievement of its educational objectives. 

2. What is the effectiveness of the inclusive instructional unit in teaching 3D clothing design technology for developing 

the skills of students with hearing impairments and hearing students? 

This question was addressed through the analysis of quantitative results derived from the skills test and performance 

observation checklists, which measured the development of skills among hearing-impaired and hearing students before and 

after the implementation of the instructional unit. The results confirmed statistically significant differences between the 

students’ ranked means in the pre- and post-tests, favoring the post-implementation performance. This indicates the 

effectiveness of the inclusive instructional unit in developing practical skills in 3D clothing design. 

3. What are the students’ attitudes and opinions toward the inclusive instructional unit for teaching 3D clothing design 

technology aimed at developing the skills of students with hearing impairments and hearing students? 

This question was answered through two phases: 

Quantitative analysis of the students’ attitude scale revealed positive attitudes toward the instructional unit. 

Qualitative analysis, involving focus group interviews with students and individual interviews with academic staff, helped 

interpret the quantitative findings and provided a more comprehensive understanding of the students’ learning experience 

regarding the content and teaching methods of the unit. 
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Conclusions 

The current research concluded that an educational unit based on an inclusive teaching strategy is effective for teaching 3D 

clothing design software to hearing-impaired and hearing students. 

On the educational level, this result contributed to improving students’ skills achievement and enhancing their technological 

skills, providing them with the opportunity to keep pace with one of the technological advancements in the fashion industry. 

It also supports the inclusion of people with disabilities in learning environments through inclusive teaching strategies that 

enhance their opportunities for active participation in the educational process. 

At the industrial level, the current research contributed to integrating one specialized program in fashion—3D clothing design 

simulation software—into the curriculum, helping prepare qualified cadres capable of using modern technology to develop 

the fashion sector. It also helps link education to labor- market needs by equipping graduates with the skills to meet the 

evolving industry’s demands. 

At the societal level, the research findings highlighted the role of inclusive education in promoting equal opportunities and 

achieving educational equity, thereby contributing to empowering people with disabilities and integrating them into various 

fields. In addition, it supports national development efforts by equipping academics with competencies that can contribute 

to the local fashion sector. 

 

References 

Al-Anzi, S. H., Al-Mousawi, H., & Al-Ajmi, K. H. (2020). The nature of attitudes of students with special needs toward inclusion in 

general education schools in light of some variables. Faculty of Education Journal, 39(2), 235–271. 

https://doi.org/10.21608/jsrep.2020.84447 

Abass, S. S., & Goda, M., Eltokhy, M. (2019). Studying the Effect of an Interactive 3D Program on Increasing the Skills of Hearing 

Impaired Students. International Research Journal of Engineering and Technology (IRJET), 6(10), 1-10. 

Ahmed, Y. M. E., Refai, H. A. M., Haggag, M. A. H., & Mostafa, A. S. I. (2024). Effectiveness of an e-learning program for acquiring 

some CLO3D skills among fashion students. International Design Journal, 14(1), 249–264. https://doi.org/10.21608/idj.2024.329285  

Ali, H. T. M., & Ibrahim, A. I. A. (2020). Effectiveness of a proposed instructional unit for employing the aesthetics of mandala art in 

designing clothing accessories. International Design Journal, 10(2), 159–171. https://doi.org/10.21608/idj.2020.81090 

Al-Johary, R. A. M. M., Zallat, A. A., & Rizq, M. A. S. (2015). Developing skills of fashion designing pattern and drawing for female 

students of deaf and hard of hearing schools: A case study. Journal of Home Economics Education Research, 37, 5–540. 

https://doi.org/10.21608/mbse.2015.140535 

Al-Kharbawi, R. M. Q., Misbah, S. A., & Basila, N. K. M. (2023). The effectiveness of an educational unit in developing students’ skills 

in fashion show design using virtual reality and its impact on e-commerce in the Asir region, Kingdom of Saudi Arabia. Arab Journal 

of Science and Research Publishing, 9(2), 56–71. https://doi.org/10.26389/AJSRP.B050223 

Al-Layati, A. Z., & Al-Dabbagh, M. (2021). Effectiveness of e-learning in preparing a “Models” course [Published doctoral dissertation, 

King Abdulaziz University]. Manuscript Platform. 

