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Abstract

This study aims to describe changes in the mastery of technical drawing learning outcomes on
orthogonal projection material after the application of the drill method assisted by Autodesk
Inventor. The study used classroom action research with two cycles, each of which included
planning, action, observation, and reflection. The subjects of the study were 36 students of
class X TKRO 2 at SMK Negeri 1 Kepanjen in the 2024/2025 academic year. Data were
obtained through tests, observations, and documentation, then analyzed descriptively. In the
pre-cycle, 21 students (58.3%) obtained scores above the Minimum Completion Criteria
(KKM) of 75, while 15 students (41.7%) had not exceeded this limit. In the first cycle, the
number of students who obtained scores above the Minimum Completion Criteria (KKM)
increased from 24 students (66.7%) in the pre-test to 27 students (75.0%) in the post-test. In
the second cycle, the number increased from 30 students (83.3%) in the pre-test to 35 students
(97.2%) in the post-test. The pre-test and post-test each consisted of 20 questions. The results
showed a pattern of descriptive improvement in mastery during the intervention and improved
learning. Because individual scores and inferential tests were not available, the findings do not
indicate statistical significance or an isolated causal effect.

Keywords: Autodesk Inventor; Engineering Drawing, Learning QOutcomes, Drill Method;
Orthogonal Projection.

A. INTRODUCTION

Technical drawing competency is a crucial component of vocational education in the
engineering field because drawings are used to precisely communicate the shape, size,
relationships between components, and design of objects. At the vocational high school (SMK)
level, students need to understand more than just recognizing symbols or memorizing drawing
rules; they need to understand how two-dimensional representations depict three-dimensional
objects. Orthogonal projection requires students to connect front, top, and side views and to
interpret spatial relationships between parts. Difficulty visualizing three-dimensional objects
from two-dimensional drawings can hinder understanding and accuracy of the drawings.

The literature on engineering drawing education positions spatial visualization as a
competency related to technical drawing learning and readiness for engineering, design, and
digital manufacturing. A systematic review of engineering drawing and spatial visualization
skills demonstrates a relationship between engineering drawing learning experiences and
spatial skills, while also emphasizing that research at the secondary education level needs to be
expanded (Ripoll Chacén, 2025). The review of spatial skills in engineering design also
cautions that spatial abilities should not be treated as a substitute for drawing, sketching, and
using computer-aided design tools (Gittinger & Wiesche, 2024). Therefore, instruction should
provide students with opportunities to practice reading and constructing pictorial
representations, rather than simply receiving verbal explanations.
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Initial problems reported in class X TKRO 2 SMK Negeri 1 Kepanjen indicate that
technical drawing learning tends to be teacher-centered, while the media used is limited to the
blackboard and modules. In pre-cycle conditions, 15 of 36 students (41.7%, rounded up to
42%) have not obtained a score above the KKM 75. These data indicate a need to strengthen
the practice process and visual support on orthogonal projection material. This figure is the
initial condition reported in the research source, not the results of a test that identifies a single
causal factor in isolation.

One approach to training procedural skills is the drill method, which involves providing
structured and repeated practice accompanied by guidance, answer checking, and feedback.
Repeated practice has the potential to help students reinforce basic skills, recognize errors, and
improve fluency in completing tasks. A systematic review of retrieval practice shows that
information retrieval activities through drills or tests can support learning across various school
contexts, especially when well-designed (Agarwal et al., 2021). McDermott (2021) also
outlined that retrieval practice can help maintain access to previously learned knowledge.
While retrieval practice is not entirely the same as drawing drills, this literature provides a
conceptual foundation for considering planned practice in learning.

In orthogonal projection material, exercises can be combined with visualization of
three-dimensional objects. Autodesk Inventor was used in this study as a medium to display
3D objects and help students connect the shape of the object with a two-dimensional view. A
literature review of computer-aided design (CAD)-based learning in vocational education
highlighted the potential of 2D/3D visualization to support drawing accuracy and projection
understanding, while emphasizing the need to consider device access, teacher competency, and
instructional design (Telaumbanua & Zalukhu, 2026). A study of the development of an
augmented reality-assisted engineering drawing module positioned visualization as a support
for drawing interpretation at the vocational high school level (Mizian et al., 2025a), while a
review of vocational mechanical engineering education identified opportunities and constraints
for using AR for technical topics (Sabila et al., 2025). These AR media differ from Autodesk
Inventor; their relevance is limited to the same 2D—-3D learning issues.

Research on learning technical drawing and design software has developed a technical
drawing module for vocational students (Arfianti, 2022), a basic AutoCAD 3D drawing module
(Falah & Pramono, 2023), and a manufacturing drawing module for vocational students
(Riyadi & Wibowo, 2023). A study at a vocational high school in Surabaya also examined the
relationship between technical drawing learning outcomes and software applications and
interior design (Lazuadi & Mulyono, 2022). A study on vocational high school students'
technological literacy in CAD material placed technology use competency as part of the
learning context (Saputra et al., 2025). Meanwhile, research on the drill method in technical
drawing has been reported in other vocational high school contexts, including classroom action
research focused on difficulties in reading and creating drawings (Sobah et al., 2017). These
studies provide relevant context, but do not replace the need to report results in the classroom
studied here.

This study employed classroom action research (CAR) with two cycles. In each cycle,
planning, action, observation, and reflection were used to improve the learning process. This
iterative approach allowed subsequent learning decisions to be based on observations and
student achievement in the previous cycle. Guidelines for reporting classroom interventions
emphasize the importance of transparently explaining the context, characteristics of the action,
procedures, and outcomes to enable readers to assess the applicability of the findings (Hill et
al., 2026).

