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Abstract Students often experience difficulties in developing an adequate understanding of how to
solve engineering graphics problems using traditional teaching methods. Application of an explicit
problem-solving technique to graphics problems can help students to understand the solution strategy.
This method reinforces the details of the process, enabling students to apply the same techniques to
more complicated problems. The problem-solving heuristic involves devising and evaluating a solution
plan before it is implemented. Without such a solution plan, students are more likely to rush into an 
ill-conceived solution design without any meaningful preliminary thought. By considering a detailed
solution plan for even simple problems, students should gain an in-depth understanding of the class
material. This paper presents and discusses the implementation of a problem-solving approach to
engineering graphics, which can be applied to both drafting and computer-aided design (CAD)
exercises. Preliminary results indicate that students’ skills at solving engineering graphics problems
improve as a result of implementing a structured approach towards developing a solution plan.
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Introduction

The introductory class in many engineering programs covers principles of engi-
neering graphics [1] and introduces engineering design. Though problem solving is
considered an important aspect of the design process, it is often perceived as an
abstract concept which is difficult to teach and assess. However, a problem-solving
heuristic, which has proven successful in helping students learn to evaluate and solve
computer programming problems [2], has been extended to help students understand
and evaluate engineering design problems [3]. In engineering graphics and design
textbooks, problem solving is typically mentioned only in introductory chapters
about design; however, students should be able to apply relevant parts of this method
to graphics problems in order to better understand how these types of problems are
solved.

The engineering design and graphics course (ED&G 100) at Penn State Berks–
Lehigh Valley College exposes beginning engineering students to conventional
drafting techniques, computer graphics and engineering design. The typical class
consists of mostly first-year with a few second-year students and spans a wide range
of previous experience in engineering graphics. Throughout the fall 2000 semester,
a class of 17 students, which was taught by the first author, included integrated
problem-solving exercises in different aspects of the course.

Since students come from a variety of backgrounds, some had significant draft-
ing experience during high school, while others had none at all. Towards the end of



the graphics component of the course, most students had mastered the basic princi-
ples of orthographic projections, but several students did not demonstrate adequate
knowledge of even basic principles. These students were able to determine solutions
to simple problems during class when they could consult with each other an obtain
help from the instructor. However, they were not able to explain why they would
attempt a particular solution to the problem presented, had difficulty solving prob-
lems by themselves on a test and could not solve more complex problems. By uti-
lizing a solution plan and design, students would learn the detailed steps required 
in the solution process and be able to apply these steps to a variety of problems. 
Preliminary studies show that this method could help students learn how to apply
basic techniques and, hopefully, gain a better understanding of solving these types
of problems.

This paper will first discuss the problem-solving heuristic in general. Then, imple-
mentation of this method in an ED&G 100 section during the fall 2000 semester is
explained for engineering graphics and solid modeling problems. To examine the
effectiveness of these problem-solving exercises, the ability of these students to
solve graphics problems is compared with that of a section that was not exposed to
extra problem-solving exercises. Finally, some ideas for improving the application
of this problem-solving heuristic to engineering graphics exercises in the future are
presented.

Methodology

A problem-solving heuristic, used very successfully in introductory computer
science classes at the New Jersey Institute of Technology (NJIT) [2], can be adapted
to the needs of engineering students. The heuristic consists of five stages: formulat-
ing the problem, planning the solution, designing the solution, testing the solution,
and delivering the solution. These stages are based on a four-step method proposed
by George Polya in 1945 [4]. Formulating the problem involves developing a well
defined description of the problem statement. In planning the solution, alternative
solutions are examined. Then the problem is decomposed into subproblems, and all
relevant parameters from the original problem description are associated with each
subproblem. In the third stage, designing the solution, the description of each sub-
problem is refined, and further decomposition is performed, and a plan for solving
each of the subproblems is identified. Next, in the solution-testing stage, the solu-
tion plan is carried out, and the results are analyzed for correctness, reliability and
efficiency. Finally, during solution delivery, the solution and any other necessary
information are organized, documented and presented for future reference. At any
point in the process, modifications to previous steps may be made. For instance, the
solution-testing step often shows that modifications are needed in the solution plan-
ning, design, or problem formulation. This problem evaluation and feedback is an
essential step in realizing an acceptable solution.

