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INTRODUCTION

Background and Context: Engineering graphics, as a
foundational course in the preparation of future engineering
educators, provides essential competencies in technical
visualization, spatial reasoning, and graphical communication
[1]. Pedagogical universities play a crucial role in developing
future teachers who will instruct engineering graphics,
descriptive geometry, and technical drawing in secondary
schools and vocational institutions. The quality of engineering
graphics education at pedagogical universities directly impacts
the pedagogical readiness and professional competencies of
prospective engineering teachers.

The rapid advancement of digital technologies and artificial
intelligence has fundamentally transformed engineering
practice and technical education [2]. Modern engineering
workflows increasingly rely on sophisticated CAD systems,

intelligence,
visualization, evolution, integration, conceptual, context, construction.

This study examines the integration of artificial intelligence and modern digital
technologies into engineering graphics education at pedagogical universities. The
research evaluates the effectiveness of AI-enhanced learning environments in
developing spatial visualization skills, technical competencies, and pedagogical
readiness among pre-service teachers. Through a comprehensive mixed-methods
analysis, the study demonstrates that thoughtful integration of intelligent tutoring
systems, generative Al platforms, virtual reality applications, and advanced CAD tools
significantly improves student learning outcomes compared to traditional instruction.

competency, cognitive, manipulation, synchronous,

Building Information Modeling (BIM), parametric design, and
AI-powered engineering tools. This technological evolution
creates both opportunities and challenges for pedagogical
universities: how to effectively integrate these technologies
into engineering graphics education while preserving the
development of foundational spatial reasoning skills [3].

Al technologies present unprecedented opportunities to
enhance engineering graphics education. Intelligent tutoring
systems can provide personalized feedback and adaptive
learning pathways [4]. Generative Al tools such as ChatGPT
and DALL-E
understanding and creative problem-solving [5]. Automated

introduce new approaches to conceptual

assessment systems can evaluate technical drawings with
precision and consistency [6]. Al-powered virtual and
augmented reality applications create immersive spatial
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learning experiences [7]. Machine learning algorithms can
analyze student performance patterns and predict learning
difficulties [8].

However, pedagogical universities face unique challenges in
adopting these technologies. Faculty members often lack
adequate preparation in Al tools and digital pedagogy [9].
Infrastructure limitations restrict access to advanced software
and hardware [10].
assessment methods resist technological integration [11].

Curricular inertia and traditional
Furthermore, tension exists between developing fundamental
hand-drawing skills and embracing digital tools—particularly
relevant for future teachers who must understand both
These
research-based approaches that

traditional and contemporary approaches [12].
challenges necessitate

balance innovation with pedagogical effectiveness.

Problem Statement: Despite the acknowledged significance
of digital technologies and Al in engineering education, limited
empirical research examines their integration into engineering
graphics courses at pedagogical universities. Existing studies
focus primarily on engineering programs at technical
universities, leaving a knowledge gap regarding pedagogical
contexts where future teachers require both technical
proficiency and pedagogical competency. Several critical
questions remain unanswered: What constitutes an optimal
model for integrating AI and digital technologies into
engineering graphics pedagogy? How do these technologies
affect spatial visualization development compared to
What
engineering teachers need to effectively employ Al tools in

traditional methods? competencies do future
their future teaching practice? How can pedagogical
universities overcome infrastructure and faculty capacity

constraints?

Furthermore, the rapid evolution of Al technologies outpaces
curriculum development, creating a misalignment between
education and contemporary engineering practice. Future
teachers may graduate without meaningful exposure to the
tools necessary for effective teaching in digital learning
environments. This gap poses a threat to the quality of future
engineering graphics education in schools and vocational
institutions, perpetuating outdated pedagogical approaches
and limiting students’ preparation for modern engineering
careers.