The objectives of this study were (1) to describe the mastery of technical drawing
learning outcomes before the application of the drill method; (2) to describe the mastery after
cycle I; (3) to describe the mastery after cycle II; and (4) to describe changes in mastery from
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pre-cycle to cycle II. The focus of the results was limited to cognitive achievement represented
by the number and percentage of students who exceeded the KKM. This study did not test for
mean differences, did not report effect sizes, and did not isolate the influence of the drill method
from all other factors that could influence learning.

B. LITERATURE REVIEW
1. Structured Drill and Training Methods

The drill method prioritizes practice as the primary activity to help students master
specific steps or skills. In technical drawing, exercises can begin with simple geometric objects
and then progress to more complex ones. Each exercise should be accompanied by a clear
objective, a working example, an opportunity to try, a review of the results, and feedback to
help students correct errors. Without variation and feedback, repetition can become a
mechanical activity that emphasizes only memorization of procedures. Therefore, the
implementation of drills in this study was combined with material explanations, visual
demonstrations, discussion of errors, and reflection to enhance learning.

Evidence from systematic reviews of retrieval practice suggests that practicing recalling
information can benefit classroom learning outcomes, although outcomes are influenced by the
practice design, timing, materials, and form of assessment (Agarwal et al., 2021). McDermott
(2021) explains that retrieval practice can help slow forgetting and support the ability to
retrieve knowledge. This literature is used for general conceptual support; the study itself did
not measure long-term retention.

2. 2D-3D Visualization and CAD Tools

Orthogonal projection represents a three-dimensional object through a two-dimensional
view taken from a specific direction. Students need to understand the relationships between the
projection planes, not simply copy the final image. Digital visualizations can help concretely
demonstrate the object's form, while manual drawing exercises provide opportunities to test
their understanding of the view relationships. The two can be combined so that digital media
serves as a conceptual support rather than a substitute for reading and drawing skills.

Research on AR for learning technical drawing in vocational students shows that 3D
visual media can support drawing comprehension, with outcomes also influenced by students'
spatial abilities (Awuor et al., 2024). Fraile et al. (2021) developed a mobile application for
learning standard mechanical assembly drawings, while Vergara et al. (2021) integrated
technical drawing with industrial radiology through an ICT-based tool. These studies support
the relevance of visual media, but their context, media, and design differ from this study. A
review of CAD for vocational education also emphasized that the benefits of technology
depend on integration with competency objectives, pedagogical support, device access, and
task-relevant assessments (Telaumbanua & Zalukhu, 2026). In this study, Autodesk Inventor
was used as a visual aid; available data do not separate the contribution of software from that
of drill methods.

3. Technical Drawing Learning Outcomes and Competency Completion

Learning outcomes in technical drawing instruction should be understood as outcomes
encompassing knowledge of representation rules, the ability to interpret shapes, and the
accuracy of applying drawing procedures. In orthogonal projection, students are not only
required to recognize the terms front, side, and top views, but also to consistently determine
the relationships between the positions, sizes, and shapes of these views. A single view error
may indicate that students have not established an adequate mental connection between a three-
dimensional object and its two-dimensional representation. Therefore, assessment should refer
to explicit learning objectives and use tasks that truly represent these competencies. Merzdorf
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et al. (2024), through a systematic review of sketch assessment in engineering education,
demonstrated the importance of paying attention to how representation skills are assessed. The
implication for learning in vocational schools is that test results should be interpreted based on
clear indicators, rather than simply based on the impression that a drawing appears correct or
incorrect.

In the context of classroom action research, mastery is a practical indicator for assessing
whether learning is moving toward established targets. The percentage of students exceeding
the mastery threshold provides insight into the extent of learning success at the classroom level,
but it does not reflect the entire distribution of achievement. Two learning stages can have the
same mastery percentage even though their average scores and error patterns differ.
Conversely, changes in mastery percentage can occur when a number of students move slightly
beyond the threshold, without all students experiencing uniform improvement. Therefore,
mastery data need to be read in conjunction with the context of the action, observational notes,
and teacher reflections. In this study, the available data primarily consisted of the number and
percentage of students exceeding the KKM; because individual scores and complete descriptive
statistics were not reported, the discussion is limited to changes in class mastery and is not used
to infer the magnitude of individual score increases.

4. Feedback, Step-By-Step Practice, and Learning Reflection

Repeated practice is more meaningful when students receive information about the
quality of their answers and how to improve them. Feedback can be directed at specific errors,
such as mismatched shapes between views, incorrect viewing direction, inconsistent lines, or
view placement that does not follow learned projection rules. Feedback that simply states a
correct or incorrect answer tends to provide limited information; in contrast, explaining the
location of the error and corrective steps helps students connect the work to proper procedures.
This principle is relevant to the retrieval practice discussed by Agarwal et al. (2021) and
McDermott (2021): opportunities to retrieve knowledge from memory can support learning,
but its benefits depend on how the practice is designed and followed up. Therefore, drill in
technical drawing learning should not simply be about producing more worksheets, but rather
about developing a series of tasks with a purpose, level of difficulty, and a planned correction
mechanism.

The sequence of exercises could begin with simple object recognition and visual field
identification, continue with matching three-dimensional objects to two-dimensional images,
then draw several views based on the provided objects, and conclude with a task that requires
students to complete the representation more independently. This sequencing is a principle of
instructional design that can help teachers observe the types of difficulties that arise at each
stage. If some students still misplace their visual direction, the teacher can return to the
demonstration and provide brief practice on that aspect before increasing the complexity of the
task. If errors are more prevalent in placement or consistency between views, the exercises can
focus on spatial relationships and checking the results. The stepwise approach also provides a
basis for reflection in CAR: teachers not only record whether scores improve but also identify
areas of learning that need improvement in the next cycle. However, because this research
source does not provide detailed logs of individual errors, these examples are positioned as
pedagogical implications, rather than as types of errors that have been shown to be dominant
among the study participants.