In engineering graphics, unlike engineering design problems, the problems is
often well defined. However, students greatly benefit by applying the other steps,
especially solution planning, design and testing, to graphics problems, such as ortho-
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graphic projections. In practice, students resist using a problem-solving heuristic. 
In particular, the responsiveness of the computer seems to encourage students to
attempt a solution without having a well thought-out plan. Therefore, any solution
planning prior to implementation of a solution assists students in completing an
assignment. Instead of requiring students to use the formal problem-solving heuris-
tic, an informal methodology, which should be less intimidating to students, is
encouraged. Students are simply instructed to clearly define the problem and
describe their solution method verbally. When students are sufficiently motivated to
apply this type of methodology, they produce more accurate solutions. In addition,
the instructor can more easily resolve student misunderstandings. Students are
encouraged to use their own creativity when implementing this problem-solving
heuristic, so that this type of assignment would hopefully appeal to all students, not
only those who prefer learning styles addressed by standard teaching methods [5].

Implementation

In the drafting component of the course, the students are expected to learn how to
solve orthographic projection problems. These problems involve an incomplete
three-view drawing of an object (top, front and right-side views, typically), and the
student must draw either one missing view or missing lines on one or more views.
Often a three-dimensional representation of the object is not given in the problem
statement. Each feature of the object is usually uniquely defined in two of the views,
requiring students to examine aspects of both these views and correctly use the infor-
mation to draw the third view. At the beginning of the semester, the problem-solving
component is introduced by attempting to have the students evaluate and describe
each individual step as they work on the problem. Ideally, they use their written solu-
tion to make sure the three drawings are consistent and, thereby, verify their answer.

Initially, students found the process too tedious, time consuming, and not very
useful. Some students either already knew or learned enough of the basics to give
answers that appeared to be good enough on almost all problems, so they were not
motivated to apply a problem-solving procedure. Those students who had more dif-
ficulty solving these types of problems were not able to explain the steps in their
solution method, even for those steps performed correctly. By describing verbally
how they work out the simpler problems at the beginning of the semester, students
should be able to learn why they should draw lines in particular locations and, there-
fore, better understand the method involved in solving these types of problems.

To test these ideas, the students were offered an extra credit opportunity after their
final drafting test. First, they were given the homework assignment shown in Fig. 1
and the solution method in Fig. 2 to give them an example of a (partial) structured
written solution plan and to show how it could help them obtain the correct solu-
tion. Fig. 2 is an example of one type of written solution, and most students fol-
lowed this example rather than changing it to fit their individual styles. Then, a week
later, for extra credit points on their test grades, they were given two orthographic
projection problems to work on during class time. In order to obtain partial extra
credit points, they were required to provide a written solution. Though extra credit
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points on the quiz were thought to provide enough motivation to persuade most of
the students to attempt the problems, only seven students actually started working
on these problems. Of those seven students, two gave up after 5 or 10 minutes, two
turned in only their answers, and the remaining three students did turn in answers
with written solutions.

The written solutions to these extra credit problems demonstrate an increase in a
few students’ understanding of the solution of orthographic projection problems. As
an example, the solutions to the two extra credit problems turned in by the student
who received the lowest grade on the test are shown in Fig. 3. In an attempt to
improve poor test grades, this student was motivated to try the problem-solving
methodology. The student’s solution to first problem, shown in Fig. 3a, is almost
correct, which is probably a result of the written plan provided by the student. This
solution demonstrates a greater understanding of orthographic projections than the
student’s answers on the test. For the second problem (Fig. 3b), the written plan is
much sketchier, and, as a result, the student’s solution to the first problem is closer
to the correct answer than the solution to this problem. In addition, as a result of the
student’s written solution design, the instructor can more easily help the student
understand mistakes, and, therefore, correct them in the future. For instance, in Fig.
3a, the student can be shown that point R, as labeled by the student, is not consis-
tent between the front and the top views, and that discrepancy directly led to the
student’s error in the problem solution. In Fig. 3b, the labels placed on the drawing
by the student can be helpful when trying to visualize the three-dimensional object.
Point C can be used to illustrate why the horizontal line drawn by the student in the
lower half of the side view does not extend across the entire object. This brief exer-
cise indicates that convincing students to evaluate and verbalize solution steps to a
problem could prove to be a beneficial learning technique.