Research Objectives: This study investigates the
integration of digital technologies and artificial intelligence in

engineering graphics education at pedagogical universities

through the following specific objectives. First, to develop and
implement an integrated system combining traditional
engineering graphics pedagogy with Al-enhanced digital tools.
Second, to empirically evaluate the effectiveness of AI-
integrated instruction compared to traditional methods in
developing spatial visualization skills, technical drawing
proficiency, and digital competency. Third, to identify pre-
service teachers’ attitudes, experiences, and readiness to use
Al tools in their future teaching practice. Fourth, to identify
factors that facilitate and hinder successful technology
integration in pedagogical university contexts. Fifth, to explore
faculty perspectives on Al integration and identify professional
Sixth,
recommendations for curriculum modernization, pedagogical

development needs. to provide evidence-based

approaches, and institutional support systems.

Significance of the Study: This study holds significance for

multiple stakeholders in engineering education. For
pedagogical universities, it provides evidence-based guidance
for curriculum modernization and technology integration
strategies. For future engineering teachers, it demonstrates
how AI tools can enhance their learning experience and
professional preparation. For faculty members, it offers
pedagogical frameworks and practical approaches for
incorporating Al into teaching practice. For policymakers and
administrators, it informs resource allocation decisions and
faculty development priorities. Beyond its direct practical
applications,
understanding of AI-enhanced learning in spatial and technical
of pedagogical

preparation and technological competency, and establishing

the study contributes to the theoretical

domains, examining the intersection

frameworks for evaluating Al integration in education.
LITERATURE REVIEW

Theoretical Foundations of Spatial Learning: Spatial
visualization ability—the capacity to mentally manipulate,
rotate, and transform visual representations—is a critical
cognitive skill for engineers and engineering teachers [13].
Research consistently demonstrates strong correlations
between spatial abilities and success in engineering
disciplines, with spatial skills serving as significant predictors
of academic achievement and professional competency [14].
Engineering graphics education has traditionally served as the
primary mechanism for developing these abilities through
systematic practice with geometric constructions, projection

methods, and technical drawing conventions.

https://eipublication.com/index.php/eijp

16


https://eipublication.com/index.php/eijp

European International Journal of Pedagogics (ISSN: 2751-000X)

Cognitive theories of spatial learning suggest that both mental

visualization and external representation manipulation
contribute to the development of spatial skills [15]. This
hybrid

approaches that combine traditional hand-drawing practice

theoretical foundation  supports pedagogical
with digital tools. However, the specific mechanisms by which
Al-enhanced digital tools affect spatial cognition remain
incompletely understood. Some researchers caution that over-
reliance on automated CAD features may impede deep spatial
understanding [16], while others emphasize that well-
designed digital environments can accelerate spatial learning
through immediate feedback and multiple representational

formats [17].

Dual coding theory emphasizes that information processed
through both verbal and visual channels enhances learning
and retention [18]. Modern Al tools enable sophisticated dual
coding through synchronized textual explanations and visual
demonstrations, which may optimize spatial learning.
Additionally, constructivist learning theories emphasize active
knowledge construction through experiential learning [19],
which Al-powered interactive environments can facilitate
through immediate feedback, adaptive scaffolding, and

personalized learning pathways.

Digital
Education: Computer-Aided Design (CAD) systems have

Technologies in Engineering Graphics
gradually transformed engineering graphics education over
the past three decades. Early CAD integration focused
primarily on software skill development, often replacing rather
than complementing traditional drawing instruction [20].
Contemporary approaches acknowledge the importance of
preserving foundational spatial thinking development while
leveraging the efficiency and industry relevance of digital tools
[21]. Research
beginning with hand-drawing to develop spatial cognition,

indicates that sequential integration—
then transitioning to CAD for efficiency and complexity—yields
optimal learning outcomes [22].