5. CAD as a Visual Aid in Projection Learning
Computer-aided design (CAD) software provides a way to display, rotate, and examine
the shape of objects that, in conventional instruction, might only be shown through static
images. In orthogonal projection instruction, the display of three-dimensional models can help
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teachers demonstrate that each view is a representation of a particular viewing direction, rather
than a stand-alone image. CAD tools also allow the same object to be viewed from multiple
directions, allowing students to compare visible and hidden changes in shape. However, visual
access to three-dimensional models does not automatically translate into students' ability to
produce orthogonal drawings independently. Students still need to translate visual information
into lines, proportions, positions, and geometric relationships on a two-dimensional plane. A
systematic review by Koziar et al. (2025) discussed the role of CAD software in teaching
engineering graphics and emphasized that technology needs to be understood as part of the
instructional design, not as an end in itself.

Studies on spatial abilities and virtual environments also highlight the importance of
learning outcomes for students, as they are influenced by the characteristics of the task and the
form of interaction provided by the medium. Gittinger and Wiesche (2024) examined the
relationship between spatial abilities and virtual reality, while Suparman et al. (2024) examined
CABRI 3D-assisted geometry learning and spatial visualization. While neither context is
identical to the use of Autodesk Inventor in vocational high school technical drawing classes,
they provide a basis for viewing visualization as a support for spatial reasoning. Awuor et al.
(2024) examined the use of mobile augmented reality-based 3D stereograms in technical
drawing instruction, while Fraile et al. (2021) developed a learning tool for understanding
standard mechanical assembly drawings. A commonality across these literatures is the need to
connect visual representations to learning activities that require students to interpret or produce
technical representations. Differences in media, participants, and research designs mean these
findings cannot be considered direct evidence of the effectiveness of Autodesk Inventor in
these studies.

In this study, Autodesk Inventor was positioned as a tool to make three-dimensional
shapes easier to observe when the teacher explained orthogonal projection. The learning focus
remained on technical drawing competency, while the software served to clarify the
relationship between models and elevations. This placement is important because the use of
CAD can produce two different orientations: students may be skilled at operating software
features, but not necessarily understand technical drawing principles; or students may
understand projection principles but require media to see spatial relationships more concretely.
To ensure learning objectives remain consistent, software use activities need to be followed by
questions or assignments that require students to explain the reasons for selecting elevations,
check consistency between representations, and produce drawings according to principles.
Luthfansyah et al. (2026) examined digital flipbook media in vocational technical drawing
education, while Hidayat and Widiyanti (2025) discussed project-based learning for cognitive
and psychomotor CAD competencies. This literature demonstrates that learning media and
strategies can be designed in various forms; media choices need to be tailored to competency
achievement, student activities, and the assessment methods used.

6. Research Position and Conceptual Framework of Action

Previous studies referenced indicate several pathways for developing technical drawing
learning, including the use of CAD, augmented reality, modules, digital media, and project-
based approaches. This study takes a more limited focus, namely the application of the drill
method supported by Autodesk Inventor visualization to orthogonal projection material in class
X TKRO 2. This focus combines two components that have different functions: structured
exercises provide opportunities to repeat procedures and receive corrections, while 3D
visualization helps clarify the shape of objects that must be translated into two-dimensional
views. Thus, the conceptual framework does not assume that software alone improves learning
outcomes, but rather that the integration of media with a sequence of exercises and corrective
actions has the potential to support student understanding. Koziar et al. (2025) provide context
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for the use of CAD in teaching technical graphics; Martin Erro and Nuere Menéndez-Pidal
(2024) highlight the development of visual literacy in an engineering graphics course; while
Afriardhy et al. (2025) and Sobah et al. (2017) provide context for the use of the drill method
in engineering education. Because the contexts of these studies differ, this research does not
claim novelty in each component, but in the application of classroom actions that combine
drills and Autodesk Inventor visual support in the learning contexts studied.

Operationally, the learning process can be understood through the relationship between
demonstration, practice, feedback, and reflection. Demonstration provides an initial model of
how objects are observed and projected; practice requires students to apply procedures;
feedback helps them identify discrepancies between work results and criteria; and reflection is
used by teachers to determine adjustments for the next cycle. This relationship is consistent
with the nature of CAR, which utilizes observations to gradually improve actions. The outcome
indicators in this study were the number and percentage of students achieving scores above the
KKM (Minimum Completion Criteria) of 75 at each stage. These indicators are sufficient to
illustrate the development of class mastery as reported, but inadequate to test the mechanisms
of change, isolate the influence of Autodesk Inventor, or compare the effectiveness of drills
with other methods. This limitation provides an important basis for interpreting the results and
formulating recommendations for further research.

7. Digital Media Design and Suitability to Competencies

Digital media in vocational learning should be selected based on a clear instructional
function. Visually appealing media may not necessarily help students achieve competency if
they simply observe without interpreting or producing. Conversely, simple media can be
beneficial when used to direct attention to concepts that are difficult to observe directly. In
technical drawing, the primary function of visualization is to help students connect the shape
of an object, the direction of observation, and the graphical representation. Therefore, the use
of Autodesk Inventor needs to be placed within a sequence of activities that move students
from observing the model to reasoning and creating the drawing. Literature on developing
technical drawing modules for vocational students, including Arfianti (2022) and Riyadi and
Wibowo (2023), demonstrates the importance of structured teaching materials to support
learning drawing competencies. Falah and Pramono (2023) also developed a module on basic
3D AutoCAD drawing. These works provide context for the need for technology-assisted
learning to be supported by easy-to-follow materials and procedures, not just access to
software.