Al-Malki, Sultan Saeed, & Al-Qahtani, Badr Nasser. (2021). The roles of teachers of deaf and hard-of-hearing students according to 

inclusive education programs. Arab Journal of Disability and Giftedness Sciences, 5(15), 263–320. 

https://doi.org/10.21608/jasht.2021.137035 

Al-Qahtani, N. N., & Al-Selim, G. H. (2022). The extent of availability of Universal Design for Learning (UDL) standards in the teaching 

performance of inclusive school teachers. Faculty of Education Journal – Tanta University, 86(2), 290–328. 

https://doi.org/10.21608/mkmgt.2022.125075.1189 

Al-Sanbari, A. F. A. Q. (2023). The role of inclusive education in improving academic achievement from teachers’ perspectives: An 

applied study on students with learning difficulties in the first three grades in Zarqa Governorate. Journal of the Association of Arab 

Universities for Research in Higher Education, 43(3). https://digitalcommons.aaru.edu.jo/jaaru_rhe/vol43/iss3/7/ 

Al-Shahri, F. A. A., & Mahboob, R. F. (2020). Effectiveness of the “My Hand Designs My Fashion” program for teaching fashion design 

to individuals with hearing impairments using hypermedia. World of Education, 70(1), 1–186. 

https://search.mandumah.com/Record/1133573 

http://www.ajsp.net/
https://doi.org/10.21608/jsrep.2020.84447
https://doi.org/10.21608/idj.2024.329285
https://doi.org/10.21608/idj.2020.81090
https://doi.org/10.21608/mbse.2015.140535
https://doi.org/10.26389/AJSRP.B050223
https://doi.org/10.21608/jasht.2021.137035
https://doi.org/10.21608/mkmgt.2022.125075.1189
https://digitalcommons.aaru.edu.jo/jaaru_rhe/vol43/iss3/7/
https://search.mandumah.com/Record/1133573


   
   

     
 
 التسعون  العدد  –  الناسع مجلدال

     م 2026 – نيسان – 2تاريخ الإصدار: 

 www.ajsp.net                                                                                                                              
   

 
 

(AJSP) | Vol. 9 | Issue (90) 2026 Hazazi, Ejeimi: The Effectiveness of an Instructional Unit Based on Inclusive Education for Teaching 3D Apparel Design Technology in Developing the Skills of Hearing-Impaired and Hearing Students (547 )  

Arab Journal for Scientific Publishing  ||ISSN: 2663-5798 

 

Al-Shahrani, B. F. (2022). A proposed conceptualization of the ideal classroom environment for inclusive schools from the perspective of 

general and special education teachers: A mixed-methods study. Journal of Special Education and Rehabilitation, 14(50), 1–30. 

https://doi.org/10.21608/sero.2022.269667 

Al-Sufyani, Abrar Abdullah Abid. (2021). The reality of inclusive education in the Kingdom of Saudi Arabia in light of the influencing 

forces and factors. Arab Journal for Scientific Publishing, (30). 

https://www.ajsp.net/volume.php?vol=11# 

Al-Thubaiti, N. J. D. (2025). Effectiveness of an instructional program in mannequin design using 3D design software to develop female 

students’ skills. Al-Asr Journal for Humanities and Social Sciences, 11(2), 801–834. https://doi.org/10.21608/jsezu.2025.420915 

Al-Zahrani, M. A. A. (2020). Criteria for evaluating the quality of qualitative research in the humanities. International Journal of 

Educational and Psychological Studies, 8(3), 605–622. https://doi.org/10.31559/EPS2020.8.3.4 

Baytar, F. (2018). Apparel CAD patternmaking with 3D simulations: Impact of recurrent use of virtual prototypes on Students’ skill 

development. International Journal of Fashion Design, Technology and Education, 11(2), 187–195. 

https://doi.org/10.1080/17543266.2017.1378731 

Baytar, F., & Meyer, A. (2013). Equipping apparel design students with the knowledge of 3D/ 2D simulation technologies: A case study 

and its implications for curriculum development. International Textile and Apparel Association Annual Conference Proceedings, 70 

(1). https://doi.org/10.31274/itaa_proceedings-180814-781 

Bhandari, P. (2023, June 22). Multistage sampling: Introductory guide & examples. Scribbr. Retrieved November 23, 2025, from  

https://www.scribbr.com/methodology/multistage-sampling/ 

Cahya, N. (2021). The Effectiveness of Using Communication Game Toward Students Speaking Skill. PROCEEDING AISELT. Annual 

International Seminar on English Language Teaching, 6(1), 47-

55.https://jurnal.untirta.ac.id/index.php/aiselt/article/view/12493/7706 

Conlon, J., & Gallery, C. (2024). Developing digital skills: A fashion business masterclass in virtual 3D prototyping with Style3D. 

