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Abstract 
 
As students enter college, their ability levels vary widely from one student to another.  For a 
large segment of these students, visualization of 3D objects is, at best, difficult.  This difficulty 
poses a serious obstacle to the students grasping the concepts on engineering graphics.  Both 
orthographic projections and pictorials, not to mention sections, are difficult to comprehend if 
one has no true concept of the object to be drawn. 
 
One method to aid these students is to construct physical models of objects, thus allowing the 
visual learners to see, feel, and touch the models of the objects they are trying to draw.  While 
this is a wonderful aid to learning, it is not feasible to construct models of each and every object 
which would be used in a freshman level introductory graphics class.  This would necessitate 
about 50 models being created, just to have one copy of each object depicted in the class.  If the 
plans were to have each student (or maybe each group of 4 students) have a copy of the model 
then the numbers grow rapidly. 
 
As an alternative to this approach, it is possible to create virtual models of the basic objects using 
computer models and exporting these as VRML files.  This allows the students to see the objects 
and move about them to get the concepts of the actual 3D parts.  These models can also be 
animated to allow the various parts to move with respect to one another, thus allowing the 
students to get a better mental image of the objects they are to be drawing.  This paper will 
discuss the basic creation techniques used at Texas A&M to make virtual models of the objects 
used in ENGR 111 and ENGR 112 (Foundations of Engineering 1 and 2) and how they were 
utilized in the classroom. 
 
Use of Physical Models 
 
To assist the visual learners, physical examples should be used whenever possible.  For the 
engineering graphics this would involve the creation of actual models of the examples used.  
This would allow the visual learner to actually see the object and the tactile learner to hold and 
feel it.  Using these models will maximize the chance for people with these learning styles to 
retain and learn the subject matter. 
 
From an academic point of view this is an excellent method to use, there are problems 
implementing it.  These center around the time required to manufacture sufficient models to 
equip an entire program, the cost of such an undertaking, and the difficult of storing the models.  
At Texas A&M we have about 2000 freshmen engineering students divided into classes of 
roughly 100 students each.  There are potentially three of these classes (ENGR 111 and 112) 
running concurrently thereby requiring sufficient models for 300 students.  Even if we provide 

P
age 5.705.1



only 1 model per 4 students (the classes are divided into four-person teams) this would still 
require 75 copies of each model. 
 
An alternative to using physical models is to use virtual models to allow the students to view and 
manipulate the models electronically.  This provides many of the benefits of physical models as 
well as some additional ones.  Students can now be given access to the models 24 hours a day by 
using the world wide web. 
 
Construction of Virtual Models 
 
VRML models were created of the objects used for the students semester drawing projects.  For 
the first semester class this was a swivel base (see figure 2) and for the second semester a shroud 
end fitting was used (see figure 1).  These were chosen because they are very similar, thus 
allowing the students to be more comfortable during the second semester when they were 
expected to use AutoCAD to produce the drawings, while during the first semester the execise is 
performed by sketching. 
 
The VRML’s of the objects were created by exporting the AutoCAD Drawings (.dwg) into 3D 
Studio Max. Next, materials were applied, lights adjusted or added and cameras set up to control 
the view. The assembled shroud and swivel base were animated at the pivot pin. The swivel base 
is also given a Y-axis rotation to demonstrate multiple animation schemes. It was required to 
create a camera for each drawing and use this as the VRML output. This was necessary to bring 
the scale of the image down to a reasonable size for viewing. The images were given a final 
adjustment by using a VRML editor. 
 
Utilization of the models in the classroom 
 
Each of our classrooms are equipped with 50 computers (that is one per two students) and all 
course materials are prepared using powerpoint and exported to HTML files for the students to 
access via the world wide web on these computers.  These materials can be examined on the 
Texas A&M freshman engineering home page at http://engr111.tamu.edu.   

Figure 1 Figure 2 
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During the Fall 1999 semester the only models which were made available to the students were 
the drawings used in the semester drawing project.  In both classes (ENGR 111 and 112) the 
objects were included in both the assembled and unassembled views.  The assembled versions 
were animated to demonstrate the degree of motion and the actual working of the design.  The 
illustrations of the assembled versions are shown in figures 1 and 2 and the exploded versions in 
figures 3 and 4. 
 

By referencing these models the students can better understand the objects they are trying to 
document, either in orthographic projection or by creating solid models of the parts. 
 
Future Work 
 
During the Spring 2000 semester the use of VRML file in our basic engineering class will 
expand dramatically with many of the basic objects which are used in the early stages of the 
class being made available to help students bridge the 2D/3D gap.  This will allow all students to 
see, move around, and almost even touch the models to help them understand the physical nature 
of each part.   
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