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Abstract: Engineering graphics is fundamental in engineering education, enabling precise visual 

communication in design and manufacturing. Many students find it difficult to interpret 2D technical 

drawings and convert them into accurate 3D representations—such as orthographic projections, sectional 

views, and hidden features—due to varying spatial visualization skills. While traditional teaching methods 

are essential for learning drawing conventions and geometric reasoning, they often rely on static materials 

and offer limited feedback. Recent advances in artificial intelligence provide interactive tools that 

transform 2D drawings into 3D models with real-time guidance. This paper explores AI-assisted 

visualization as a complementary approach, showing it can improve understanding, reduce errors, and 

boost student confidence without replacing traditional learning. 
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1. INTRODUCTION 

 

Engineering graphics remains a fundamental pillar of 

engineering education and professional practice, serving 

as a universal language for communicating complex 

technical concepts. Technical drawings, geometric 

representations, and standardised visualisation methods 

enable engineers to convey functional intent, spatial 

relationships, and design constraints with precision 

across disciplines such as mechanical, civil, industrial, 

and electrical engineering. Classical references in the 

field, including Engineering Graphics with CAD 

Applications and Engineering Design Graphics, 

emphasise that mastery of graphical conventions is 

essential for future engineers and designers [1], [4]. 

Despite its importance, engineering graphics is often 

considered one of the most cognitively demanding 

subjects for students. A major challenge arises from the 

mental transformation required to interpret two-

dimensional (2D) projections and reconstruct their three-

dimensional (3D) counterparts. Such tasks require well-

developed spatial reasoning abilities, which vary 

considerably among learners and may influence both 

academic performance and learning confidence [2], [8]. 

Traditional instructional approaches rely primarily on 

static drawings, manual sketching, blackboard 

demonstrations, and conventional CAD environments. 

Although these methods provide a strong pedagogical 

foundation, they may not fully accommodate diverse 

learning profiles or provide immediate visual feedback 

for students who experience difficulties in spatial 

comprehension [3]. 

Recent advances in artificial intelligence (AI) have 

introduced new opportunities for enhancing engineering 

graphics education. AI-driven visualisation systems can 

generate sketches, transforming 2D drawings into 

interactive 3D representations, and offering real-time 

explanatory feedback. Within the broader context of the 

AI era, such technologies represent a significant shift in 

how graphical communication and spatial learning can be 

supported in engineering curricula [5], [6]. 

This paper presents a state-of-the-art perspective on 

AI-assisted visualisation in engineering graphics 

education. It explores emerging capabilities, pedagogical 

implications, and the extent to which intelligent 

visualisation tools can enhance conceptual understanding 

and complement foundational graphical training without 

replacing essential engineering reasoning skills. 

 

2. LITERATURE REVIEW 

 

2.1 Persistent Challenges in Engineering Graphics 

Education 

A substantial body of research has documented the 

persistent difficulties students face when learning 

engineering graphics. Spatial visualisation ability has 

consistently been identified as a key predictor of success 

in technical drawing, design interpretation, and 

projection-based reasoning (Figure 1).  

 

 
 

Figure 1 Cognitive barriers in spatial visualisation. 

 

Sorby’s work highlights that learners with weaker 

spatial skills often experience challenges in imagining 

hidden features, interpreting sectional planes, and 

understanding multi-view geometry [2]. 

Conventional instructional models emphasise 

repetition, manual construction of the projections, and 
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progressive sketching exercises. Although effective for 

developing foundational competence, these methods can 

be time-intensive and may not provide sufficient 

individualised scaffolding for students at different 

cognitive readiness levels [1], [3]. As a result, early-stage 

frustration and reduced self-efficacy remain common 

barriers to learning progression [8]. 

 

2.2 Digital Transformation Through CAD and 

Visualisation Technologies 

The integration of computer-aided design (CAD) 

tools represented a major milestone in engineering 

graphics education. CAD environments enabled dynamic 

modelling, parametric modification, and enhanced 

graphical accuracy, significantly improving efficiency 

and realism in design instruction [3], [4] (Figure 2). 

However, traditional CAD systems often present steep 

learning curves, requiring extensive software proficiency 

that can distract beginners from conceptual 

understanding. 

 

 
 

Figure 2 Evolution from manual drafting to CAD systems. 