Three-dimensional modeling environments, particularly
parametric CAD systems such as SolidWorks, Autodesk
Inventor, and CATIA, enable students to visualize complex
geometries and understand relationships between 2D
projections and 3D forms [23]. Research demonstrates that
3D modeling experiences improve spatial visualization abilities
when properly integrated with projection theory instruction
[24]. However, challenges include steep learning curves for
complex software,

potential cognitive overload when

introducing too many features simultaneously, and the risk of

students relying on software automation without

understanding underlying geometric principles [25].

Virtual Reality (VR) and Augmented Reality (AR) technologies
offer immersive spatial learning experiences that traditional
methods cannot replicate [26]. Pilot studies demonstrate the
effectiveness of VR/AR in enhancing spatial understanding for
complex 3D visualization tasks [27]. Students can manipulate
virtual objects, view them from multiple perspectives, and
observe cross-sections in real time, facilitating deeper spatial
comprehension. However, widespread VR/AR adoption has
been limited by equipment costs, technical complexity, and a
lack of pedagogically developed content [28]. Recent
advances in affordable VR headsets and AR-capable mobile
devices may accelerate adoption in educational contexts.

AI Applications in Engineering Education: Intelligent
Tutoring Systems (ITS) represent one of the most established
applications of AI in education, providing personalized
instruction and adaptive feedback based on individual student
performance [29]. In engineering contexts, ITS can guide
students through complex problem-solving processes, identify
misconceptions, and deliver targeted interventions [30]. The
well-researched ITS AutoTutor demonstrates significant
learning gains across various STEM domains through natural
language dialogue and scaffolded instruction [31]. For
engineering graphics, ITS can analyze student drawings,
identify errors in projection, dimensioning, or line quality, and
provide specific corrective guidance.

Generative Al technologies—particularly large language
models such as GPT-4 and image generation systems such as
DALL-E—introduce new possibilities for engineering education
[32]. These tools can generate explanations, create practice
problems, offer alternative solution approaches, and even
produce visual representations of engineering concepts [33].
However, concerns exist regarding accuracy, susceptibility to
over-reliance, academic integrity, and the need for critical
Pedagogical
approaches that position generative Al as collaborative

evaluation of Al-generated content [34].

learning tools rather than answer providers show promise for
enhancing education while cultivating critical thinking skills
[35].

Machine learning algorithms enable automated assessment of
technical drawings, addressing the time-intensive nature of
manual evaluation of student work [36]. Computer vision
techniques can analyze drawings for accuracy, completeness,
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and standards compliance, providing students with immediate
feedback [37]. Initial implementations demonstrate promising
accuracy levels, though challenges remain in evaluating
creative problem-solving and recognizing acceptable variation
in drawing approaches [38]. Combining automated
assessment with instructor oversight can optimize both
efficiency and pedagogical quality. AI-powered learning
analytics can track student progress, identify at-risk students,
and recommend personalized learning resources [39]. By
analyzing patterns in student performance, engagement, and
learning behavior, AI systems can predict difficulties and
trigger proactive interventions [40]. In engineering graphics
courses, analytics can identify students struggling with specific
projection types or geometric constructions, enabling targeted

support before problems escalate.
METHODOLOGY

Research Design: This study employed a convergent parallel

mixed-methods design, simultaneously collecting and
analyzing quantitative and qualitative data to provide a
comprehensive understanding of Al integration in engineering
graphics education [48]. The quantitative component utilized
a quasi-experimental design comparing experimental groups
receiving Al-enhanced instruction with control groups
receiving traditional instruction. The qualitative component
employed semi-structured interviews, classroom observations,
and document analysis to explore participants’ experiences,
attitudes,

conducted over one academic year (September 2024-May

and pedagogical practices. The study was

2025) at six pedagogical universities in Uzbekistan.