The alignment between media and competency also concerns student access and
readiness. CAD software can require computing devices, time to familiarize themselves with
the interface, and adequate user guidance. If too much learning time is spent understanding
application menus or features, students' attention can be diverted from the purpose of reading
and drawing projections. Therefore, teachers need to limit the features used to suit the needs of
the material and provide focused demonstrations. Research on vocational students'
technological literacy in CAD learning by Saputra et al. (2025) provides context for the
importance of paying attention to students' technological readiness. In classroom practice,
teachers can prepare the models to be displayed, ensure the necessary viewpoints are available,
and provide brief instructions on which parts of the object to observe. This step does not replace
drawing practice, but rather reduces the burden of device use so that students' attention is more
focused on the concept of projection.

Augmented reality-based media, three-dimensional models, and digital applications
also differ in the level of interaction they offer. Some media simply present visual
representations, while others allow users to change perspectives or manipulate objects.
Gittinger and Wiesche (2024) emphasized the relevance of interaction when reviewing spatial
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skills and virtual reality, while Sabila et al. (2025) reviewed augmented reality in vocational
mechanical engineering education. This literature does not imply that one technology is always
superior to another; its pedagogical value depends on the objectives, task design, and
participant characteristics. For orthogonal projection materials, the ability to observe objects
from different angles can be a relevant support, but students still need to demonstrate their
understanding through self-constructed drawings. Thus, technology is positioned as a support
for understanding objects, not as a substitute for targeted cognitive processes.

8. Considerations in Reading Previous Research Evidence

Comparisons with previous research should consider differences in design, subject
matter, materials, and outcome indicators. Studies using augmented reality, virtual reality,
CAD, modules, or project-based learning can provide a basis for explaining why visual
representations and structured activities are relevant for engineering learning. However, results
from one medium cannot be directly transferred to another, nor can findings from engineering
students or geometry materials be considered identical to orthogonal projection learning in
vocational high schools. Martin Erro and Nuere Menéndez-Pidal (2024) position visual literacy
as part of engineering graphics learning, while Merzdorf et al. (2024) point out that the
assessment of engineering sketches is a field with diverse approaches. These two aspects
remind us that learning and outcome measurement need to be considered simultaneously:
students need to gain experience interpreting representations, while assessment instruments
need to capture the skills being taught.

In classroom action research, the strength of evidence comes primarily from
documenting changes in instructional practices and outcomes observed in a specific classroom
context. An increase in completion rates after an action can justify maintaining or refining an
instructional strategy, but it does not, in itself, prove a causal relationship in isolation. Without
a comparison group, individual scores, and controls for other factors, change could be
attributed to several concurrent elements, such as teacher explanations, repeated practice, use
of visualizations, test-taking experiences, or adjustments to subsequent cycles. Therefore, this
study uses descriptive language and positions the results as contextual evidence for
instructional improvement. Future research could add a visual analytic rubric, error type
analysis, instrument reliability testing, and a comparison design to more robustly assess the
contribution of each component. These considerations ensure practical recommendations
remain useful without overpowering the reported data.

C. METHOD

This study employed a classroom action research (CAR) design implemented in two
cycles. Each cycle included planning, action, observation, and reflection. The goal of this
design was to improve classroom learning practices through iterative action and adjustment,
rather than estimating causal effects with a control group. The CAR framework was used to
identify learning needs, implement a drill method assisted by Autodesk Inventor, observe the
learning process, and then use the reflection results to refine the next cycle.

The research was conducted at SMK Negeri 1 Kepanjen in the 2024/2025 academic
year. The research subjects were 36 students of class X TKRO 2. The class identity was written
consistently as X TKRO 2 following the dominant mention in the presentation of results and
learning tools in the sources.

The learning activities focused on orthogonal projection material. The learning
implementation plan included a time allocation of 2 x 50 minutes, the use of laptops, mobile
phones, LCD/projectors, learning videos, Autodesk Inventor, internet access, and Google
Forms. In cycle I, the teacher conveyed the objectives, introduced the concept of orthogonal
projection, displayed visuals of three-dimensional objects through Autodesk Inventor, used
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videos/tutorials, provided exercises, and discussed any errors that arose. Two colleagues acted
as observers. Reflections on cycle I were used to adjust the plan and instruments in cycle II,
then the corrected actions were followed by observation and evaluation.

Data were collected through tests, observations, and documentation. The tests were
used to describe students' cognitive understanding of orthogonal projection. The source states
that the pre-test and post-test each consisted of 20 questions. The similarity in the number of
questions does not necessarily indicate that the two tests have equivalent difficulty levels or
psychometric characteristics. The source does not provide complete specifications of the grid,
equivalence of the test format, rubric, or validity and reliability coefficients. Observations were
conducted during the lesson to record the implementation of the drill stages and student
responses. Documentation includes photos of activities, lesson plans, and a summary of grades.
The instrument was reportedly reviewed by a content expert, but validation results were not
reported.

Data analysis was conducted using quantitative descriptive analysis. Test data were
summarized as the frequency of students scoring above the minimum completeness criterion
(KKM) of 75 and the frequency of students scoring <75 at each stage. Frequencies were
converted to percentages by dividing the number of students in the corresponding category by
the number of subjects (N = 36), then multiplying by 100%. Changes between stages are
presented as percentage differences (percentage points), not as relative percentage increases.
Because individual scores, means, standard deviations, and inferential test results were not
available in verifiable sources, the article did not recalculate statistical significance, gain
scores, or effect sizes. Thus, the analysis shows descriptive changes in class completion and
does not isolate the causal influence of the drill method from other learning components.

