Effectiveness of Collaborative AutoCAD File Editing on Students' Learning of Structural Layout and Details
ABSTRACT
Background: Collaborative AutoCAD file editing may enhance Grade 10 Technical Drafting students’ competency in structural layout and details by promoting shared problem-solving, cognitive support, and industry-relevant teamwork skills compared with individual drafting approaches. Aims: To determine the effectiveness of collaborative AutoCAD file editing in improving Grade 10 ICT–Technical Drafting students' competency in structural layout and details, and to compare the learning outcomes of students engaged in collaborative file editing with those who performed drafting tasks individually. Study Design: Quasi-experimental pretest–posttest control group design. Place and Duration of Study: Juan P. Cedro Memorial High School, Surigao City, Philippines, School Year 2025–2026. Methodology: Twenty-three (23) Grade 10 ICT–Technical Drafting students were assigned through intact-class allocation to a control group (n = 11), which performed AutoCAD drafting individually, and an experimental group (n = 12), which engaged in collaborative AutoCAD file editing through shared drawing files and structured task distribution. Both groups completed an AutoCAD-based pretest and posttest aligned with the K–12 Most Essential Learning Competencies. Outputs were scored using a standardized performance rubric covering dimensional accuracy, completeness of layout, layering and lineweight control, annotation and symbols, and drafting standards and neatness (20 points per criterion; 100 points total). Data were analyzed using mean, standard deviation, paired-sample t-tests, independent-sample t-tests, and analysis of covariance (ANCOVA) at the .05 level of significance. Results: Both groups improved from pretest to posttest, but the experimental group demonstrated substantially greater gains, with the total mean increasing from 77.00 (SD = 6.85) to 90.67 (SD = 5.21), compared with the control group's increase from 75.64 (SD = 9.20) to 80.73 (SD = 10.09). Within-group analysis revealed statistically significant gains in the experimental group for dimensional accuracy (t = 5.00, P < .001), layering and lineweight control (t = 5.63, P < .001), annotation and symbols (t = 3.02, P = .01), and overall total score (t = 5.40, P < .001), whereas the control group showed a significant gain only in layering and lineweight control (t = 2.89, P = .02). Between-group ANCOVA on the posttest scores, controlling for pretest performance, indicated significant differences favoring the experimental group in dimensional accuracy (F = 16.82, P = .001; adjusted M = 20.08 vs. 17.00) and in layering and lineweight control (F = 12.25, P = .002; adjusted M = 18.65 vs. 15.66). No significant between-group differences were found for completeness of layout, annotation and symbols, or drafting standards and neatness. Conclusion: Collaborative AutoCAD file editing significantly improved students' technical drafting competencies, particularly in accuracy- and coordination-driven skills such as dimensional accuracy and layering and lineweight control. The strategy supports the integration of structured collaborative activities in Technical Drafting instruction, with a balanced combination of collaborative and individual practice recommended to develop competencies that rely on personal precision, such as drafting standards and neatness.
Keywords: collaborative AutoCAD file editing; technical drafting; collaborative learning; quasi-experimental design; layering and lineweight control; dimensional accuracy.
1. INTRODUCTION
In contemporary technology-driven learning environments, computer-aided design (CAD) tools have become integral to technical and vocational education, particularly in the field of Technical Drafting. Among these tools, AutoCAD remains one of the most widely used applications for producing accurate two-dimensional (2D) technical drawings, including structural layouts, elevations, and construction details. Mastery of AutoCAD is therefore considered a critical competency for students preparing for careers in construction, engineering, and architectural drafting (Deng, Mueller, Rogers, & Olechowski, 2022).
Despite its central role in drafting instruction, AutoCAD is most often taught through an individual learning approach, in which students work independently on separate files. While this method allows for the assessment of individual technical skills, it limits opportunities for peer interaction, collaborative problem-solving, and shared decision-making. This approach contrasts with industry practice, where drafting tasks are typically performed collaboratively through shared files, coordinated revisions, and collective quality control, as evidenced by the widespread adoption of building information modeling and lean construction workflows (Sacks, Koskela, Dave, & Owen, 2010; Sacks, Radosavljevic, & Barak, 2010).
Research on collaborative learning indicates that students who engage in structured peer interaction tend to demonstrate improved performance, deeper understanding, and higher levels of engagement compared with those who work independently (Johnson & Johnson, 2009; Slavin, 2014; Laal & Ghodsi, 2012). From a cognitive perspective, collaborative learning environments distribute information processing across multiple working memories, reducing the cognitive load on any individual learner and freeing capacity for schema construction during complex tasks (Kirschner, Paas, & Kirschner, 2009; Kirschner, Sweller, Kirschner, & Zambrano, 2018). In the context of AutoCAD instruction, collaborative file editing enables learners to distribute tasks, provide immediate feedback, correct errors in real time, and jointly make design decisions. Beyond technical skill development, this approach also fosters essential workplace competencies such as communication, teamwork, accountability, and problem-solving (Johnson & Johnson, 2014; Deng et al., 2022).
Although several studies have examined collaborative CAD instruction at the tertiary level (Deng et al., 2022), limited empirical evidence exists on its effectiveness in secondary-level Technical Drafting, particularly in relation to structural layout and details. This study addresses that gap by investigating the effectiveness of collaborative AutoCAD file editing on Grade 10 ICT–Technical Drafting students' learning of structural layout and details. It compares the competency of students who engage in collaborative drafting with those who perform AutoCAD tasks individually, using a standardized rubric that evaluates dimensional accuracy, completeness of layout, layering and lineweight control, annotation and symbols, and drafting standards and neatness. The findings are intended to inform pedagogically sound, industry-aligned strategies for technical-vocational education.