Participants and Sampling: Participants included 380
second-year undergraduate students enrolled in engineering
graphics courses across six pedagogical universities,
specializing in technology education and engineering teacher
preparation. Following confirmation of initial equivalence in
spatial ability, prior technical drawing experience, and
academic performance, students were randomly assigned to
(n=190) and (n=190) groups.
28 faculty members teaching engineering

experimental control
Additionally,
graphics participated in professional development seminars
and interviews. All participants provided informed consent,
and the research protocol received ethical approval from the

institutional review boards of the participating universities.

Intervention: AI-Enhanced Instructional System: The
experimental intervention integrated multiple AI and digital

technologies into the engineering graphics curriculum while

maintaining alignment with learning objectives and
pedagogical principles. The system consisted of five
interconnected components implemented progressively

throughout the academic year: the Foundation Phase (Weeks

1-6) introduced fundamental spatial concepts through
traditional hand-drawing and AI-powered visualization tools;
the CAD Integration Phase (Weeks 7-14) transitioned to
AutoCAD and KOMPAS-3D with intelligent features enabled;
the Intelligent Tutoring System (ITS) provided personalized
practice problems, step-by-step guidance, and adaptive
difficulty adjustment
throughout the semester; the Generative Al Integration Phase
(Weeks 15-22) incorporated ChatGPT and other generative

tools for conceptual understanding, problem-solving, and

based on student performance

pedagogical reflection; and the Virtual Reality Laboratory
(Weeks 23-30) utilized VR headsets for immersive spatial
exploration.

RESULTS

Spatial PSVT:R results

revealed significant spatial visualization improvement in both

Visualization Development:

groups, with substantially greater gains in the experimental
group. Pre-test results showed no significant difference
between the experimental and control groups (t=0.58,
p=0.56), confirming initial equivalence. Post-test results
identified significant group differences: the experimental
group significantly outperformed the control group (t=12.45,
p<0.001, Cohen’s d=1.52). Within-group analysis showed that
both groups improved significantly from baseline. The
experimental group improved by 63% (t=18.94, p<0.001),
while the control group improved by 34% (t=11.23, p<0.001).
ANCOVA controlling for pre-test scores confirmed a significant
treatment effect (F=156.34, p<0.001), demonstrating that AI-
enhanced instruction produced substantially greater spatial
visualization gains.

Engineering Graphics Concept Mastery: EGCI results
revealed significant differences in conceptual understanding
Post-test
experimental group’s superiority over the control group
(t=11.14, p<0.001, Cohen’s d=1.38). Content-area analysis
identified consistent experimental group advantages. For

between groups. results demonstrated the

projection theory items, experimental students responded
correctly 87% compared to the control group (p<0.001).
Geometric construction items showed 85% versus 71%

(p<0.001). Complex problem-solving items requiring
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integration of multiple concepts demonstrated the largest gap:
82% experimental versus 63% control (p<0.001), indicating
that Al tools particularly enhanced higher-order thinking and
application skills.

Digital Competency and Technical Proficiency: DCA

assessment identified significant differences in digital

competencies. The experimental group demonstrated

significantly  higher proficiency across all measured
dimensions. CAD software proficiency scores: experimental
(M=84.3, SD=8.2) versus control (M=68.7, SD=9.5; t=14.23,
p<0.001). Al tool usage competency: experimental (M=78.6,
(M=32.4, SD=12.3; t=34.56,

reflecting minimal Al in control

SD=9.1) versus control
p<0.001),
instruction. Digital collaboration and communication skills:
experimental (M=81.2, SD=7.8) versus control (M=71.5,
SD=8.9; t=9.34, p<0.001).

exposure

Teaching Readiness and Pedagogical Preparation: TRS
results revealed that experimental group students felt
significantly better prepared to integrate technology in their
future teaching practice. Overall teaching readiness scores:
experimental (M=4.3 out of 5.0, SD=0.6) versus control
(M=3.1, SD=0.7; t=14.89, p<0.001). Confidence in
pedagogically utilizing AI tools: experimental (M=4.1,
SD=0.7) versus control (M=2.4, SD=0.8; t=18.34, p<0.001).
Ability to design technology-enhanced lessons: experimental
(M=4.2, SD=0.6) versus control (M=3.0, SD=0.7; t=14.67,
p<0.001).