Table 1. Data Analysis Formulas and Procedures
Indicator Formula Information
Percentage of categories | P =(f/N) x 100% | P = percentage of category; f = number of
students in category; N = total number of

students (36).
Percentage  difference | AP =P.—P: AP = change in percentage points; P> =
between stages percentage in the subsequent stage; P =
percentage in the previous stage.
Frequency difference Af=£—-fi Af = change in the number of students who

obtained a score >75; f> and fi are the
frequencies at the two stages being
compared.

Example calculation: in the post-test cycle II, 35 out of 36 students obtained a score
>75. The percentage is (35/36) x 100% = 97.2%. Compared to the post-test cycle I (27/36 =
75.0%), the change in completeness is 97.2 — 75.0 = 22.2 percentage points, or an increase of
8 students. This calculation uses the frequency reported by the source and not individual
score data.

D. RESULTS AND DISCUSSION
1. Pre-Cycle Completion Results

In the pre-cycle conditions, technical drawing learning was reported to still tend to be
teacher-centered and use limited media. Of the 36 students, 21 students (58.3%) exceeded the
KKM of 75, while 15 students (41.7%) did not. This condition became the basis for
implementing the action. The pre-cycle data only provided the number of students in two
completion categories; individual scores and value distributions were not presented, so the
variation in achievement within each category could not be explained.
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Results of cycle I

In the pre-test of cycle I, 24 students (66.7%) exceeded the KKM and 12 students
(33.3%) did not exceed the KKM. After the learning action using the drill method with the help
of Autodesk Inventor visuals, the post-test results showed that 27 students (75.0%) exceeded
the KKM and 9 students (25.0%) did not exceed the KKM. Thus, the number of students who
exceeded the KKM increased by three people, equivalent to an increase of 8.3 percentage
points between the pre-test and post-test of cycle I. This change is a descriptive picture at the
class level and not the result of a significance test.

Results of cycle II

In the cycle II pre-test, 30 students (83.3%) exceeded the Minimum Competency
(KKM) and 6 students (16.7%) did not. After adjusting the learning cycle II based on the
reflection of cycle I, the post-test results showed that 35 students (97.2%) exceeded the
Minimum Competency (KKM) and one student (2.8%) did not. The number of students
exceeding the Minimum Competency (KKM) increased by five people, or 13.9 percentage
points, between the cycle II pre-test and post-test. This final achievement exceeds the class
success indicator of 75% mentioned in the source.

Table 2. Completion of technical drawing learning outcomes at each stage

Measurement | Value > KKM | Value< KKM | Value > KKM | Value < KKM
stage (n) (n) (%) (%)
Pre-cycle 21 15 58.3 41.7
Pre-test cycle | 24 12 66.7 33.3
Post-test cycle | 27 9 75.0 25.0
Pre-test cycle 11 30 6 83.3 16.7
Post-test cycle 11 35 1 97.2 2.8

Note: n = 36; KKM = 75. Percentages are rounded to one decimal place.
Persentase siswa yang memperoleh nilai di atas KKM

100 A 97,2%

801

60

40 4

Siswa dengan nilai > KKM (%)

20 A

Pravs‘\\‘\"‘5

\?ve"est '

?cs"‘est ' pre e " post e A

Figure 1. Percentage of students who exceeded the KKM at each stage

Figure 1 reproduces the reported completion rates, not the reconstructed individual
scores. The pre-test phase of cycle II represents a subsequent measurement of cycle I, so the
patterns between phases reflect the development of classroom processes. Without additional
information about instrument equivalence, these phases should not be treated as fully
equivalent measurements for estimating statistical effects.

A systematic review of engineering graphics learning indicates that CAD and BIM tools
can enhance visualization, analysis, and revision processes, but the learning impact remains
dependent on how the technology is integrated into the curriculum and student activities
(Koziar et al., 2025). This finding is relevant to the use of Autodesk Inventor in this study: the
software helps visualize three-dimensional objects, but it does not replace the need for students
to actively read, draw, and examine orthogonal views. Because the study design did not
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separate the action components, the results cannot be attributed solely to the software or solely
to the drill.

The relationship between spatial visualization and technical drawing learning also
needs to be interpreted with caution. Ripoll Chacén's (2025) systematic review found a
reciprocal relationship between technical drawing experience and spatial visualization skills,
but highlighted the limited research specifically in secondary education. Studies on spatial
skills in engineering design also caution that spatial abilities should not replace mastery of
practical skills such as sketching and using CAD (Gittinger & Wiesche, 2024). Therefore, the
use of 3D models in this learning is best viewed as a support for understanding representations,
not as evidence that students' spatial abilities are improving—this variable was not directly
measured.

Research on the development of visual literacy through engineering graphics courses
indicates that curricula generally emphasize graphic representation and technical
communication, while the cognitive aspects of visualization may receive less attention (Martin
Erro & Nuere Menéndez-Pidal, 2024). The implication for vocational high school contexts is
the need to link object demonstrations with questions that require students to explain the
rationale for their chosen appearance, identify relationships between planes, and generate their
own drawings. This study reports the use of demonstrations and exercises, but does not provide
a detailed rubric to measure these visual reasoning processes.

Engineering drawing assessment needs to have clear criteria. A systematic review by
Merzdorf et al. (2024) found significant variation in the assessment of engineering sketches
and identified accuracy, perspective, line quality, annotation, and aesthetics as frequently used
criteria. Studies on Al-assisted engineering drawing analysis also emphasize the importance of
rubrics and consistency of assessment when drawings are assessed against technical standards
(Munguia, 2026). Although this study used cognitive tests rather than product drawing
assessments, the literature reinforces the need to report grids, definitions of completeness, and
evidence of instrument quality in more detail in future research.