Fig. 1 An orthographic problem given in the class.
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A similar exercise was presented to a second section of this course, who did not
have any prior problem-solving exercises. These students were also given the
problem in Fig. 1 and the partial sample solution in Fig. 2; the problem was com-
pleted during class time as an introduction to this type of problem-solving method.
Then they were given another orthographic projection problem and asked to think
about and write a solution plan for it. Most students tried to find a solution to the
problem and then verbalized the steps. Some students were able to solve this problem
correctly. However, many students worded out an incorrect answer and then com-
plained about having to provide the written information about the solution steps,
with comments such as ‘Is this a problem?’, ‘This is not the way I do the problem’,

Fig. 2 An example of one type of a partially completed written solution.
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and ‘This is verbal, and I am a visual thinker’. In reference to the last comment,
they had been instructed that Fig. 2 is one example of an adequate solution but that
they could use any other method they chose. One or two students used the infor-
mation given to sketch a three-dimensional representation of the object, which was
used to produce an answer to the problem. Two typical student solutions from this
class are shown in Fig. 4. These solutions do not contain the same specific infor-

Fig. 3 The solution provided by the student with the lowest grade on the rest to two
orthographic projection problems using an informal problem-solving methodology.
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mation about constructing the solution and references to specific points on the
drawing that are found in Fig. 3a. In addition, since these students did not label any
points in the original drawing, clearing up any misunderstandings would be more
difficult. On the other hand, the detailed solution plan in Fig. 3a demonstrates an
understanding of the basic method used to solve the problem. A student who can
produce such a plan should do better on a test than a student who cannot, though a
more complete study still needs to be done to better determine the value to the
student of these problem-solving exercises.

Since splitting up a larger problem into smaller subproblems is the essence of 
creating solid models, students were asked to provide a written solution design for
several solid modeling assignments before implementing them on the computer [3].
By separating the solution procedure from the implementation in AutoCAD, 
students could concentrate on the problem-solving aspect of the assignment before
worrying about exact AutoCAD commands and syntax. Three-quarters of the stu-
dents mentioned that this procedure was helpful, while less than one-quarter found
it a waste of time. Both sections of this class were then given the same solid mod-
eling problem, and the students were asked to provide a written solution to the
problem. Every student in the section which included problem-solving exercises was
able to develop a solution design in which each step could be readily translated into
an AutoCAD command, as shown in Figs 5 and 6. Several students in each section
gave the simplest solution to the problem, but the sample solutions shown here are
from students who were not near the top of the class.

Fig. 4 Examples of solutions to an orthographic projection problem by students in the
control class.
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These written solution plans help to differentiate between difficulties in the logic
behind the solution and using the correct AutoCAD command with the correct
syntax. For instance, in Fig. 5, the student refers to a ‘triangle’ and the command
‘trim’, which are two-dimensional commands and would not be applicable to a three-
dimensional solid model. This type of exercise indicates that the instructor needs 
to review the difference between the ‘trim’ command and Boolean operators. Two
other student solutions are shown in Fig. 6. Not only are these solutions reasonably

Fig. 5 Solution to the solid modeling problem on the quiz, by the same student as in 
Fig. 3. Isometric figure from Leach [8].
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detailed, but students also have given a reason for doing many of the steps, which
shows a greater degree of understanding. For instance, in Fig. 6, the students says
‘To build the base’, demonstrating that the student is able to divide the problem into
subproblems and tackle each subproblem.