1.1 Research Objectives
Specifically, the study sought to answer the following objectives:
1. To determine the level of competency in structural layout and details of the control group and the experimental group during the pretest and posttest across the five criteria of dimensional accuracy, completeness of layout, layering and lineweight control, annotation and symbols, and drafting standards and neatness.
1. To determine whether there is a statistically significant difference between the pretest and posttest performance within the control group and within the experimental group.
1. To determine whether there is a statistically significant difference between the posttest performance of the control group and the experimental group when pretest performance is held constant.
1. To describe the implementation of the collaborative AutoCAD file editing strategy and derive its instructional implications for Technical Drafting.
1.2 Null Hypotheses
Consistent with the objectives, the following null hypotheses were formulated and tested at the .05 level of significance:
Ho1: There is no statistically significant difference between the pretest and posttest mean scores of the control group across each of the five competency criteria and on the total score.
Ho2: There is no statistically significant difference between the pretest and posttest mean scores of the experimental group across each of the five competency criteria and on the total score.
Ho3: There is no statistically significant difference between the posttest mean scores of the control group and the experimental group across each of the five competency criteria and on the total score, after controlling for pretest performance.
2. METHODOLOGY
2.1 Research Design
The study employed a quasi-experimental pretest–posttest control group design to determine the effectiveness of collaborative AutoCAD file editing on students' competency in structural layout and details. A quasi-experimental design was appropriate because random assignment of individual students was not possible in the school setting; intact-class groupings had to be preserved to avoid disrupting the regular instructional schedule. The pretest–posttest control group design allows for the comparison of learning outcomes between groups exposed to different instructional strategies while statistically controlling for baseline differences through analysis of covariance (ANCOVA) with the pretest score as covariate. During both the pretest and posttest, all students performed the drafting tasks individually to ensure a uniform measurement of competency; grouping into control and experimental conditions was applied only during the instructional intervention.
2.2 Participants and Group Assignment
The participants were twenty-three (23) Grade 10 ICT–Technical Drafting students at Juan P. Cedro Memorial High School in Surigao City during the School Year 2025–2026. The students were enrolled across two intact sections that meet on alternate schedules under the K–12 Technical Drafting curriculum. All twenty-three students enrolled in Technical Drafting for the period of the study were included; purposive sampling was used at the section level because the participants were currently enrolled in Technical Drafting and had prior exposure to basic AutoCAD concepts and drafting procedures.
Group assignment followed an intact-class procedure: the two existing class sections were assigned, by coin toss, to either the control or the experimental condition. This avoided splitting established class groupings (which would have disrupted the school's master schedule) while still preventing self-selection. As a result, eleven (11) students were assigned to the control group, which performed AutoCAD drafting tasks individually using a conventional approach, and twelve (12) students to the experimental group, which engaged in collaborative AutoCAD file editing, working in small groups (3–4 members per group) with shared responsibilities to produce a unified output.
Both groups were comparable on background characteristics. All participants were Grade 10 students aged 15–16 years; nineteen were male and four were female, reflecting the typical sex distribution in the ICT–Technical Drafting strand at the school. All students had completed at least one prior quarter of AutoCAD instruction covering basic drawing commands, dimensioning, and layer management, and all had access to the same computer laboratory hardware and AutoCAD version during the study. Baseline equivalence was further verified statistically: an independent-samples t-test on the total pretest scores indicated no statistically significant difference between the groups (control M = 75.64, SD = 9.20; experimental M = 77.00, SD = 6.85; p > .05), supporting the comparability of the two groups at the start of the intervention. Both groups received the same instructional content, learning objectives, time allotment, and drafting requirements; the instructional strategy was the only variable that differed between the two groups.
2.3 Research Instruments
Three instruments were used: an AutoCAD-based pretest, an AutoCAD-based posttest, and a standardized performance evaluation rubric. The pretest and posttest were performance-based assessments in which students produced AutoCAD drawings (floor plans, elevations, and roof framing plans) based on specified drafting requirements aligned with the Grade 10 Technical Drafting Most Essential Learning Competencies (MELCs). The rubric, with a total score of 100 points and equal weighting across five criteria (dimensional accuracy, completeness of layout, layering and lineweight control, annotation and symbols, and drafting standards and neatness; 20 points per criterion), provided a consistent basis for evaluation.
Content validity of the instruments was established through expert review by three Technical Drafting teachers and one school-based curriculum coordinator, who confirmed alignment with the K–12 curriculum and standard drafting requirements. Reliability of scoring was supported by applying the same rubric, scoring procedure, and assessment conditions to both the pretest and posttest, which minimized possible bias and variation in scoring.
2.4 Scoring and Interpretation of Performance Categories
Each of the five rubric criteria was scored on a 20-point scale, and the five sub-scores were summed to yield a total score with a maximum of 100 points. To support uniform interpretation of the criterion-level and total scores, the following descriptive categories were used. The cut-off ranges were adopted from the school's standard performance rating system for K–12 Technical Drafting performance tasks and apply to both criterion-level scores (out of 20) and the total score (out of 100):
	Descriptive Category
	Description
	Criterion Score (out of 20)
	Total Score (out of 100)

