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Abstract: Engineering graphics, the set of visual tools, techniques, and conventions used to represent engineering 

ideas, has always been central to educating engineers. This article argues that graphics are not merely illustrative but 

form an essential mode of thinking in engineering: they enable spatial reasoning, communicate complex systems 

efficiently, foster collaboration, and provide rigorous means for analysis and design. We review historic and 

contemporary roles of graphics in engineering education, discuss pedagogical strategies for integrating graphics, 

present some examples, and examine the profound and accelerating influence of artificial intelligence (AI) on 

engineering graphics. The piece concludes with practical recommendations for educators and curriculum designers. 
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1. INTRODUCTION  

 

Engineering is fundamentally about transforming 

ideas into physical systems. Graphics — sketches, 

technical drawings, diagrams, schematics, and models — 

sit between the idea and the artefact. For students, 

graphics act as cognitive scaffolding: they externalize 

spatial relationships, reveal hidden constraints, and 

support iterative design. While verbal and mathematical 

models are essential, graphics provide a different 

epistemic access to problems: they allow designers to see 

the structure of a problem, manipulate it, and test 

hypotheses quickly [1], [2], [6]. 

This article synthesizes evidence and argumentation 

for why graphics matter in teaching and learning 

engineering, how best to teach them, and how emerging 

AI technologies are reshaping the practice and pedagogy 

of engineering graphics. 

 

2. WHY GRAPHICS MATTER IN ENGINEERING 

EDUCATION 

 

 Here are some arguments for the importance of 

graphics in engineering education.  

Graphics offer cognitive advantages: 

• spatial reasoning and mental rotations (Figure 1): 

engineering problems often require reasoning about 

three-dimensional relationships; graphics help 

students build accurate mental models and improve 

spatial visualization skills, which correlate with 

design performance. 

• external memory and problem representation: 

drawings serve as external memory artefacts that 

reduce cognitive load and permit complex chaining of 

ideas. 

• problem decomposition and abstraction: diagrams 

reveal sub-systems and interfaces, facilitating 

modular reasoning and abstraction (Figure 2).  

Graphics enable communication and collaboration: 

• shared language: standardized graphical conventions 

(e.g., orthographic projection, circuit symbols, piping 

and instrumentation diagrams) allow engineers from 

different backgrounds to communicate precisely. 

• multimodal teams: graphics are critical in cross-

disciplinary teams (mechanical, electrical, software) 

where text alone is insufficient. 

  

 
 

Figure 1 Mental rotations test. 

 

 
 

Figure 2 Decomposition and abstraction. 

 

Graphics allows design and analysis workflow: 

• sketching for ideation: rapid hand sketches support 

divergent thinking and early-stage creativity. 

• detailed drawings for manufacture: CAD drawings 

and engineering drawings carry tolerances, materials, 

and assembly instructions vital for fabrication. 

• simulation-ready models: Graphics bridge conceptual 

designs to computational analyses (finite element 

models, CFD meshes). 
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 Behind many applications are the geometric models 

of the studied objects. Geometric models are 

computational structures (symbols) that describe the 

spatial aspects of objects of interest for an application 

(Figure 3). 

 

 
 

Figure 3 Applications based on geometric models. 

 

 In the engineering design process, graphic 

representations are used in idea definition, performance 

analysis, project communication (Figure 4). 

 

 
 

Figure 4 A model of the engineering design process. 

 

 Figure 5 highlights the geometric modelling within a 

general scheme of a CAD system in mechanical 

engineering. 

 

 
 

Figure 5 General diagram of a CAD system in mechanical 

engineering. 
 

3. TYPES OF GRAPHICS USED IN 

ENGINEERING EDUCATION 

 

 Here are some of the types of graphics used in 

engineering education 

• exploratory sketches — freehand sketches to capture 

early ideas. 

• technical drawings — orthographic views, section 

views, and dimensioned drawings for manufacture. 

• schematic diagrams — systems-level connectivity 

(electrical circuits, process flows). 

• 3D CAD models — parametric solid models used for 

design, simulation, and CAM. 

• rendered visualizations — photorealistic or simplified 

visualizations for stakeholder communication. 

• data visualizations — plots, contour maps, and post-

processing visuals for analysis. 

Each type plays a role across the curriculum: sketches 

in first-year design thinking, technical drawings in 

mechanics and manufacturing courses, schematics in 

systems courses, and CAD in senior design projects. 

 

4. PEDAGOGICAL APPROACHES TO TEACHING 

GRAPHICS 

 

Here are some possible pedagogical approaches to 

teaching graphics [3]: 

• progressive integration: we must introduce graphics 

early as thinking tools, not merely drafting chores; 

will start with sketching and simple diagrams, then 

progressively add formal conventions and CAD tools; 

this respects cognitive load and ensures students 

appreciate the why before the how. 

• active learning and studio models: workshops, design 

studios, and lab sessions that emphasize iterative 

sketching, peer critique, and rapid prototyping are 

highly effective; studio assessment (looking at 

process artefacts) reinforces that graphics are part of 

design thinking. 

• cross-disciplinary projects: pair mechanical students 

with electrical and software students so that graphical 

conventions from each discipline are encountered and 

negotiated; this models real-world engineering 

practice. 

• assessment that values process: assess not only final 

CAD models or drawings but intermediate sketches, 

annotation histories, and versioned models to reward 

good graphical thinking. 

