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Abstract  

This research will directly address and attempt to minimize the gap in understanding between 

perspective drawing on 2-D paper and 3-D modeling in a virtual environment. Students often 

have difficulty understanding a perspective drawing translated from orthographic projections. It 

is also difficult for them to recognize complicated shapes and forms like organic forms, multi 

circles and arcs in perspective. This paper is intended to propose new tools or pedagogy 

methods that students and instructors can put to practical use in a studio environment when 

they learn perspective drawing and 3-D computer modeling. 

 

Introduction 

Advances in technology have had a direct impact on the practice and teaching of industrial 

design (ID). Curriculum including instruction in the use of 3-D modeling programs has become 

essential while students maintain a connection to traditional industrial design by developing the 

solid sketching abilities learned through analog drawing. Often these students struggle to make 

a connection between two worlds, perspective sketching on 2-D paper and 3-D computer 

modeling. There are many books available about perspective drawing and computer modeling, 

however, these are limited to technical methods and theoretical principles of perspective. They 

do not suggest practical approaches to comprehending the correlations between computer 

modeling and perspective drawing or how they visually relate to one another. 

 

This research will provide a subjective solution that helps design educators better understand 

why students have trouble translating the computer 3-D world to a 3-D sketch on paper and vice 

versa. It will also suggest pragmatic study tools that influence their comprehension of 

perspective drawings and 3-D virtual forms. 

 

3-D shapes are complex and structured. 

For industrial designers, drawing has a very different function and purpose when compared with 

the illustration of other disciplines like visual art or architecture. It has depth and volume that 

often need to be explained by continuous lines in perspective view. Industrial design students 

are especially eager to learn 3-D perspective drawing though they often have trouble 

comprehending the form that must be translated into line drawings on paper. 

 

The following explains the process of transition that may contribute to the difficulties with 

teaching students 3-D perspective drawing: 

 

 3-D object in space > 2-D image on retina > 3-D perception in brain > 2-D line drawing on paper.   

 

The process is complicated and not nearly as straight forward as capturing 3-D images with a 

camera. The person drawing must have the ability of dismantling from 3-D form to surface.  

Based on Kopfermann’s stimuli (Kopfermann, 19930 p. 298), he explains the simpler shapes are 

more powerful to be captured but 2-D projection from 3-D shapes needs to be complex for 

better recognition. 
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The aspects of complex shapes may allow the reconstruction of 3-D shapes independent of the 

shapes of the parts. Demonstrated how the perception was changed depended on viewpoints of 

cube. Drawings (b), (c), (d) are more like a 2-D pattern while (a) looks like a 3-D cube. 

 

 
 (a)   (b)   (c)   (d) 

Figure 1. Presenting same cubes by different views. 

 

His theory may explain that the projected continuous lines are essential for drawing 3-D objects 

but it might be helpful to understand that independent shapes are not symmetrical and complex 

changes with differing view-points. 

 

The planarity 

The concept of “The planarity” introduces the idea of inventing a tool for helping ID students to 

understand how to perceive a 3-D form in order to better create a 3-D perspective drawing. It is 

very important to understand the structure of the 3-D object and how a 3-D form is built by 2-D 

surfaces. It creates a bridge linking the real 3-D object to the 3-D perspective drawing on 2-D 

paper. The accumulated 2-D layers with contour lines will project the Illusion of 3-D form and 

the layers will be interpreted into the idea of the planarity.  

 

Research performed by visual psychologist, Zygmunt Pizlo, mentioned that the cross section of 

an object that is a single 2-D image of the 3-D object is critically important to understand 3-D 

form. Also, “Planarity allows the visual system to perceive the object as having the same shape 

when viewed from different viewing direction" (Pizlo, 3-D form, p. 149, 2008). 

 

Any perspective image of an object consisting of planar faces permits a 3-D reconstruction of an 

object with planar faces. It is very important to realize that planarity of some contours, as well 

as planarity of the axes of these generalized cones, substantially restricts the family of 3-D 

shapes that are possible interpretations of a given 2-D image (Pizlo, 3-D form p. 152). From an 

industrial designer’s perspective, they usually describe forms not only concerned with achieving 

a photo realistic look but also physically and logically to be correct, proven by many projected 

construction lines with the purpose of simulating a real 3-D world and better communication of 

3-D form. While learning drawing, they practice a lot of times to understand the process of 

projecting 2-D orthographic shape into 3-D perspective surfaces by construction lines. The 

process of drawing construction lines to figure out rectangle plane can be applied into the 

process of planarity.   

