Impact of Differentiated Instruction on the Visualization Skills of Senior High School Students in Drafting Technology
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ABSTRACT

	This study aimed to examine the impact of Differentiated Instruction (DI) on the visualization skills of Senior High School students in Drafting Technology. Utilizing a pre-experimental one-group pre-test–post-test design, the research was conducted in selected public senior high schools in Laoag City during the School Year 2025–2026, involving 40 students enrolled in the Technical-Vocational-Livelihood (TVL) Drafting Technology track. Data were collected through a researcher-developed pre-test and post-test to measure students’ visualization skills and a structured feedback survey to assess perceived improvements in performance, accuracy and speed of drafting tasks, confidence in demonstrating techniques, ability to connect new lessons with prior knowledge, and the overall effectiveness of DI. Results revealed that DI significantly enhanced students’ drafting performance, with weighted means of 3.55 to 3.63 (Very Effective) for perceived improvement, accuracy, and speed, indicating that hands-on activities, visual demonstrations, and scaffolded exercises facilitated mastery of spatial concepts. Students’ confidence in demonstrating drafting techniques was rated 3.18 (Effective), while their ability to connect new lessons with prior knowledge received a mean of 3.75 (Very Effective), demonstrating that DI accommodated diverse learning styles and readiness levels while promoting meaningful learning connections. Overall, students rated the effectiveness of DI at 3.80 (Very Effective), reflecting strong engagement, skill acquisition, and motivation. These findings support the conclusion that Differentiated Instruction is a highly effective, learner-centered approach for improving visualization skills and overall performance in Drafting Technology, highlighting the value of flexible, inclusive instructional practices that foster technical competence, confidence, and independent learning. The study underscores the importance of adopting DI strategies in technical-vocational education to enhance both cognitive and practical skills essential for students’ academic and professional success.
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1. INTRODUCTION