 

5. THE INFLUENCE OF ARTIFICIAL 

INTELLIGENCE (AI) ON ENGINEERING 

GRAPHICS 

 

AI is not simply an add-on tool; it is altering how 

engineers create, interpret, and use graphics. The 

influence spans three major modes: automation, 

augmentation, and new affordances [4], [5]. 

Automation (speeding repetitive and technical tasks). 

AI-driven features (e.g., auto-dimensioning, feature 

recognition, mesh generation, and sketch-to-CAD 

translation) reduce time spent on menial tasks. This 

allows students to focus more on conceptual design and 

systems thinking. However, instructors must be cautious: 

over-reliance on automation can weaken students’ 

mastery of underlying principles. 

Augmentation (better decision-making and feedback). 

Generative design and optimization tools use AI/ML to 

suggest solutions that satisfy constraints and objectives. 

AI can also provide immediate feedback on drawings: 

flagging ambiguous dimensions, detecting clashes, or 

proposing alternatives. In education, AI tutors can give 

individualized coaching on graphical conventions, 

annotation quality, and manufacturability. 

New affordances (multimodal and generative 

graphics). Large multimodal models enable new 

workflows: natural-language prompts that generate CAD 

geometry, AI-enhanced visualization from simulation 
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data, or automated creation of pedagogical diagrams. 

These tools expand what novice students can prototype 

quickly, democratizing design capabilities. 

 

5.1 Risks and ethical considerations 

There are, of course, some risks induced by using AI 

in learning engineering graphics. Among them, the 

following stand out: 

• skill atrophy: if students rely too heavily on AI for 

basic drafting and spatial reasoning, their 

foundational skills may atrophy. 

• black-box decisions: generative AI may produce 

designs that meet constraints but hide trade-offs; 

students must learn to interrogate and validate AI 

outputs. 

• equity and access: differential access to advanced AI 

tools can widen gaps between well-resourced and 

under-resourced programs. 

 Therefore, the pedagogical approaches must be 

appropriate: 

• focus on fundamentals: continue to teach hand 

sketching, manual drafting conventions, and spatial 

reasoning as core skills. 

• teach verification: teach students how to verify AI 

outputs using first principles, experiments, and 

conservative assumptions. 

• integrate AI literacy: include modules on how AI 

works, biases, and limits; have students compare AI-

generated designs to human-generated designs and 

critique them. 

 Here are some practical recommendations for 

educators: 

• teach graphics as thinking, not drafting - make 

sketching and diagramming explicit learning 

outcomes. 

• blend hand and digital methods - require both hand 

sketches and CAD deliverables in projects. 

• introduce AI tools with guardrails - use AI to speed 

workflows but design assessments that require 

demonstration of foundational skills and verification. 

• create studio/critique environments - peer critique 

sessions on graphical artefacts accelerate learning. 

• ensure equitable access - provide lab hours, cloud 

licenses, or low-cost tool alternatives so all students 

can practice. 

• assess process artefacts - value annotated sketches, 

iteration histories, and decision logs 

 

5.2 Case studies and classroom applications 

(examples) 

Here are also some examples of case studies and 

practical applications, in the field of graphics education 

of engineering students. 

• Freshman design: sketching & rapid prototyping 

(Figure 6).  

Assignment: Students produce hand sketches, convert 

one sketch to a CAD model, and 3D print a prototype. 

Assessment includes a reflective piece on how the sketch 

changed during translation. 

 

 
 

Figure 6 Case study: sketching & rapid prototyping. 

 

• Circuits lab: from schematic to printed circuit board 

(PCB) (Figure 7). 

Students draw circuit schematics by hand, translate 

them into Electronic Design Automation (EDA) 

software, and examine differences between schematic-

level abstractions and physical layout constraints. 

 

 
 

Figure 7 Case study: from schematic to printed circuit board. 

 

• Structures and simulation: visualization for insight 

(Figure 8). 

Students create simplified CAD geometry, mesh it, 

run a basic FEA, and visualize stress contours. The focus 

is on reading the visualization to inform design changes. 

• AI lab: generative design critique (Figure 9) 

Students use a generative design tool to create a part 

given loads and constraints. They must (a) document the 

input constraints, (b) analyse the generated geometry for 
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manufacturability, and (c) propose human-led 

modifications. 

 

 
 

Figure 8 Case study: structures and simulation. 

 

 
 

Figure 9 Case study: generative design critique. 

 

 

6. CONCLUSION 

 

Graphics remain indispensable in engineering 

education. They are cognitive tools that support spatial 

reasoning, communication, and design workflow. AI is 

rapidly changing the landscape — offering powerful 

automation, augmentation, and new creative possibilities 

— but also introducing risks to fundamental skill 

development and equity. The pedagogical challenge is to 

harness AI to enhance learning while safeguarding the 

cognitive and practical skills that graphics cultivate. By 

teaching graphics as a core mode of engineering 

thinking, by blending hand and digital methods, and by 

integrating AI literacy and verification into curricula, 

educators can prepare students for a future where visual 

thinking and AI-enabled tools are tightly coupled. 

 Graphics play a fundamental cognitive role in 

education by reducing cognitive load, enhancing memory 

through dual coding, externalizing complex relationships, 

and supporting conceptual understanding. Across 

disciplines, visual representations transform abstract or 

complex information into structured, interpretable forms. 

 Far from being secondary to text, graphics function as 

integral components of learning architecture. When 

thoughtfully designed and theoretically informed, they do 

not merely illustrate knowledge—they actively shape 

how learners construct, organize, and retain it. 
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