	Excellent
	Output exceeds the required standard on all aspects of the criterion
	19.00 – 20.00
	95.00 – 100.00

	Highly Satisfactory
	Output meets the standard with only minor errors
	17.00 – 18.99
	85.00 – 94.99

	Good
	Output generally meets the standard but contains noticeable inaccuracies
	16.00 – 16.99
	80.00 – 84.99

	Satisfactory
	Output is acceptable but with several deficiencies that affect quality
	15.00 – 15.99
	75.00 – 79.99

	Passing
	Minimum acceptable performance for the criterion or test as a whole
	15.00 (only as total category)
	75.00 – 79.99

	Failed
	Output does not meet the minimum acceptable standard
	Below 15.00
	Below 75.00


LIST 1:  Output performance rating scale with categories and score ranges (20-point and 100-point scales).
These categories are descriptive labels for the numerical scores and are applied consistently across the pretest, the posttest, and both groups. In the school's K–12 grading system, 75 represents the minimum mastery cut-off, which is reflected in the Failed/Passing boundary at the total-score level. The same conceptual cut-off (75% of the available 20 points, i.e., 15 points) was used at the criterion level for consistency.
2.5 Data Gathering Procedure
Ethical standards were strictly observed. Permission was obtained from the school head, and informed consent was secured from both the students and their parents or legal guardians. Confidentiality and anonymity were maintained by assigning codes to participants and storing scoring records separately from identifying information. The pretest was administered under controlled conditions in the computer laboratory, with all students completing the drafting task individually to establish baseline competency. Following the pretest, participants were assigned to the control and experimental groups, and the respective instructional strategies were implemented over the same number of instructional sessions. The experimental group engaged in a structured collaborative process consisting of group formation, collaborative planning, task distribution, file sharing and coordination, collaborative drafting, and output integration and revision. The posttest was administered under the same controlled conditions: the control group completed the posttest individually, while the experimental group completed it collaboratively, producing a unified output through shared responsibilities and coordinated file editing. The posttest condition was deliberately matched to each group's instructional condition so that the assessment reflected the manner in which competency had been practiced; this design decision and its implications for outcome interpretation are revisited in the limitations section.
2.6 Data Analysis
Descriptive statistics (mean and standard deviation) were used to determine students' level of competency in structural layout and details for each of the five criteria. Inferential statistics—paired-sample t-tests, independent-sample t-tests, and analysis of covariance (ANCOVA) with the pretest score as a covariate—were used to determine whether significant differences existed within and between groups. The paired-sample t-test addressed Ho1 and Ho2 by comparing pretest and posttest means within each group; the independent-sample t-test established baseline equivalence; and ANCOVA addressed Ho3 by comparing posttest means while statistically controlling for pretest performance. All statistical tests were conducted at the .05 level of significance. Gain scores were also computed to describe the extent of students' improvement after the intervention. Although the sample size (N = 23) is small, ANCOVA was selected as the primary between-group test because it increases the statistical power of comparisons in small-sample quasi-experimental designs by adjusting for baseline differences (Sweller, van Merriënboer, & Paas, 2019).
3. RESULTS AND DISCUSSION
This section presents, analyzes, and interprets the findings of the study following the order of the statement of the problem. The within-group performance of the control and experimental groups is first described, followed by between-group comparisons of posttest performance using independent-sample t-tests and ANCOVA. The implementation of the collaborative strategy and its instructional implications are then discussed.
3.1 Pretest and Posttest Performance of the Control Group
Table 1 presents the pretest and posttest performance of the control group across the five competency criteria.
Table 1. Pretest and Posttest Performance of the Control Group in Structural Layout and Details (n = 11)
	Test
	Criterion
	Mean
	SD
	Description