More comparable evidence for vocational education comes from studies of digital
media and project-based approaches in learning engineering drawing/CAD. Luthfansyah et al.
(2026) reported improved scores in digital flipbook-assisted engineering drawing learning,
while Hidayat and Widiyanti (2025) examined cognitive and psychomotor competencies in
project-based CAD learning. Afriardhy et al. (2025) also reported higher learning outcomes in
groups using the drill method in basic vocational program subjects. These three studies differed
in design, participants, materials, and treatment; therefore, their results provide context
supporting the relevance of developing drill strategies and media, rather than direct numerical
comparisons for this CAR.

Regular practice and testing can serve as opportunities for students to revisit learned
knowledge. Agarwal et al.'s (2021) systematic review indicates that retrieval practice is often
beneficial in school contexts, and studies of retrieval practice also support the importance of
repeated opportunities to revisit knowledge. However, tests were used in this study to measure
achievement at each stage, and the sources did not specify the time intervals, item equivalence,
or retrieval practice settings. Therefore, this literature supports the general rationale for using
repeated practice and assessment, but does not demonstrate that retrieval practice mechanisms
specifically cause the observed improvements in mastery.

A study of CABRI-assisted 3D geometry visualization also found that the impact of
3D-assisted learning on spatial visualization needs to be interpreted based on the characteristics
of the intervention and the study context (Suparman et al., 2024). Furthermore, a review of
CAD in vocational education by Telaumbanua and Zalukhu (2026) emphasized that drawing
accuracy and projection understanding can be supported by 2D/3D visualization, provided
there is adequate instructional design, teacher competence, and technology access.
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Collectively, these sources support the feasibility of using visual media as part of technical
drawing instruction, but do not eliminate the limitations of inferences from single-class action
research.

The main finding of the study was a descriptive increase in the number of students
exceeding the Minimum Competency (KKM) during the two cycles of action. Completion was
recorded at 58.3% in the pre-cycle, 75.0% in the post-test of cycle I, and 97.2% in the post-test
of cycle II. In each cycle, the proportion of students exceeding the KKM also increased from
pre-test to post-test: 66.7% to 75.0% in cycle I and 83.3% to 97.2% in cycle II. This pattern is
consistent with the practical goal of CAR, which is to monitor changes in class achievement
while making adjustments to learning practices.

Pedagogically, the drill method can provide space for repeated practice in skills that
require procedural precision. In orthogonal projection, students need to establish relationships
between front, top, and side views and identify how 3D shapes are represented on a 2D plane.
Step-by-step practice, discussion of errors, and opportunities for retry can help teachers identify
concepts that students may not yet grasp. Studies on retrieval practice support the use of
knowledge retrieval drills in learning, although the cognitive drills examined in the literature
are not identical to technical drawing drills (Agarwal et al., 2021; McDermott, 2021). The
results of this study therefore provide contextual support for planned practice, not verification
of specific cognitive mechanisms.

Autodesk Inventor's role in this activity is primarily as a visual aid. Displaying three-
dimensional objects allows teachers to associate the object's shape with a two-dimensional
projection before students practice creating or interpreting drawings. Recent literature on CAD
for vocational education suggests that 2D/3D visualization can aid technical drawing learning,
but its benefits depend on integration with competency objectives and teaching strategies
(Telaumbanua & Zalukhu, 2026). Research on the development of an augmented reality-
assisted technical drawing module also positions object visualization as a support for drawing
interpretation at the vocational high school level (Mizian et al., 2025a). However, the medium
used here is Autodesk Inventor, not AR; the study serves only as a conceptual comparison, not
direct evidence that the two media are equivalent.

Research on CAD module development for vocational students also highlights the
importance of providing instructional materials that support engineering drawing
competencies. Arfianti (2022) developed an engineering drawing module for construction
program students, Falah and Pramono (2023) developed a basic 3D AutoCAD drawing module,
and Riyadi and Wibowo (2023) developed a manufacturing drawing module for vocational
students. These studies focused on the development and feasibility of instructional materials,
while this study focuses on changes in mastery through CAR. The similarity of topics suggests
the relevance of visual support and exercises to engineering drawing competencies, but the
research designs and outcomes differ, making the results indirect comparisons.

Research on the drill method in technical drawing in other schools provides context that
structured exercises have been used to address students' difficulties reading and drawing
(Sobah et al., 2017). However, similar patterns do not prove that the drill method always
produces the same impact in all classes. Differences in student characteristics, materials,
number of exercises, duration of activities, media, and assessment criteria can influence the
results. Because this study involved only one class, the findings are more appropriately viewed
as evidence of local practices that can inform teacher reflection, rather than estimates of effects
that can be generalized to all vocational schools.

Improvements in cycle II were made following reflections on cycle I, and the
percentage of completion in the post-test of cycle II was higher than in cycle 1. In CAR, this
pattern may reflect the benefits of learning adjustments, but several components changed
sequentially: students received additional learning, practiced more, took follow-up tests, and
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studied with an improved lesson plan. Without a comparison group and individual data, the
separate contributions of drills, Autodesk Inventor visualization, additional study time, test-
taking experience, and learning adjustments cannot be determined. Guidelines for reporting
classroom interventions emphasize the importance of describing the action components and
context in detail so that interpretation of results does not go beyond the research design (Hill
et al., 2026).

Changes in completion rates are not the same as changes in mean scores. Students can
move beyond the KKM threshold without knowing the extent of the score change, and two
classes with the same percentage of completion rates can have different score distributions.
Because individual and mean data are not available in the auditable summary, this study can
only state the increase in the number of students exceeding the KKM. The word "significant"
in some source descriptions is not retained as a statistical term, as no inferential tests, p-values,
confidence intervals, or effect sizes are reported. The correct interpretation is that completion
rates increased descriptively over the two cycles.