 

Recent educational technology research has shifted 

toward more intuitive visualisation platforms designed to 

reduce cognitive load and prioritise geometric reasoning 

over command-based software mastery [7]. These 

approaches emphasise conceptual accessibility, 

supporting students in developing mental models rather 

than focusing solely on technical tool operation. By 

providing more interactive and visually guided learning 

environments, such systems allow learners to explore 

geometric relationships more effectively and at their own 

pace. Moreover, the integration of intelligent 

visualisation tools encourages a more exploratory 

learning process, where students can test hypotheses, 

observe spatial transformations, and refine their 

understanding through immediate visual feedback. 

 

2.3 Emergence of AI-Assisted Visualisation Systems 

AI-assisted visualisation tools represent a new 

frontier in engineering graphics pedagogy by 

fundamentally reshaping how students engage with 

spatial and geometric information. Unlike conventional 

CAD systems—which typically require users to 

manually construct and manipulate models through 

predefined commands—AI-driven platforms emphasise 

automation, natural interaction, and adaptive 

instructional support.  

These systems, such as Autodesk Fusion 360, 

Onshape, SolidWorks, and emerging AI-based platforms 

like nTopology or Kaedim, are capable not only of 

executing modelling tasks but also of interpreting user 

intent, identifying errors, and dynamically responding to 

individual learning needs. As suggested by recent 

research in artificial intelligence in education (AIEd), 

intelligent tools can significantly enhance learning 

outcomes when they are aligned with pedagogical 

objectives and integrated responsibly into instructional 

practice [5], [6]. Moreover, their capacity to generate 

real-time visual feedback and scaffold complex spatial 

reasoning processes positions them as powerful 

facilitators of deeper conceptual understanding rather 

than mere productivity enhancers. 

Modern AI-assisted visualisation systems extend 

beyond traditional modelling environments by enabling: 

• generation of visual representations from symbolic or 

textual inputs (Figure 3), allowing students to 

transform abstract descriptions into concrete 

geometric forms with minimal procedural effort; 

• conversion of 2D technical drawings into interactive 3D 

models (Figure 4), supporting spatial reasoning and 

improving the interpretation of orthographic 

projections; 

• automatic identification and highlighting of geometric 

dependencies and hidden structural relationships that 

are often difficult for novices to detect; 

• guided, step-by-step visual explanations (Figure 5), 

facilitating conceptual understanding and reducing 

cognitive load during complex modelling tasks; 

• rapid model exploration through real-time rotation, 

sectional views, and dynamic inspection, enabling 

intuitive analysis of internal features and spatial 

configurations. 

 

 
 

Figure 3 AI-assisted visualisation workflow  

(Text → 3D → Interactive Exploration). 

 

 
 

Figure 4 AI-assisted visualization workflow  

(2D drawings → 3D models). 
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Figure 5 AI-assisted visualization workflow  

(step-by-step visual explanations). 

 

By incorporating these capabilities, AI-assisted 

visualisation environments not only accelerate the 

modelling process but also promote active learning, 

conceptual clarity, and deeper engagement with 

engineering design principles. Applications of intelligent 

visualisation in engineering drawing have shown strong 

potential to improve comprehension and reduce 

interpretation errors [9]. 

Moreover, such tools align with human-centred 

design principles by supporting intuitive interaction and 

perceptual clarity in complex technical contexts [10]. 

Overall, the literature suggests that AI-assisted 

visualisation can enhance engineering graphics education 

by bridging the gap between abstract projections and 

perceptual understanding, particularly when used as a 

complementary resource rather than a substitute for core 

graphical competencies. 
 

3. RESEARCH FRAMEWORK AND 

EVALUATION APPROACH 

 

3.1 Objectives and Scope 

The conceptual framework guiding current research 

on the integration of AI-assisted visualization tools in 

engineering graphics education is summarized in Table 

1. Based on the central research question—namely, the 

extent to which these technologies improve conceptual 

understanding and graphical communication compared 

to traditional instructional methods—the table outlines 

the main dimensions explored in recent studies. 

 
Table 1 

Key dimensions frequently explored in contemporary 

research. 

Key 

dimensions 

AI-Assisted 

Visualisation Tools 

Conventional 

instructional 

approaches 

efficiency of 

conceptual 

acquisition 

 

rapid generation and 

interactive 

exploration of 3D 

models 

manual sketching and 

repetitive projection 

exercises 

accuracy of 

projections 

dynamic, error-

highlighted 3D 

transformations 

Static, often error-

prone manual 2D 

projections 

learner 

confidence 

and 

engagement 

adaptive feedback, 

step-by-step 

guidance 

Higher frustration 

with trial-and-error 

method 

balance 

between 

automation 

and spatial 

reasoning 

balanced automation 

promoting active 

spatial reasoning 

and analysis 

heavy reliance on 

manual techniques 

and rote repetition 

 

The comparison is organised around four essential 

axes: the efficiency of conceptual acquisition, the 

accuracy in interpreting projections and sectional views, 

learner confidence and engagement, and the balance 

between automation support and the development of 

independent spatial reasoning. Presenting these 

dimensions in a comparative format clarifies the 

pedagogical differences between traditional methods, 

typically centred on manual execution and repetition, and 

AI-assisted approaches, which emphasise interactivity, 

adaptive feedback, and perceptual clarity. 