	Pretest
	Dimensional Accuracy
	15.64
	3.32
	Satisfactory

	
	Completeness of Layout
	15.27
	2.41
	Satisfactory

	
	Layering & Lineweight Control
	13.82
	2.09
	Failed

	
	Annotation & Symbols
	16.36
	2.16
	Good

	
	Drafting Standards & Neatness
	14.55
	2.02
	Failed

	
	Total
	75.64
	9.20
	Passing

	Posttest
	Dimensional Accuracy
	17.09
	2.59
	Highly Satisfactory

	
	Completeness of Layout
	16.36
	2.80
	Good

	
	Layering & Lineweight Control
	15.64
	2.16
	Satisfactory

	
	Annotation & Symbols
	16.36
	4.54
	Good

	
	Drafting Standards & Neatness
	15.27
	2.41
	Satisfactory

	
	Total
	80.73
	10.09
	Good



During the pretest, the control group obtained a total mean of 75.64 (SD = 9.20), described as Passing. Among the five competency areas, annotation and symbols recorded the highest mean (M = 16.36, SD = 2.16), described as Good, suggesting that students already had a reasonable foundation in basic annotation conventions. In contrast, layering and lineweight control (M = 13.82, SD = 2.09) and drafting standards and neatness (M = 14.55, SD = 2.02) were rated Failed, indicating weaknesses in technical control and presentation quality.
After the intervention, the posttest total mean increased to 80.73 (SD = 10.09), described as Good. Dimensional accuracy improved from Satisfactory (M = 15.64) to Highly Satisfactory (M = 17.09, SD = 2.59), and layering and lineweight control rose from Failed (M = 13.82) to Satisfactory (M = 15.64, SD = 2.16). Improvement in the remaining criteria was modest: completeness of layout increased from 15.27 to 16.36, drafting standards and neatness rose only slightly from 14.55 to 15.27, and annotation and symbols showed no change in mean (M = 16.36). The increase in standard deviation from 9.20 to 10.09 also indicates greater variability in student performance at posttest, suggesting that individual practice produced uneven skill development across students.
These results indicate that individual AutoCAD drafting produced gradual but limited gains. Because students worked independently, opportunities for peer feedback, idea sharing, and real-time error correction were reduced, which is consistent with prior findings that individual practice alone tends to limit the rate at which complex technical skills develop (Sweller, 1988; Kirschner et al., 2009).
3.2 Pretest and Posttest Performance of the Experimental Group
Table 2 presents the pretest and posttest performance of the experimental group across the five competency criteria.
Table 2. Pretest and Posttest Performance of the Experimental Group in Structural Layout and Details (n = 12)
	Test
	Criterion
	Mean
	SD
	Description