Practically, teachers can start with simple geometric shapes, present 3D visuals, ask
students to identify orthogonal views, and then provide independent practice and specific
feedback. Afterward, students can be asked to redraw the figures manually to check whether
they understand the spatial relationships, rather than simply following the software's display.
This strategy is consistent with the idea that digital tools should be integrated with directed
learning activities and competency assessments, rather than simply used as presentations.
However, the effectiveness of each sequence of activities has not been tested separately in this
study.

E. CONCLUSION

Classroom action research on 36 students of class X TKRO 2 SMK Negeri 1 Kepanjen
showed an increase in descriptive completeness of technical drawing learning outcomes on
orthogonal projection material during two cycles of implementing the Autodesk Inventor-
assisted drill method. In the pre-cycle, 21 students (58.3%) obtained scores above the KKM of
75. In cycle I, the number of students who obtained scores above the KKM increased from 24
students (66.7%) in the pre-test to 27 students (75.0%) in the post-test. In cycle II, the number
increased from 30 students (83.3%) in the pre-test to 35 students (97.2%) in the post-test.

The findings indicate that class completion rates increased following the actions and
instructional improvements in the subsequent cycle. The final results of cycle II exceeded the
75% completion indicator used in the source. However, because the available analysis is
descriptive, this study does not prove statistical significance or isolate the causal effects of the
drill method from visual supports, additional practice, testing experience, and instructional
adjustments. Conclusions are limited to the classes, materials, and data reported.

Practically, drills incorporating Autodesk Inventor visualizations, step-by-step
exercises, error discussions, and reflection can be considered as orthogonal projection learning
strategies. Applications to other classes should be accompanied by contextual adjustments and
evaluation. Future research should present more comprehensive individual score data,
instrument details, evidence of validity and reliability, and ethical procedures.

REFERENCES

Afriardhy, M. A., Wulansari, R. E., Mulianti, & Sari, D. Y. (2025). The Effectiveness of the
Drill Method in Improving the Learning Outcomes of Grade X Machining Engineering
Students in Basic Subjects of the Vocational Program at State Vocational High School
5 Padang. Al-Alam: Islamic Natural Science Education Journal, 5(1), 47-59.
https://doi.org/10.33477/al-alam.v511.14064

AKSELERASI: Jurnal llmiah Nasional Vol. 8 No. 2 Tahun 2026 337


https://doi.org/10.33477/al-alam.v5i1.14064

ARTIKEL

Agarwal, P. K., Nunes, L. D., & Blunt, J. R. (2021). Retrieval Practice Consistently Benefits
Student Learning: A Systematic Review of Applied Research in Schools and
Classrooms. Educational Psychology Review, 33, 1409-1453.
https://doi.org/10.1007/s10648-021-09595-9

Arfianti, L. (2022). Development of an Engineering Drawing Learning Module for Vocational
Students at the Property Construction Business Expertise Program. Jurnal Pensil:
Pendidikan Teknik Sipil, 11(1), 65-77. https://doi.org/10.21009/jpensil.v11i1.18950

Awuor, N. O., Weng, C., Matere, I. M., Chen, J.-H., Puspitasari, D., & Tran, K. N. P. (2024).
The Effect of 3D-Stereogram Mobile AR on Engineering Drawing Course Outcomes
Among First-Year Vocational High Schoolers with Different Spatial Abilities: A
Bloom's Taxonomy Perspective. Interactive Learning Environments, 32(6), 2725—
2743. https://doi.org/10.1080/10494820.2022.2158477

The Effect of Muffler Design on Reducing the Noise Pollution of a Small Two-Stroke Engine.
(2024). Results in Engineering, 23, Article 102814.
https://doi.org/10.1016/].rineng.2024.102814

Falah, A. N. E., & Pramono, A. (2023). Development of Learning Modules on the Basic
Materials of AutoCAD 3D Drawing for Class XII TPM at SMKN 1 Driyorejo. Journal
of Mechanical Engineering Education, 23(1).
https://doi.org/10.15294/jptm.v23i1.47569

Fraile, F. J., Martinez-Garcia, R., & Castejon Limas, M. (2021). Constructionist Learning Tool
for Acquiring Skills in Understanding Standardized Engineering Drawings of
Mechanical Assemblies in Mobile Devices. Sustainability, 13(6), Article 3305.
https://doi.org/10.3390/su13063305

Gittinger, M., & Wiesche, D. (2024). Systematic Review of Spatial Abilities and Virtual
Reality: The Role of Interaction. Journal of Engineering Education, 113(4), 919-938.
https://doi.org/10.1002/jee.20568

Hidayat, H. R., & Widiyanti. (2025). Effect of Project-Based Learning on Vocational High
School Students' Cognitive and Psychomotor Competencies in CAD. Ideguru: Journal
of Teacher Scientific Work, 10(3). https://doi.org/10.51169/ideguru.v10i3.2163

Hill, H. C., Lynch, K., & Polanin, J. R. (2026). Structured Reporting Guidelines for Classroom
Intervention Research. Journal of Research on Educational Effectiveness, 19(1), 226—
271. https://doi.org/10.1080/19345747.2025.2470322

Koziar, M., Hubal, H., Burchak, 1., Botviniev, M., & Saveliev, D. (2025). The Impact of CAD
Software on the Teaching of Engineering Graphics: A Systematic Review. Periodicals
of Engineering and Natural Sciences, 13(1), 17-39.
https://doi.org/10.21533/pen.v13.11.278

Lazuadi, M. A., & Mulyono, W. D. (2022). The Relationship of Student Learning Achievement
in Engineering Drawings with Software Applications and Building Interior Design at
Modeling and Building Information Design Study Program in SMK Negeri 3 Surabaya.
EHDJ: Engineering and Higher Education Development Journal, 7(3).
https://doi.org/10.33086/ehdj.v7i03.2877