Drafting Technology is a core component of technical-vocational education, particularly in Senior High School programs that prepare learners for careers in engineering, architecture, construction, and industrial design (Pandayan, 2025; Sira, 2016). Central to competence in drafting is visualization skill, or spatial ability—the capacity to mentally manipulate, rotate, and interpret objects in three-dimensional space and accurately translate them into two-dimensional representations. Contemporary research consistently emphasizes that visualization is not merely an auxiliary skill but a foundational cognitive ability that underpins success in technical drawing, design interpretation, and problem-solving in STEM-related fields (Hegarty, Burte, & Boone, 2018; Katsioloudis & Stefaniak, 2018). As drafting tasks become more complex with the integration of digital tools and industry-aligned standards, the demand for strong visualization skills among Senior High School students has become even more pronounced.
In the Philippine context, the implementation of the K to 12 curriculum—particularly the Technical-Vocational-Livelihood (TVL) track—has heightened expectations for learners to demonstrate practical and higher-order skills aligned with workplace competencies. However, several local studies suggest that Filipino students exhibit wide variability in spatial and visualization abilities, especially in applied subjects such as drafting and engineering drawing. Marwa, Choji, and Dalumo (2020) highlight that many learners struggle to mentally construct and interpret three-dimensional objects, which negatively affects their drafting accuracy and confidence. This challenge is further compounded by traditional instructional practices that rely heavily on uniform lectures and board demonstrations, often neglecting individual differences in learning pace, readiness, and preferred modes of engagement.
Philippine-based research increasingly points to the limitations of “one-size-fits-all” instruction in skill-based and cognitively demanding subjects. Suson et al. (2020), in their study on differentiated instruction in Philippine classrooms, found that students’ learning outcomes significantly improved when instruction was tailored to varying abilities and learning needs. Although their work focused on reading comprehension, the findings underscore a broader pedagogical insight: Filipino learners benefit when instruction is responsive rather than standardized. Similarly, Labordo (2024) demonstrated that differentiated instruction enhances learners’ comprehension and engagement by allowing multiple pathways to learning, a principle that is highly applicable to Drafting Technology, where visualization skills develop through repeated, scaffolded, and multimodal experiences.
International literature reinforces these local findings by emphasizing that spatial and visualization skills are not fixed traits but are malleable and responsive to instructional design. Katsioloudis and Stefaniak (2018) reported that engineering technology students exposed to varied drafting models and instructional approaches showed significant gains in spatial visualization ability. Likewise, Papakostas et al. (2021), in their systematic review of augmented reality and spatial training, concluded that learners develop stronger spatial skills when exposed to interactive, visual, and learner-centered strategies rather than passive instruction. These findings suggest that instructional flexibility is a key factor in addressing individual differences in visualization development.
Differentiated Instruction (DI) provides a theoretical and practical framework for addressing these challenges. DI is grounded in the principle that learners differ in readiness, interest, and learning profile, and therefore instruction must be deliberately adjusted to optimize learning for all students. Smale-Jacobse et al. (2019), in their systematic review of secondary education research, found that differentiated instruction positively affects student engagement, academic performance, and self-efficacy, particularly when teachers intentionally vary content, process, and assessment. In vocational education settings, Compen et al. (2024) further emphasize that DI is especially effective when aligned with hands-on tasks, real-world applications, and performance-based outcomes—features that closely mirror the demands of Drafting Technology courses.
Recent studies also highlight the role of technology-enhanced differentiated instruction in supporting complex cognitive skills. Estaiteyeh and DeCoito (2024) found that integrating digital tools, visual resources, and adaptive learning materials within a differentiated framework significantly improved learners’ conceptual understanding in STEM contexts. For drafting students, such approaches may include the use of 3D models, varied drawing tasks, peer collaboration, and scaffolded exercises that allow learners to progress from concrete to abstract visualization. International evidence from mathematics and science education similarly demonstrates that differentiated instruction leads to deeper conceptual understanding and improved performance when students are allowed multiple ways to engage with content (Begna, Atnafu, & Michael, 2025; Aljaser, 2019; Aniswita et al., 2024).
Despite the growing body of evidence supporting differentiated instruction, there remains a noticeable gap in Philippine research specifically examining its impact on visualization skills in Drafting Technology at the Senior High School level. Most local studies focus on literacy or general academic subjects, leaving technical-vocational disciplines underexplored. Given the critical role of visualization in drafting performance and the documented diversity of learners’ spatial abilities, there is a clear need for empirical investigation in this area.
Anchored on these local and international insights, the present study seeks to examine the impact of Differentiated Instruction on the visualization skills of Senior High School students in Drafting Technology. By systematically exploring how varied instructional strategies influence students’ ability to visualize and render objects accurately, this research aims to contribute context-specific evidence that can inform teaching practices, curriculum design, and instructional policy in Philippine technical-vocational education. Ultimately, the study aspires to support more inclusive, effective, and skill-responsive drafting instruction that empowers learners to succeed both academically and professionally. Specifically, the study aims to:
(1) determine the perceived effectiveness of Differentiated Instruction in enhancing students’ visualization skills in Drafting Technology;
(2) assess its impact on students’ accuracy, speed, and confidence in performing drafting tasks; and
(3) examine how Differentiated Instruction facilitates students’ ability to connect new drafting concepts with prior knowledge.


2. methodology 

The pre-experimental one-group pre-test–post-test design was employed to determine the impact of Differentiated Instruction (DI) on the visualization skills of Senior High School students in Drafting Technology. This design was considered appropriate as it allows the measurement of students’ baseline performance before the intervention and the assessment of their improvement after the implementation of DI, without manipulating other variables.
The study involved forty (40) Senior High School students enrolled in the Technical-Vocational-Livelihood (TVL) Drafting Technology track in selected public senior high schools in Laoag City during the School Year 2025–2026. Participants were selected to ensure that only those directly involved in drafting and relevant learning activities were included in the study.
Data was collected using two instruments. The first was a pre-test and post-test developed by the researcher to measure students’ visualization skills, particularly their ability to mentally manipulate and accurately represent three-dimensional objects in drafting tasks. The test was pilot tested with a comparable group of students, and its reliability was established through internal consistency analysis, which yielded acceptable results. The second instrument was a structured feedback survey developed by the researcher to assess students’ perceptions of academic improvement, accuracy and speed in drafting tasks, confidence in demonstrating drafting techniques, ability to connect new lessons with prior knowledge, and the overall effectiveness of differentiated instruction. The survey was reviewed and refined by a panel of expert Drafting Technology teachers and was pilot tested prior to its formal administration to ensure clarity and validity.
Pre-tests, post-tests, and surveys were administered to students after obtaining informed consent. Participation was voluntary, and confidentiality was ensured throughout the study in accordance with ethical research standards.
[bookmark: _Hlk218980558]Frequency and percentage were used to describe the respondents’ demographic profiles, while the weighted mean was employed to interpret students’ responses to the structured feedback survey on perceived improvement and performance in Drafting Technology. Pre-test and post-test scores were analyzed to determine the effect of differentiated instruction on students’ visualization skills. For the interpretation of weighted mean scores, the following ranges were used: 3.26–4.00 (Very Effective), 2.51–3.25 (Effective), 1.76–2.50 (Fairly Effective), and 1.00–1.75 (Not Effective).
3. results and discussion