	Pretest
	Dimensional Accuracy
	16.67
	2.31
	Satisfactory

	
	Completeness of Layout
	15.33
	3.75
	Satisfactory

	
	Layering & Lineweight Control
	14.00
	2.09
	Failed

	
	Annotation & Symbols
	16.33
	1.15
	Good

	
	Drafting Standards & Neatness
	14.67
	1.97
	Failed

	
	Total
	77.00
	6.85
	Passing

	Posttest
	Dimensional Accuracy
	20.00
	0.00
	Excellent

	
	Completeness of Layout
	17.33
	1.97
	Highly Satisfactory

	
	Layering & Lineweight Control
	18.67
	1.97
	Highly Satisfactory

	
	Annotation & Symbols
	18.67
	1.97
	Highly Satisfactory

	
	Drafting Standards & Neatness
	16.00
	3.41
	Good

	
	Total
	90.67
	5.21
	Highly Satisfactory



At pretest, the experimental group obtained a total mean of 77.00 (SD = 6.85), described as Passing—similar to the control group's baseline. Annotation and symbols was again the strongest area (M = 16.33, SD = 1.15, Good), while layering and lineweight control (M = 14.00) and drafting standards and neatness (M = 14.67) were rated Failed. The relatively higher pretest variability in completeness of layout (SD = 3.75) suggested uneven prior preparation in including all required structural elements.
Following the collaborative intervention, the posttest total mean rose substantially to 90.67 (SD = 5.21), a gain of 13.67 points (Highly Satisfactory). The most striking improvement was in dimensional accuracy, which increased from 16.67 to a perfect group mean of 20.00 with zero variability (SD = 0.00), indicating that every member of the experimental group attained the maximum score on this criterion. Layering and lineweight control improved by 4.67 points (from 14.00 to 18.67), moving from Failed to Highly Satisfactory, and annotation and symbols increased by 2.34 points (from 16.33 to 18.67). Drafting standards and neatness improved modestly (from 14.67 to 16.00); however, the comparatively high posttest SD of 3.41 suggests that this competency remained influenced by individual habits and attention to detail despite collaborative support.
Importantly, the reduction in total-score standard deviation from 6.85 at pretest to 5.21 at posttest indicates that collaborative AutoCAD file editing not only raised mean performance but also produced more uniform competency across the group. This convergence pattern is consistent with research showing that structured collaboration narrows performance gaps by enabling lower-performing students to benefit from peer scaffolding, distributed cognitive load, and real-time feedback (Kirschner et al., 2009; Kirschner et al., 2018; Laal & Ghodsi, 2012).
3.3 Within-Group Significance of Pretest–Posttest Differences
To test Ho1 and Ho2, paired-sample t-tests were conducted to determine whether the pretest-to-posttest changes within each group were statistically significant. Results are presented in Table 3.
Table 3. Within-Group Differences Between Pretest and Posttest Performance (Paired-Sample t-Test)
	Group
	Criterion
	Posttest M
	Pretest M
	t
	P
	Interpretation