Luthfansyah, Sudjimat, D. A., & Pradani, Y. F. (2026). The Effectiveness of Digital Flipbook
Media in Vocational Engineering Drawing Education. Journal of Information
Technology and Education, 19(2). https://doi.org/10.24036/jtip.v19i2.1116

Martin Erro, A., & Nuere Menéndez-Pidal, S. (2024). How Visual Literacy Is Developed
Through Engineering Graphics Subjects. Journal of Visual Literacy, 43(1), 29-45.
https://doi.org/10.1080/1051144X.2024.2315835

McDermott, K. B. (2021). Practicing Retrieval Facilitates Learning. Annual Review of
Psychology, 72, 609—633. https://doi.org/10.1146/annurev-psych-010419-051019

AKSELERASI: Jurnal llmiah Nasional Vol. 8 No. 2 Tahun 2026 338


https://doi.org/10.1007/s10648-021-09595-9
https://doi.org/10.21009/jpensil.v11i1.18950
https://doi.org/10.1080/10494820.2022.2158477
https://doi.org/10.1016/j.rineng.2024.102814
https://doi.org/10.15294/jptm.v23i1.47569
https://doi.org/10.3390/su13063305
https://doi.org/10.1002/jee.20568
https://doi.org/10.51169/ideguru.v10i3.2163
https://doi.org/10.1080/19345747.2025.2470322
https://doi.org/10.21533/pen.v13.i1.278
https://doi.org/10.33086/ehdj.v7i03.2877
https://doi.org/10.24036/jtip.v19i2.1116
https://doi.org/10.1080/1051144X.2024.2315835
https://doi.org/10.1146/annurev-psych-010419-051019

ARTIKEL

Merzdorf, H. E., Jaison, D., Weaver, M. B., Linsey, J., Hammond, T., & Douglas, K. A. (2024).
Sketching Assessment in Engineering Education: A Systematic Literature Review.
Journal of Engineering Education, 113(4), 872—893. https://doi.org/10.1002/jee.20560

Mizian, Z., Sofyan, S., & Saharrudin. (2025a). Development of a Learning Module to Interpret
Engineering Drawings Using Augmented Reality (AR) for Vocational High School
Students. Al-Ishlah: Journal of Education, 17(2).
https://doi.org/10.35445/alishlah.v17i2.7217

Mizian, Z., Sofyan, S., & Saharudin. (2025b). Evaluating Augmented Reality Modules to
Enhance Technical Drawing Skills in Indonesian Vocational High Schools. Al-Ishlah:
Jurnal Pendidikan, 17(3). https://doi.org/10.35445/alishlah.v17i3.7663

Munguia, J. (2026). Leveraging Al for 2D Technical Drawing Analysis, Feedback and
Assessment in Higher Education. International Journal of Mechanical Engineering
Education. Advance online publication. https://doi.org/10.1177/03064190251414394

Ripoll Chacon, O. (2025). Influence of Technical Drawing on the Development of Spatial
Visualization Ability: A Systematic Literature Review. UTE Teaching & Technology
(University of Tarraconensis), 2, Article €3930. https://doi.org/10.17345/ute.2025.3930

Riyadi, A., & Wibowo, H. (2023). The Development of the Course Module of Manufacturing
Engineering Drawing for Vocational Students. Journal of Vocational Dynamics of
Mechanical Engineering, 8(2). https://doi.org/10.2183 1/dinamika.v8i2.66820

Sabila, A., Refdinal, Waskito, Effendi, H., & Alawyah, K. (2025). Augmented Reality in
Vocational Mechanical Engineering Education: A Systematic Literature Review. JPPI
(Jurnal Penelitian Pendidikan Indonesia), 11(3), 413-424.
https://doi.org/10.29210/020256446

Saputra, N. A., Hamidah, 1., Setiawan, A., Riza, L. S., Rachman, 1., & Matsumoto, T. (2025).
Technology Literacy of Vocational Students in CAD Learning Materials: A Study at
Private and Public Mechanical Engineering Vocational Schools. Journal of Technical
Education and Training, 17(2).

Sobah, C. H. S. N., Suherman, A., & Wiharna, O. (2017). Application of the Drill Learning
Method to Overcome Students' Learning Difficulties in Technical Drawing Subjects.
Journal of Mechanical Engineering Education, 4.

Suparman, Marasabessy, R., & Helsa, Y. (2024). Enhancing Spatial Visualization in CABRI
3D-Assisted Geometry Learning: A Systematic Review and Meta-Analysis.
International Journal of Information and Educational Technology, 14(2), 248-259.
https://doi.org/10.18178/ijiet.2024.14.2.2046

Telaumbanua, A., & Zalukhu, R. R. (2026). The Role of CAD-Based Learning in Mastering
Technical Drawing Competencies in Vocational Education: A Literature Review
(2021-2025). Journal of Community Service and Educational Research, 4(3).
https://doi.org/10.31004/jerkin.v4i3.5510

Vergara, D., Rubio, M. P., Extremera, J., & Lorenzo, M. (2021). Interdisciplinary Learning
Methodology for Supporting the Teaching of Industrial Radiology Through Technical
Drawing. Applied Sciences, 11(12), Article 5634. https://doi.org/10.3390/app11125634

AKSELERASI: Jurnal llmiah Nasional Vol. 8 No. 2 Tahun 2026 339


https://doi.org/10.1002/jee.20560
https://doi.org/10.35445/alishlah.v17i2.7217
https://doi.org/10.35445/alishlah.v17i3.7663
https://doi.org/10.1177/03064190251414394
https://doi.org/10.17345/ute.2025.3930
https://doi.org/10.21831/dinamika.v8i2.66820
https://doi.org/10.29210/020256446
https://doi.org/10.18178/ijiet.2024.14.2.2046
https://doi.org/10.31004/jerkin.v4i3.5510
https://doi.org/10.3390/app11125634