This section presents the results and discussion of the study, focusing on how Differentiated Instruction (DI) influences the visualization skills of Senior High School students in Drafting Technology. The analysis highlights students’ perceptions of DI across key learning indicators related to performance, task efficiency, confidence, and conceptual understanding. By interpreting the quantitative findings alongside relevant scholarly literature, this section aims to explain the extent to which differentiated instructional strategies contribute to improved visualization skills and more effective learning experiences in a drafting technology classroom.
Table 1. Perceived Effectiveness of DI in Enhancing Visualization Skills of Senior High School Drafting Students (N=40)
	Indicator
	Mean
	SD
	Descriptive Interpretation

	1. Perceived Improvement in Drafting Technology Performance
	3.55
	0.50
	Highly Effective

	2. Accuracy and Speed in Completing Drafting Tasks
	3.63
	0.63
	Highly Effective

	3. Confidence in Demonstrating Drafting Techniques
	3.18
	0.68
	Effective

	4. Ability to Connect New Lessons with Prior Knowledge
	3.75
	0.44
	Highly Effective

	5. Overall Effectiveness of Differentiated Instruction
	3.80
	0.41
	Highly Effective


Legend		Mean Ranges		Descriptive Interpretation
3.26–4.00			Highly Effective
2.51–3.25 		Effective 
1.76–2.50			Somewhat Effective 
1.00–1.75 		Not Effective

Perceived Improvement in Drafting Technology Performance. The first indicator obtained a weighted mean of 3.55, interpreted as Highly Effective, with a standard deviation of 0.50. Out of the 40 respondents, 34 students (85%) rated this indicator as either 3 or 4 on the Likert scale, indicating strong agreement that Differentiated Instruction (DI) improved their drafting performance. The relatively low SD suggests a high level of consistency in students’ perceptions, implying that most learners similarly experienced positive gains in their visualization and drafting performance when instruction was adjusted to their learning needs.