	Control
	Dimensional Accuracy
	17.09
	15.64
	1.81
	.10
	Not Significant

	
	Completeness of Layout
	16.36
	15.27
	1.45
	.18
	Not Significant

	
	Layering & Lineweight Control
	15.64
	13.82
	2.89
	.02
	Significant

	
	Annotation & Symbols
	16.36
	16.36
	0.00
	1.00
	Not Significant

	
	Drafting Standards & Neatness
	15.27
	14.55
	0.92
	.38
	Not Significant

	
	Total
	80.73
	75.64
	1.67
	.13
	Not Significant

	Experimental
	Dimensional Accuracy
	20.00
	16.67
	5.00
	< .001
	Significant

	
	Completeness of Layout
	17.33
	15.33
	1.83
	.09
	Not Significant

	
	Layering & Lineweight Control
	18.67
	14.00
	5.63
	< .001
	Significant

	
	Annotation & Symbols
	18.67
	16.33
	3.02
	.01
	Significant

	
	Drafting Standards & Neatness
	16.00
	14.67
	1.39
	.19
	Not Significant

	
	Total
	90.67
	77.00
	5.40
	< .001
	Significant



Note. Significance evaluated at the .05 level. P values are reported without a leading zero.
In the control group, none of the criteria showed a statistically significant gain except layering and lineweight control (t = 2.89, P = .02). All other criteria, including the overall total (t = 1.67, P = .13), failed to reject the null hypothesis. Ho1 is therefore retained for four of the five criteria and for the total, and rejected only for layering and lineweight control. This pattern indicates that conventional individual drafting produced only an isolated practice effect, most likely on the more procedural and repeatable skill of managing layers and lineweights, and did not yield broad gains in competency.
In the experimental group, by contrast, statistically significant within-group gains were observed in dimensional accuracy (t = 5.00, P < .001), layering and lineweight control (t = 5.63, P < .001), annotation and symbols (t = 3.02, P = .01), and the total score (t = 5.40, P < .001). Completeness of layout and drafting standards and neatness improved descriptively but did not reach statistical significance. Ho2 is therefore rejected for dimensional accuracy, layering and lineweight control, annotation and symbols, and the total, and retained for completeness of layout and for drafting standards and neatness. These results suggest that the collaborative process produced broad gains across multiple competencies, with the strongest effects in skills that benefit from real-time peer verification—setting accurate dimensions, organizing layers, and checking annotations.
3.4 Between-Group Differences in Posttest Performance
To test Ho3, ANCOVA was conducted on each criterion and on the total score, with the pretest score as the covariate. This determined whether the experimental group outperformed the control group on the posttest after controlling for pretest performance. Results are presented in Table 4.
Table 4. Between-Group Differences in Posttest Performance (ANCOVA, Pretest as Covariate)
	Criterion
	F
	P
	Decision on H₀
	Interpretation

	Dimensional Accuracy
	16.82
	.001
	Rejected
	Significant

	Completeness of Layout
	.89
	.36
	Not Rejected
	Not Significant

	Layering & Lineweight Control
	12.25
	.002
	Rejected
	Significant

	Annotation & Symbols
	2.71
	.12
	Not Rejected
	Not Significant

	Drafting Standards & Neatness
	.31
	.59
	Not Rejected
	Not Significant

	Total
	.18
	.67
	Not Rejected
	Not Significant



Statistically significant between-group differences emerged in dimensional accuracy (F = 16.82, P = .001) and in layering and lineweight control (F = 12.25, P = .002), leading to the rejection of Ho3 for these two criteria. The experimental group did not significantly outperform the control group on completeness of layout, annotation and symbols, drafting standards and neatness, or the overall total, so Ho3 is retained for those criteria. This indicates that the between-group advantage of collaboration was concentrated in two specific technical skills rather than spread evenly across all competencies.
Table 5 presents the adjusted posttest mean scores for the two criteria with statistically significant between-group differences, using pretest performance as the covariate.
Table 5. Adjusted Posttest Mean Scores Controlling for Pretest Performance
	Criterion
	Group
	Adjusted Mean