 

3.2 Evaluation Methodologies in Recent Studies 

Recent investigations into AI-supported engineering 

graphics education typically adopt mixed evaluation 

frameworks combining: 

• timed interpretation tasks measuring 

comprehension efficiency, 

• error-based analyses of projection accuracy and 

feature recognition, 

• learner-centred surveys assessing confidence and 

usability, 

• qualitative feedback regarding cognitive workload 

and reliance risks. 

Such frameworks enable a holistic assessment of both 

performance outcomes and user experience, reflecting 

the dual technical and pedagogical nature of engineering 

graphics learning. 

 

4. SYNTHESIZED FINDINGS FROM CURRENT 

EVIDENCE 

 

Across multiple emerging studies and pilot 

implementations, AI-assisted visualisation tools have 

demonstrated measurable educational benefits in 

engineering graphics instruction. One major advantage is 

the accelerated interpretation of complex projections, as 

students can obtain near-instantaneous 3D feedback from 

2D representations, thereby bridging the gap between 

abstract orthographic drawings and their corresponding 

spatial forms. 

Furthermore, AI-supported environments help reduce 

errors in identifying hidden geometries, intersections, 

and sectional relationships. By highlighting internal 

structures and dependencies between geometric 

elements, these systems assist learners in recognising 

spatial relationships that may be difficult to perceive in 

traditional static representations. 

Another reported outcome is the improvement of 

student confidence when addressing complex spatial 

problems, particularly among learners with initially 

lower spatial visualisation ability. 

However, concerns remain regarding potential over-

reliance on automated visualisation processes if such 

technologies are not implemented within a balanced 

pedagogical framework. Consequently, AI-assisted 

visualisation should be integrated alongside instructional 
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strategies that encourage critical thinking, manual 

sketching, and reflection on geometric reasoning 

processes. 

 

5. DISCUSSION: PEDAGOGICAL IMPLICATIONS 

AND FUTURE DIRECTIONS 

 

The evidence suggests that AI-assisted visualisation 

tools hold substantial promise as cognitive amplifiers in 

engineering graphics education. By providing immediate 

perceptual scaffolding, these systems support learners in 

constructing accurate internal representations of technical 

objects. Additionally, their interactive and adaptive 

features enable students to explore spatial relationships 

dynamically, fostering deeper engagement with complex 

geometrical concepts. As a result, they can contribute not 

only to improved comprehension but also to more 

effective graphical communication and problem-solving 

performance. 

Importantly, AI should be positioned as an 

enhancement layer rather than a replacement for 

foundational engineering competencies. Manual 

sketching, geometric reasoning, and adherence to 

drafting conventions remain essential skills for 

professional engineering practice. 

A balanced integration strategy is therefore 

recommended, where AI tools are used to: 

➢ clarify high-complexity concepts, 

➢ support students with lower initial spatial ability, 

➢ enhance the efficiency of graphical 

communication training, 

➢ foster engagement through interactive exploration. 

Future work must address long-term retention of 

learning, ethical dependence on tools, and curriculum-

level integration across advanced design and 

manufacturing courses. 

 

 

6. CONCLUSIONS 

 

AI-assisted visualisation represents a state-of-the-art 

advancement in engineering graphics education, offering 

strong potential to enhance spatial understanding, reduce 

interpretation errors, and increase learner engagement.  

By enabling interactive representations of complex 

geometries, AI-driven tools support personalised learning 

and adaptive feedback. Additionally, they can facilitate 

more intuitive exploration of design concepts, bridging 

the gap between theory and practice. As engineering 

education evolves in the AI era, graphical 

communication pedagogy must adapt responsibly, 

ensuring that intelligent tools complement rather than 

replace core technical reasoning skills.  

Furthermore, integrating such technologies can 

promote inclusive learning by addressing varying levels 

of spatial ability. Future research should focus on large-

scale validation, longitudinal skill development, and 

integration into advanced design workflows. 
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