In the second section of this course, most of the student solution plans were not
as easily translated into AutoCAD commands, because their solutions skipped steps
or contained steps that corresponded to several solid modeling commands, as shown
in Fig. 7. The students in this section were less likely to give specific numbers in
their solution plan and instead to use vague phrases, such as ‘observed dimensions’
(Fig. 7b). In addition, statements such as ‘Draw a small box under the larger and
subtract it’ (Fig. 7a) and ‘subtract wedge from bottom of object’ (Fig. 7b) will not
give the desired result if directly implemented in AutoCAD. With some practice,
these students would probably produce as detailed a solution as students in the first
section. However, the creation of the more detailed solution plan should enable the
student to more effectively solve a problem. This conclusion is especially supported
by the student example in Fig. 3, though a more thorough study is needed.

Discussion and recommendations

To address the students’ reluctance to spend time applying the problem-solving
heuristic, a guided instructional approach, such as that suggested by Woods et al.

Fig. 6 Two additional student solutions to the solid modeling problem.
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[6], could be implemented. In the design component of the course, a guided instruc-
tional approach assisted students in formulating the problem statement [7]. Without
the guided instructional approach, students gave a very vague description of the
problem statement, such as ‘The cart is unsafe’. With the guided instructional
approach, students gave a more specific description of the problem statement, with
responses such as ‘The cart tips easily’. The latter response gives a more specific
indication of the problem to be solved, and, therefore, helps identify a solution.

For example, at the beginning of the drafting lessons, students would be given a
worksheet to accompany even simple orthographic projection problems, with ques-
tions such as, ‘Explain how you chose the distance between vertical lines A and B
in the top view. Refer to labeled points and/or lines in the front or side view in your
answer’. An example of a part of a worksheet which could accompany Fig. 1 when
using a guided instructional approach is shown in Fig. 8. These types of questions

Fig. 7 Solutions to solid modeling problem by students in the control class.

Fig. 8 Example of a worksheet using the guided instructional approach to help students
develop a solution design for the problem in Fig. 1. The intended answers are shown 

in italics.



would require students to explain the solution method they are using without going
through the effort of a detailed written solution from scratch. If they can explain
how they solve a particular problem, they are more likely to be able apply the method
to other problems. These solution plans could also assist the instructor in address-
ing misunderstandings that exist and reinforce the solution method so that the stu-
dents are more likely to have a better understanding of the material.

By applying this method from the beginning of the semester, students would have
more practice verbalizing a solution plan, which would help them become 
more capable problem solvers. Ideally, they would be able to easily apply the same
principles to different types of problems, such as the drawing of auxiliary views,
without any difficulty. In this class, the students perceived auxiliary views as a 
different type of problem and did not immediately understand how to apply the 
basic principles of orthographic projections to this new type of problem. If this
problem-solving method had been presented very early in the course, one test of its
success would be to see if students could apply the same basic principles to new
problems.

Summary

A problem-solving methodology which helps students understand and solve engi-
neering graphics problems was presented. This technique has had some preliminary
testing in the classroom using orthographic projection and solid modeling problems.
Although this method needs to be tested with a much larger group of students, initial
results, as demonstrated by several student examples, show that students who have
been exposed to this problem-solving methodology are able to provide a clearer solu-
tion plan to these types of graphics problems. In addition, a descriptive written solu-
tion seems to help students provide a correct answer to the problem. Most students
said that they found these exercises helpful for completing the assignments.
However, they were also resistant to the additional effort involved in the prelimi-
nary solution-planning steps.

To improve the implementation of the problem-solving methodology, an informal
problem-solving technique should be introduced at the beginning of the course.
Perhaps a worksheet that uses a guided instructional approach and accompanies
assigned problems would encourage students to evaluate the solution plan they use
to solve the problem. After considering a solution plan for just a few assignments,
students would hopefully have a better understanding of how and why they perform
each step in their solution procedure, and they would be able to utilize the same
techniques for a variety of problems.
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