	Dimensional Accuracy
	Control
	17.00

	
	Experimental
	20.08

	Layering & Lineweight Control
	Control
	15.66

	
	Experimental
	18.65



The adjusted means in Table 5 reinforce the inferential results in Table 4. After controlling for baseline performance, the experimental group's adjusted mean for dimensional accuracy was 20.08 compared with 17.00 for the control group, a difference of 3.08 points. For layering and lineweight control, the adjusted means were 18.65 versus 15.66, a difference of 2.99 points. These adjusted differences indicate that the gains in the experimental group cannot be attributed merely to higher pretest scores; rather, they reflect a genuine instructional effect of the collaborative intervention on the two competencies that depend most heavily on peer verification and coordinated decision-making.
It is worth noting that the experimental group's within-group gain on the total score was highly significant (Table 3), yet the between-group ANCOVA on the total score was not (F = .18, P = .67). This apparent contradiction is explained by the heterogeneity of the five criteria: although both groups improved overall, the experimental group's superiority was concentrated in dimensional accuracy and layering and lineweight control, while gains on completeness of layout, annotation and symbols, and drafting standards and neatness were similar across groups. When the criteria are aggregated into a single total score, the strong between-group differences in two areas are diluted by smaller differences elsewhere, masking the focused effect of the intervention. This finding highlights the importance of analyzing structural drafting competency at the criterion level rather than relying on a single composite score.
3.5 Implementation of the Collaborative AutoCAD File Editing Strategy
The collaborative strategy was implemented through a structured, eight-stage process: (1) pretest assessment, (2) group formation, (3) collaborative planning, (4) task distribution, (5) file sharing and coordination, (6) collaborative drafting, (7) output integration and revision, and (8) posttest assessment. Groups were composed of students with varying levels of drafting skill to promote balanced participation and peer-assisted learning, and each group selected a leader who coordinated progress and ensured active participation. During planning, group members agreed on the floor plan, elevations, roof framing plan, dimensioning conventions, annotation, and layering system before drafting began. Task distribution assigned specific components to individual members, while file sharing and coordination through shared digital storage minimized duplication and inconsistency. Collaborative drafting allowed simultaneous work on different components with continuous interaction, peer feedback, and cooperative editing. Output integration and revision ensured that the unified AutoCAD output met drafting standards before submission. This structured process is consistent with the social constructivist principle that complex technical understanding is built most effectively through guided social interaction (Vygotsky, 1978), with cooperative learning theory (Johnson & Johnson, 2009; Slavin, 2014), and with the cognitive-load rationale for distributing complex tasks across multiple learners (Kirschner et al., 2009; Kirschner et al., 2018). It also mirrors the multi-user CAD collaboration practices documented in tertiary settings, where novice learners gain technical proficiency by working with peers on shared files (Deng et al., 2022).
3.6 Discussion and Instructional Implications
The findings carry several instructional implications for Technical Drafting using AutoCAD. First, the significant gains in dimensional accuracy and layering and lineweight control point to the value of structured peer interaction in skills that benefit from real-time verification: when students share a drawing file, they can check each other's measurements, layer assignments, and lineweights as the drawing is being produced. This is consistent with cooperative learning research showing that structured peer interaction raises performance through immediate feedback and shared cognitive monitoring (Johnson & Johnson, 2009; Slavin, 2014; Johnson & Johnson, 2014), and with collaborative cognitive load theory, which holds that distributing information-processing demands across multiple working memories enables learners to handle complex element-interactive tasks—such as coordinating dimensions across multiple views—that would overload an individual learner (Kirschner et al., 2009; Kirschner et al., 2018; Sweller et al., 2019). The convergence of these findings with both classical and contemporary literature strengthens the inference that the collaborative condition operated through the mechanisms predicted by these theoretical frameworks rather than by incidental group effects.
Second, the smaller and non-significant between-group differences in completeness of layout, annotation and symbols, and drafting standards and neatness suggest that some competencies are less responsive to collaboration. Completeness of layout depends primarily on following explicit instructions; both individual and collaborative learners can perform comparably when the required elements are clearly specified. Drafting standards and neatness depend more on habits of individual precision, attention to detail, and deliberate practice (Ericsson, 2006; Sweller, 1988), and the relatively high posttest variability in the experimental group's drafting standards score (SD = 3.41) supports this interpretation. Annotation and symbols showed a significant within-group gain in the experimental group but not a significant between-group difference, which suggests that collaboration accelerated the development of this competency in the experimental group without producing a level of mastery beyond what the control group also approached.
Third, the convergence of scores in the experimental group—evidenced by the drop in total-score standard deviation from 6.85 to 5.21 and by the zero variability on dimensional accuracy—suggests that collaborative AutoCAD file editing can help equalize performance across students of differing prior ability. This is a desirable outcome in competency-based technical education, where every learner is expected to meet the same minimum standards within a designated instructional period. The pattern is consistent with the broader benefits of collaborative learning catalogued by Laal and Ghodsi (2012), including academic, social, and psychological gains that emerge when learners share responsibility for a common product.
Fourth, the practical alignment of the strategy with industry practice deserves emphasis. Modern construction and architectural-engineering workflows are organized around shared digital models, coordinated revision, and clash detection in building information modeling environments (Sacks, Radosavljevic, & Barak, 2010; Sacks, Koskela, Dave, & Owen, 2010). The collaborative file-editing strategy in this study replicates—at the level appropriate to Grade 10 learners—the same core competencies of file sharing, role coordination, and collective quality control that students will encounter in workplace drafting teams. The strategy therefore functions both as a pedagogical intervention and as an early exposure to authentic professional practice, contributing to workplace readiness in the technical-vocational track.
