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INTEGRATING 3D MODELING INTO TECHNICAL DRAWING EDUCATION

FOR THE DEVELOPMENT OF SPATIAL THINKING

Abstract: The development of spatial thinking is a key objective in engineering education and technical drawing
instruction. Traditional 2D teaching approaches often limit students’ ability to correctly interpret complex geometric
relationships. This paper explores the integration of 3D modelling tools into technical drawing courses as a method for
enhancing spatial visualization skills. A structured teaching methodology based on parametric modelling and the
generation of 2D drawings from 3D models is presented. The results indicate that the use of 3D modelling significantly
improves students’ understanding of technical representations and supports the learning process in engineering graphics.
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1. INTRODUCTION

In today’s fast-paced technical education, developing
spatial thinking is more than just a requirement, it is a
cornerstone for future engineers who need to navigate the
complexities of geometry and modern design [1].

Traditional teaching methods, which often lean on
manual 2D drafting, sometimes are not enough. They don't
always give students the right tools to truly see and grasp
deep geometric relationships in their minds [2].

This paper highlights why bringing 3D modelling into
technical drawing courses is a necessary game-changer,
aiming to help students with their spatial visualization
skills [3].

2. THE IMPORTANCE OF SPATIAL THINKING
IN TECHNICAL EDUCATION

Spatial thinking represents the cognitive foundation
upon which an engineer's entire expertise is built [4]. It
involves the ability to mentally visualize 3D objects, rotate
them, and understand component interaction without
physical support [5].

Here there are some key aspects and practical
examples:

2.1 Interpretation and Conversion between 2D and
3D

Reading a 2D technical drawing and mentally
reconstructing the 3D object is the most frequent task for
an engineer [6]. Visualizing a simple mechanical piece
from simple views and sections is a good example of this
type of conversion. Consequently, the cultivation of robust
spatial intelligence is a critical pedagogical prerequisite;
students must master the ability to perform mental
rotations and orient components within a 3D workspace to
effectively decode intricate orthographic projections. This
core competency is essential for anticipating mechanical
interferences and serves as the fundamental link between
2D abstraction and functional application within advanced
Computer-Aided Design (CAD) and manufacturing
ecosystems (Figure 1).

2.2 Interference and Assembly Verification
This task is crucial for anticipating geometric conflicts
between building services and civil engineering elements

Figure 1 The process of human visualization and mental
transformation from 2D sketches into 3D complex objects.

of the building, for example foreseeing if a ventilation duct
will intersect with a support beam [7].

2.3 Manufacturing Process Optimization
Understanding

Understanding the space is vital for choosing
machining strategies, like 3D printing [8], [9].

2.4 Ergonomic and Aesthetic Design

Designing volumes that are both aesthetically pleasing
and ergonomically accessible is another goal of a civil
engineer [10].

3. METHODOLOGY: INTEGRATING 3D
MODELING AS A VISUAL INSTRUCTIONAL AID

The methodology transforms AutoCAD from a design
tool into a cornerstone of geometric demonstration,
facilitating the transition from spatial perception to correct
orthogonal projection [11].

This pedagogical approach shifts the focus from static
2D representation to a dynamic, volumetric understanding
of geometry. By utilizing AutoCAD’s 3D engine, the
methodology bridges the "spatial gap", which is the
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cognitive difficulty students face when translating a 3D
mental image into 2D conventions.

3.1. Demonstration of Orthogonal Projections

(Viewing Axes)

¢ Procedure: Using the 3D Orbit function to perform a full
rotation, then locking the visualization onto principal
directions (Top, Front and Side).

e Impact: This continuous movement allows students to
visually track how a 3D edge becomes a 2D line and how
a 3D surface becomes a plane. By "locking" the view
after a rotation, the methodology reinforces the
mathematical alignment of projections, proving that
views are mathematically derived from the same
coordinate system, thereby eliminating the perception of
views as "isolated drawings" [12]. Students understand
in this way that the views are just faces of the same
volume, not isolated entities.

3.2. Clarification of Internal Geometry (Dynamic

Sectioning)

e Procedure: Utilizing Live Sectioning to "cut" the virtual
model along section planes.

o Result: As the section plane passes through the model,
AutoCAD’s ability to generate automatic hatching on
the cut surface provides an immediate visual link to the
2D hatching conventions used on paper.

Solid Identification: The "Live Section™ highlights the
boundary between material and void, clarifying why
certain areas are hatched while others remain empty
(representing holes or internal cavities).

Geometric Correlation: Students can compare the 3D
cut (Figure 2, Figure 3) directly with the resulting 2D
sectional view, internalizing the logic of the cutting plane
line and its direction of sight.
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Figure 2 Section through a mechanical piece.
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Figure 3 Section through a solid model, with holes.

3.3. Visualization of Hidden Edges

The representation of non-visible geometry via dashed
lines is a frequent source of error in technical drafting.
This methodology utilizes AutoCAD’s visual style engine
to transition from intuitive seeing to standardized
representation.