This finding supports Philippine-based evidence reported by Suson et al. (2020), who emphasized that differentiated instruction significantly enhances learner performance by accommodating diverse abilities. In vocational and skills-based education, Compen et al. (2024) further noted that DI is most effective when instructional tasks vary in complexity and pacing, allowing students to progress without being limited by a uniform teaching approach. The consistency reflected in the SD reinforces the value of DI as a reliable strategy for improving drafting performance across varied learner profiles.
Accuracy and Speed in Completing Drafting Tasks. The indicator on accuracy and speed yielded a mean score of 3.63, classified as Highly Effective, with a standard deviation of 0.63. A total of 36 students (90%) expressed agreement that DI enhanced their efficiency and precision in completing drafting tasks. While the SD indicates moderate variability, the overall trend shows that the majority of students benefited from instructional strategies such as step-by-step demonstrations, visual scaffolds, and flexible task completion, which are essential for mastering drafting procedures.
This result is consistent with the findings of Katsioloudis and Stefaniak (2018), who reported that varied instructional models significantly improve spatial visualization and technical accuracy among drafting and engineering students. Similarly, Marwa et al. (2020) found that hands-on and collaborative instructional approaches positively influence learners’ spatial ability and task efficiency. The observed variability suggests that while students may differ in the rate of improvement, DI effectively supports the procedural and cognitive demands of drafting tasks.
Confidence in Demonstrating Drafting Techniques. Confidence in demonstrating drafting techniques obtained a mean of 3.18, interpreted as Effective, with a standard deviation of 0.68. Among the respondents, 29 students (72.5%) indicated agreement that DI improved their confidence. Although this indicator recorded the lowest mean, the result still reflects a positive impact, while the relatively higher SD suggests greater variation in students’ confidence levels, possibly due to differences in prior experience and skill readiness.
This outcome aligns with Bandura’s self-efficacy framework, as discussed in recent educational research synthesized by Smale-Jacobse et al. (2019), which highlights that confidence develops gradually through mastery experiences and supportive learning environments. Differentiated Instruction provides opportunities for students to work at their own pace and receive individualized feedback, thereby fostering confidence over time. Aljaser (2019) further emphasized that DI supports learners’ self-development by allowing them to experience success through appropriately challenging tasks.
Ability to Connect New Lessons with Prior Knowledge. This indicator recorded a mean score of 3.75, interpreted as Highly Effective, with a standard deviation of 0.44. Notably, 37 students (92.5%) expressed agreement, indicating strong consensus that DI helped them connect new drafting concepts with prior knowledge. The low SD reflects a high degree of agreement among students, suggesting that DI consistently facilitated meaningful learning connections across the group.
This finding aligns with Hegarty et al. (2018), who emphasized that spatial learning is enhanced when learners integrate new visual information with existing mental representations. Moreover, Estaiteyeh and DeCoito (2024) highlighted that differentiated and technology-enhanced instruction allows learners to engage with content through multiple representations, thereby strengthening conceptual connections. Such approaches are particularly relevant in Drafting Technology, where visualization relies on linking abstract symbols to real-world forms.
Overall Effectiveness of Differentiated Instruction. The overall effectiveness of DI obtained the highest mean score of 3.80, classified as Highly Effective, with a standard deviation of 0.41. A total of 38 students (95%) agreed that DI enhanced their visualization skills, learning engagement, and drafting performance. The very low SD indicates strong consistency in students’ perceptions, underscoring the broad effectiveness of DI as experienced by the respondents.
This result strongly supports the conclusions of Smale-Jacobse et al. (2019), whose systematic review reported consistent positive effects of differentiated instruction on academic outcomes and learner engagement. In vocational education contexts, Compen et al. (2024) similarly concluded that DI promotes inclusive and effective learning environments when aligned with learner needs and task demands.
Overall, the findings indicate that Differentiated Instruction is a highly effective pedagogical approach in enhancing the visualization skills of Senior High School students in Drafting Technology. High mean scores and agreement percentages across all indicators demonstrate that DI positively influences performance, task efficiency, conceptual understanding, and learner confidence. These results contribute to the growing body of Philippine and international literature supporting DI as an effective strategy in skills-based and technical education. The study reinforces the need for drafting teachers to adopt flexible, learner-centered instructional practices to address individual differences and strengthen visualization skills essential for technical-vocational success.


4. Conclusion

Based on the findings of this study, it can be concluded that Differentiated Instruction (DI) has a very effective impact on the learning performance of Senior High School students in Drafting Technology. The results show that students perceived significant improvements in their drafting performance, accuracy, and speed when completing tasks, with weighted means ranging from 3.55 to 3.63, all interpreted as Very Effective. This indicates that the use of varied teaching strategies—such as hands-on activities, visual demonstrations, and scaffolded exercises—enabled learners to grasp complex spatial concepts more effectively and apply drafting techniques with precision.
Furthermore, DI was found to effectively enhance students’ confidence and their ability to connect new lessons with prior knowledge, with weighted means of 3.18 (Effective) and 3.75 (Very Effective), respectively. These findings suggest that providing multiple pathways for learning accommodates diverse learning styles and readiness levels, creating a supportive environment where students can practice at their own pace and strengthen their technical skills. The results align with established educational theories on scaffolding, self-efficacy, and constructivist learning, emphasizing the importance of guided practice, mastery experiences, and meaningful connections in promoting skill development.
Overall, the study confirms that Differentiated Instruction is a highly effective pedagogical approach for improving both visualization skills and overall performance in Drafting Technology, with an overall mean of 3.80 (Very Effective). By tailoring content, learning processes, and outputs to individual student needs, DI fosters greater engagement, confidence, and mastery of drafting concepts. The findings highlight that implementing DI not only enhances academic outcomes but also empowers students to become more competent, independent, and motivated learners, supporting a more inclusive, learner-centered, and skill-focused classroom environment.
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