 

Product Drawing 

Drawing for industrial designers is necessary to be formulation and codification (Alan Pipes, 

2004). Their drawing is circulated on paper and simulates a real 3-D object. Their objective of 

drawing is for communicating their ideas and solution. Usually their first drawing assignment in 

ID education consists of cubes and primary shapes. A cube is the greatest object to learn the 
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structure of surfaces with direction (x, y, z). It also stimulates the brain where visualization will 

begin and shows how ideas develop through cubes. They try to figure out how the cube can be 

applied to create poly-shapes. The relationship between drawing ability and simple cubes are 

very close. Amazingly, cubes can be developed into many organic forms depending on what 

shapes are generated inside of the cubes. So, industrial designers believe if a person can draw 

cubes well, he or she can then draw every form and shape.  

 

 

 

 

 

 

 
Figure 2. The process of form development from the beginning of the cube stage. 

 

Figure 2 shows the transition of how a 3-D form may be developed by cubes. The cubes guide 

where the construction lines should be and ensure the drawing has correct perspective. 

 

 

The proposed tool for ID student. 

This experimental idea was inspired by the method used in 3-D modeling programs to build 3-D 

form from 2-D lines. In comparison to some 3-D modeling programs, this method takes a similar 

approach to the process of building form. First, 2-D lines are constructed on same plane. 

Second, a surface tool is used to build 3-D surface by 2-D lines. Third, poly surfaces are 

composed to produce a 3-D solid form. This digital method may be applied into the real world 

by corresponding the concept of “planarity" (page 4).  

 
Figure 3. A teaching tool developed that has clear planar plastic plate with grids. Each plane can 

be assembled and disassembled in the directions of x, y, z. (Ahn, Sang-gyeun, 12x12x 24, clear 

acrylic cut by laser cutter, 2010). 
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Figure 3 shows the suggested educational tool for learning how to draw perspective drawings 

and additionally used for understanding the transition to a 3-D computer model.   

 

The cube perpendicularly assembled by many clear plastic plates is used to improve students’ 

abilities in 3-D and 2-D perception (Figure 2). It has multiple contour lines on stackable layers 

aligned in the directions of X, Y and Z axis in order to project the outline of objects as well as 

providing better comprehension of 3-D volume and depth because it provides contour lines that 

viewers can see through. 

 

This tool has several planes intentionally oriented with same length of gap that reduces 

complications from many disordered directions because the consistent direction of contour lines 

aligned on clear plastic prevents it from disorienting contour lines and random contour lines. If 

students can understand how to translate form from projected 3-D object that is consisted of 

many stacking layers with contour lines, they can then comprehend how the solid 3-D form can 

be converted into a 2-D shape in each layer (see figure 4.) 

 

 
   (a)              (b)            (c) 

Figure 4. This picture shows a demonstration of converting 3-D images to 2-D images. Computer 

model is shown with cross-section (a). Cross Section with X, Y, Z directions in computer 3-D 

interface shown as real physical planes (b) will be helpful in understanding the structure of an 

object they want to explain visually. After adding many layers, it is easier to see the detail 

volume clearly and virtual shading for structure (c).  

     

Conclusion 

The advantages of using this application are as follows: 

• Creates numerous contour lines aligned by perpendicular directions in x, y, z  

• Shows the transition of 3-D and 2-D by using simple lines when 2-D layers are assembled 

into a complete 3-D cube where the 2-D profiles are staked.  

• Provides a readable 3-D perspective image with the independent shapes of 2-D profiles on 

each layer.  

• Explains in a simple and straight forward manner how 3-D form and 2-D shapes are 

connected 

• Gives students the opportunity to draw directly on the surface of plastic sheets that already 

are assembled into a big chunky cube.  

• Simulates drawing in 3-D space rather than on paper where a limited 2-D environment is 

occupied 
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• Offers different perspective by different orientation with sufficient shape constancy 

• Interacts directly with viewers whenever they change viewpoints so that they can learn how 

the perspective image is changed with respect to a changing viewpoint 
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