To demystify the internal structure of complex
components, the instructional sequence follows a specific
transition between visual styles (Figure 4):

o Conceptual/Shaded Style: Used initially to establish the
outer volume and "solid" feel of the object

e X-Ray Mode: This is the critical intermediary step. By
applying a global transparency (adjustable via the
VISUALSTYLES manager), internal blind holes,
counter bores, and channels become visible while the
outer boundaries remain defined.

¢ 2D Wireframe: The final step in the correlation, where
the object is stripped of all surfaces, leaving only the
edges.
The primary impact of this visual manipulation is the
alignment of "mental vision" with "graphic convention":
o Verification of Hidden Lines: As the professor toggles
between Conceptual and X-Ray modes, the students can
physically see the edges that require dashed line
representation in a 2D projection. This eliminates the
guesswork associated with "blind" geometry.

 Validation of Depth and Intersection: Features like blind
holes (which do not go through the entire object) are
often drawn incorrectly in 2D. The X-Ray style allows
students to observe exactly where a hole terminates
inside the mass, facilitating a correct representation of
the drill point and depth on paper.

e Spatial Anchoring: By seeing the internal "skeleton™ of
the part in a 3D isometric view, students develop a more
robust spatial anchor, which prevents the common
mistake of omitting hidden lines in the side or top views.
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Figure 4 Intersection between a prism and a cylinder.
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3.4. The Virtual ""Glass Box'" Method

The "Glass Box" method is a classic pedagogical tool
in engineering graphics, traditionally taught through
mental visualization. By recreating this environment in
AutoCAD, the methodology provides a tangible spatial
framework for the rules of orthographic projection.
¢ Procedural Implementation:

- The object is placed at the centre of a transparent,
cubic 3D primitive. Each face of the cube represents one
of the six principal projection planes (Frontal,
Horizontal, and Profile planes).

- Ray Tracing and Mapping: Using construction lines
(XLINE or RAY commands), the methodology
demonstrates how vertices from the 3D model are
projected perpendicularly onto the transparent surfaces
of the box.

- Visual Documentation: As seen in Figure 5, the 3D
object remains static, while its 2D "shadows"
(projections) are developed on the corresponding planes.
This reinforces the concept that a 2D drawing is a planar
representation of a specific spatial orientation.

e The "Unfolding" Process (The Transition to 2D)

One of the most significant cognitive leaps for students
is understanding how a 3D box becomes a flat sheet of
paper.

- Dynamic Rotation: Using AutoCAD’s ROTATE3D
command, the lateral and superior planes of the virtual
glass box are rotated 90 degrees until they are coplanar
with the frontal plane.

- Conceptual Alignment: This "unfolding" (shown in
Figure 6 and Figure 7) explains the spatial origin of the
folding lines (the axes of the drawing) and why the top
view must be positioned directly below the front view. It
visually proves that the distance from the object to the
folding line remains consistent across different views.

e Educational Impact: Eliminating "View Disconnection"

- Validation of the Third Dimension: By seeing the box
unfold, students understand that the "depth" in the top
view is the same "depth" shown in the side view, a concept
that is often lost in 2D-only instruction.

- Spatial Anchoring: The transparent box serves as a
permanent reference frame. Even when students
eventually move to complex objects without the box, the
"mental scaffolding” remains, allowing them to visualize
the projection planes around any given solid.

Figure 1. Glass Box Method
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Figure 5 Glass Box Method.

Figure 6 The projection of the object on the projection planes.

Figure 7 The projection on the “Draught”, of an object.

JOURNAL OF INDUSTRIAL DESIGN AND ENGINEERING GRAPHICS



Integrating 3D Modelling into Technical Drawing Education for the Development of Spatial Thinking

4. IMPACT ASSESSMENT ON THE LEARNING
PROCESS

By shifting the focus from abstract memorization to
visual logic, the authors observed the following results, as
shown in Table 1 [13], [14].

Table 1
Impact assessment on the learning process

Improvement Description of Result

Area

Reduction of 30-40% higher accuracy in spatial

Errors representation compared to 2D-only
methods.

Sectioning Eliminated confusion regarding
Clarity hatching boundaries and solid vs.
hollow material.

Increased Students develop a clear "mental
Confidence map", allowing them to focus on
pencil precision.

Professionalism | Early exposure to CAD
environments prepares students for

advanced engineering courses.

5. CONCLUSIONS

The integration of 3D modelling into technical
drawing education is not merely a technological upgrade,
but a cornerstone for developing modern engineering
spatial thinking [3]. This hybrid approach - combining the
tactile rigor of pencil-on-paper drafting with the visual
clarity of AutoCAD demonstrations - ensures a
comprehensive learning experience [12].

Ultimately, this strategy significantly reduces the
cognitive load associated with spatial interpretation and
ensures a solid foundation in both traditional and modern
visualization [14].
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