International Journal of Fashion Design, Technology and Education, 17(1), 76–85. https://doi.org/10.1080/17543266.2023.2247425 

Creswell, J. W., & Creswell, J. (2009). Research design (pp. 22-23). Thousand Oaks, CA: Sage publications. 

Fashion Commission. (2023). Fashion Sector, Sector of Opportunities: Analysis of the KSA Fashion Value Chain and a Future Fashion 

Data HUB. https://fashion.moc.gov.sa/Publications/Cultural-Status-Report 

Fashion Commission. (n.d.). digital Fashion Program. https://engage.moc.gov.sa/moc/digital-fashion-program 

Johar, E. E. S., Ashraf, B. S., Hazazi, B. A., Albattal, A. S., Almoalami, H. Y., & Alahmari, E. A. (2023). Suggested form for the application 

of 5S system ineducational laboratories specialized in fashion andtextiles. The International Arab Journal of Art and Digital Design, 

2(2), 15-58. https://doi.org/10.21608/iajadd.2023.165763.1029  

 

Hassan, R. M. M., & Abu Al- Ela, H. M. M. (2021). A training program to equip deaf and hard of hearing students with “Lace Hairpin” art 

skills to enrich the field of clothing accessories. Journal of Research in Specific Education Fields, 34(7), 1953–2008. 

https://doi.org/10.21608/jedu.2021.73321.1329 

Hodges, N., Watchravesringkan, K., Min, S., Lee, Y., & Seo, S. (2020). Teaching virtual apparel technology through industry collaboration: 

An assessment of pedagogical process and outcomes. International Journal of Fashion Design, Technology and Education, 13(2), 

120-130. https://doi.org/10.1080/17543266.2020.1742388 

Hodges, N., Watchravesringkan, K., Yan, R. N. T., & Chang, J. (2024). Being real about teaching virtual: comparing academic and industry 

views on 3D/Virtual technology adoption. International Journal of Fashion Design, Technology and Education, 17(3), 394–403. 

https://doi.org/10.1080/17543266.2024.2315074 

Hunter, D., McCallum, J., & Howes, D. (2019). Defining exploratory-descriptive qualitative (EDQ) research and considering its 

application to healthcare. Journal of Nursing and Health Care, 4(1). https://eprints.gla.ac.uk/180272/  

Hwang, J. Y., & Hahn, K. H. (2017). A Case Study of 2D/3D CAD Virtual Prototype Simulation Programs to Enhance Student Performance 

in Student-Centered Fashion Design Education. Journal of Textile Engineering & Fashion Technology, 3(1). 

https://doi.org/10.15406/jteft.2017.03.00088 

Madhesh, A. H. M. (2019). Inclusion of Deaf Students in Saudi Primary Schools. [Doctoral dissertation, Victoria University]. 

http://www.ajsp.net/
https://doi.org/10.21608/sero.2022.269667
https://www.ajsp.net/volume.php?vol=11
https://doi.org/10.21608/jsezu.2025.420915
https://doi.org/10.31559/EPS2020.8.3.4
https://doi.org/10.1080/17543266.2017.1378731
https://doi.org/10.31274/itaa_proceedings-180814-781
https://www.scribbr.com/methodology/multistage-sampling/
https://jurnal.untirta.ac.id/index.php/aiselt/article/view/12493/7706
https://doi.org/10.1080/17543266.2023.2247425
https://fashion.moc.gov.sa/Publications/Cultural-Status-Report
https://engage.moc.gov.sa/moc/digital-fashion-program
https://doi.org/10.21608/iajadd.2023.165763.1029
https://doi.org/10.21608/jedu.2021.73321.1329
https://doi.org/10.1080/17543266.2020.1742388
https://doi.org/10.1080/17543266.2024.2315074
https://eprints.gla.ac.uk/180272/
https://doi.org/10.15406/jteft.2017.03.00088


   
   

     
 
 التسعون  العدد  –  الناسع مجلدال

     م 2026 – نيسان – 2تاريخ الإصدار: 

 www.ajsp.net                                                                                                                              
   

 
 

(AJSP) | Vol. 9 | Issue (90) 2026 Hazazi, Ejeimi: The Effectiveness of an Instructional Unit Based on Inclusive Education for Teaching 3D Apparel Design Technology in Developing the Skills of Hearing-Impaired and Hearing Students (548 )  

Arab Journal for Scientific Publishing  ||ISSN: 2663-5798 

 

https://vuir.vu.edu.au/39931/1/MADHESH%20Abdullah-thesis_nosignature.pdf  

Papahristou, E., & Tatsi, N. Z. (2024). A review of 3D design knowledge and its impact on creativity in fashion design 

education. Communications in Development and Assembling of Textile Products, 5(2), 266-277. 