Taken together, the results support a blended instructional approach in which collaborative AutoCAD file editing is used to develop accuracy- and coordination-driven competencies, while individual drafting tasks are retained to strengthen precision-driven competencies such as drafting standards and neatness. Teachers are advised to define group roles explicitly, ensure equitable task distribution, monitor real-time coordination, and combine collaborative sessions with individual practice. This combination reflects industry practice, where drafting tasks are produced collaboratively but each draft is subject to individual quality review.
3.7 Limitations of the Study
Several limitations should be considered when interpreting the findings. First, the sample size was small (N = 23) and drawn from a single secondary school, which limits the statistical power of the analyses and the generalizability of the results to other schools, regions, or grade levels. Although ANCOVA increases the precision of between-group comparisons in small samples by adjusting for the pretest covariate, replication with larger samples is necessary before broad recommendations can be made.
Second, the design was quasi-experimental rather than fully randomized at the individual student level. Group assignment was made at the intact-class level and randomized only between the two existing sections; although baseline equivalence on pretest scores was statistically supported, residual differences between the sections (for example, teacher-class dynamics, scheduling, or peer composition) cannot be entirely ruled out as alternative explanations for the observed effects.
Third, the posttest condition differed between the two groups by design: the control group completed the posttest individually, whereas the experimental group completed it collaboratively. This decision was made so that the assessment context would mirror each group's instructional condition, but it also means that the posttest measured both the competencies developed and, for the experimental group, the additional benefit of in-session collaboration during the test itself. The criterion-level gains in dimensional accuracy and layering and lineweight control therefore reflect a combined effect of training-plus-collaborative-assessment rather than training alone; this distinction should be clarified in future studies through an individual transfer posttest.
Fourth, the study examined only short-term effects measured immediately after the intervention. Long-term retention of the collaborative gains—particularly whether students who learn through collaborative file editing can later transfer those gains to individual drafting—was not assessed.
Fifth, the rubric, while content-validated by expert reviewers, was not subjected to formal inter-rater reliability analysis (e.g., Cohen's kappa or intraclass correlation), because scoring was conducted by a single trained rater. Future studies should employ multiple independent raters to formally quantify scoring reliability.
3.8 Recommendations for Future Research
Building on the present study, the following directions for future research are recommended:
1. Larger-scale replication. Future studies should replicate this investigation across multiple schools, divisions, and regions, with larger samples (n ≥ 60 per group), so that the criterion-level effects can be estimated with greater precision and tested for generalizability.
1. Matched posttest conditions. To isolate the effect of collaborative instruction from the effect of collaborative testing, future studies should administer an individual posttest to both groups, optionally followed by a second collaborative posttest for the experimental group.
1. Retention and transfer. A delayed posttest administered several weeks after the intervention would address whether the collaborative gains persist over time, and a transfer task involving a different drafting scenario would test whether the gains generalize beyond the specific tasks practiced.
1. Process-level measures. Future work should incorporate measures of group processes (e.g., role distribution, communication quality, contribution equity) and individual cognitive load to test the theoretical mechanisms—shared cognitive load, peer scaffolding, real-time verification—proposed in this study.
1. Comparison of collaboration modes. Comparative studies should examine asynchronous versus synchronous collaboration, paired versus small-group configurations, and cloud-based multi-user CAD platforms versus shared-file workflows, to identify the conditions under which collaborative AutoCAD instruction is most effective.
1. Blended instructional models. Future research should test a deliberately blended model that interleaves collaborative and individual drafting sessions to determine whether such interleaving produces additive gains across all five rubric criteria, particularly in drafting standards and neatness.
4. CONCLUSION
This study examined the effectiveness of collaborative AutoCAD file editing on Grade 10 ICT–Technical Drafting students' learning of structural layout and details. Both groups improved from pretest to posttest, but the experimental group, which engaged in collaborative AutoCAD file editing, demonstrated substantially greater gains, with the total mean rising from 77.00 to 90.67 compared with the control group's increase from 75.64 to 80.73. Within-group analysis showed statistically significant gains in the experimental group for dimensional accuracy, layering and lineweight control, annotation and symbols, and the overall total, whereas the control group showed a significant gain only in layering and lineweight control. Between-group ANCOVA, controlling for pretest performance, confirmed that the experimental group significantly outperformed the control group in dimensional accuracy and layering and lineweight control, with adjusted means of 20.08 vs. 17.00 and 18.65 vs. 15.66, respectively.
Collaborative AutoCAD file editing is therefore an effective instructional strategy for improving accuracy- and coordination-driven competencies in Technical Drafting, while also developing teamwork, communication, and accountability. The strategy supports the integration of structured collaborative activities into Technical Drafting instruction and is consistent with industry practices that rely on shared files and coordinated revision. To strengthen competencies that remain dependent on individual precision—particularly drafting standards and neatness—a balanced combination of collaborative and individual drafting practice is recommended. Subject to the limitations noted above, these findings can inform classroom practice, curriculum design, and future research on collaborative CAD instruction in secondary technical-vocational education.
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