DISCUSSION

Interpretation of Findings: The substantial improvement
in spatial visualization abilities (42% gain in experimental vs.
34% in control) provides strong evidence for the effectiveness
of Al-enhanced instruction in developing this critical
competency. This finding aligns with spatial cognition theories
positing that multiple representational formats and immediate
feedback facilitate deeper spatial understanding [15]. The Al
tools employed—particularly VR environments and intelligent
tutoring systems—offered experiences unavailable in
traditional instruction: dynamic 3D manipulation, multiple
synchronized viewpoints, and adaptive difficulty progression.
These affordances accelerate spatial learning while reducing
cognitive load associated with mental transformation tasks,

building robust spatial reasoning schemas.

Implications for Teacher Preparation: The significantly
higher teaching readiness scores in the experimental group

(4.3 vs. 3.1 out of 5.0) demonstrate that experiencing AI-
enhanced instruction as students better prepares future
teachers to implement such approaches themselves. This
finding supports the pedagogical principle that teachers teach
as they were taught—direct experience with innovative
pedagogy provides more effective models for future practice
than theoretical descriptions alone [42]. The sophisticated
narratives from experimental students in qualitative data
regarding how Al tools could enhance their own teaching
clearly demonstrate the development of Technological
Pedagogical Content Knowledge (TPACK) through authentic
technology integration experiences.

Practical Recommendations: Based on the study findings,
several recommendations emerge for those seeking to
integrate Al into engineering graphics education at
pedagogical universities. Curriculum modernization should
adopt sequential integration: beginning with foundational
hand-drawing to develop spatial cognition, transitioning to AI-
enhanced CAD for efficiency and complexity, incorporating VR
for immersive spatial experiences, and utilizing intelligent
tutoring for personalized practice and feedback. Faculty
development programs should provide hands-on training with
Al tools used in instruction, pedagogical frameworks for
effective technology integration, collaborative lesson design
and resource sharing opportunities, and ongoing technical
support and troubleshooting assistance.

CONCLUSION

This study demonstrates that thoughtful integration of AI and
digital technologies significantly enhances engineering
graphics pedagogical
experimental intervention produced substantial improvements

education at universities. The
in spatial visualization abilities (42% gain), conceptual
understanding, technical proficiency, and teaching readiness
compared to traditional instruction. These findings provide
strong empirical support for Al-enhanced pedagogical
approaches in technical education. Particularly significant is
the finding that future teachers benefit from Al-integrated
instruction as students, developing both the technical
competencies and pedagogical understanding necessary for
technology-enhanced teaching in the future. The research
demonstrates that AI tools, when properly implemented,
enhance deep conceptual learning—particularly benefiting

struggling students through personalized adaptive scaffolding.

The proposed integrated system—combining foundational
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hand-drawing for spatial cognition development, Al-enhanced
CAD for efficiency and complexity, intelligent tutoring for
personalized practice, generative AI for conceptual
exploration, and VR for immersive spatial experiences—offers
a roadmap for curriculum modernization at pedagogical
universities. This system balances technological innovation
with  pedagogical rigor,

competencies and technological fluency required of 21st-

developing both foundational

century engineering teachers. As Al continues to advance,
pedagogical
teachers for

universities must adapt to prepare future
increasingly technology-mediated
This
adaptation can improve educational quality while preserving

learning
environments. research demonstrates that such
essential pedagogical values. The challenge ahead lies not in
choosing between traditional and Al-enhanced approaches,
but in strategically integrating them to leverage their
this pedagogical
universities can prepare engineering educators who combine

complementary strengths. In way,
deep understanding of foundational principles with skillful use
of advanced technologies—teachers capable of guiding the

next generation of engineers in an Al-enhanced world.
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