https://doi.org/10.25367/cdatp.2024.5.p266-277 

Prasetya, L. A., Widiyawati, I., Rofiudin, A., Haq, S. T. N., Hendranawan, R. S., Permataningtyas, A., & Ichwanto, M. A. (2025). The use 

of CLO3D application in vocational school fashion expertise program: Innovations, challenges and recommendations. Journal of 

Research in Instructional, 5(1), 287-299. https://doi.org/10.30862/jri.v5i1.550 

Quasi-experimental and single-case experimental designs. (2019). In Sage Publications. https://us.sagepub.com/sites/default/files/upm-

binaries/89876_Chapter_13_Quasi_Experimental_and_Single_Case_Designs.pdf 

Rusli, M. S., & Ibrahim, Z. (2022). Augmented Reality (AR) for Deaf and Hard of Hearing (DHH) for animation. E-Academia 

Journal, 11(2), 175-186.  

https://ir.uitm.edu.my/id/eprint/88957  

Salem, M. S. M. S., Ali, M. M. M., Alam, I. G. A., & Abu Al-Lail, A. M. I. (2020). Designing an e-learning environment to develop 

achievement motivation among students with hearing impairments. Faculty of Education Journal – Benha University, 31(122), 595–

613. https://doi.org/10.21608  

Salem, S. S., & Basaffar, A. A. (2024). A training system on smart phones to develop fashion and textile concepts for the female students 

with severe hearing impairment. Arab Gulf Journal of Scientific Research. 42(3), 884–903. https://doi.org/10.1108/AGJSR-01-2023-

0006 

Shaheen, S. M. A. W., Al-Naqeeb, N. A., & Al-Hassoun, N. M. H. (2021). Effectiveness of a training program in fashion design using 3D 

design software to develop graduates’ skills. Scientific Journal of the Faculty of Specific Education – Menoufia University, 8(27), 

237–296. https://doi.org/10.21608/molag.2021.200454 

Sholikhah, R., Widowati, W., & Atika, A. (2 April 2025). Development of 3D Virtual Fashion Design E-module Using CLO3D Software 

to Improve 21st Century Skills in Fashion Design Education. In The 8th International Conference on Education Innovation (ICEI 

2024). 819-841. Atlantis Press. https://doi.org/10.2991/978-2-38476-360-3_72 

Tkachuk, V. V., Yechkalo, Y. V., & Markova, O. M. (2018). Augmented reality in education of students with special educational needs. In 

CTE Workshop Proceedings. 5, 67. https://doi.org/10.55056/cte.136 

Wahl, L. & Adams, M. K., (2017). Tech Pack Exchange: How well can you communicate if you are not there? International Textile and 

Apparel Association Annual Conference Proceedings 74(1). https://www.iastatedigitalpress.com/itaa/article/id/1532/ 

Widiyawati, I., Prasetya, L. A., Permataningtyas, A., Nurhadi, D., Hidayati, N., & Ichwanto, M. A. (2024). Application of Clo3d Technology 

in Fashion Vocational Education in Vocational Schools: A Systematic Literature Review. IJECA International Journal of Education 

and Curriculum Application, 7(3), 268-278. https://doi.org/10.31764/ijeca.v7i3.26216 

 

 

 

 

 

 

 

 

 

 

Copyright © 2026 by: Arab Journal for Scientific Publishing (AJSP). All rights reserved 

http://www.ajsp.net/
https://vuir.vu.edu.au/39931/1/MADHESH%20Abdullah-thesis_nosignature.pdf
https://doi.org/10.25367/cdatp.2024.5.p266-277
https://doi.org/10.30862/jri.v5i1.550
https://us.sagepub.com/sites/default/files/upm-binaries/89876_Chapter_13_Quasi_Experimental_and_Single_Case_Designs.pdf
https://us.sagepub.com/sites/default/files/upm-binaries/89876_Chapter_13_Quasi_Experimental_and_Single_Case_Designs.pdf
https://ir.uitm.edu.my/id/eprint/88957
https://doi.org/10.21608
https://doi.org/10.1108/AGJSR-01-2023-0006
https://doi.org/10.1108/AGJSR-01-2023-0006
https://doi.org/10.21608/molag.2021.200454
https://doi.org/10.2991/978-2-38476-360-3_72
https://doi.org/10.55056/cte.136
https://www.iastatedigitalpress.com/itaa/article/id/1532/
https://doi.org/10.31764/ijeca.v7i3.26216
http://www.ajsp.net/

