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Abstract

Many engineering and engineering technology programs require their seniors to take the capstone design
courses to graduate. Also, the courses are required by accreditation bodies, like ABET and others, for
those programs to be recognized. During the capstone design course, students are expected to apply
everything they learned from the inception of their study. Students in the Aeronautical Engineering
Technology program at Purdue University are no exception to this rule. They possess hands-on technical
and engineering skills with aerospace vehicle systems; they are able to think critically and manage
projects along with the foundation of a broad academic education. However, the students have difficulty
adjusting or accepting the fact that their projects during the senior capstone design courses may change
in the process, including the end goal and scope. The purpose of this paper is to examine if previous
experience with collaborative problem-based “real life” projects alter students’ tolerance for ambiguity.
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1. Introduction

Problem-based learning (PBL) is widely used in engineering programs across the world. Students work in
teams, preferably multidisciplinary, on real-live complex problems. To mention some examples, PBL can
be found in the undergraduate curriculum in Aeronautics and Astronautics at Massachusetts Institute of
Technology, where a multitude of engineering courses, from freshman to senior offerings, is based on this
approach. The students design, build, and test radio-controlled lighter-than-air vehicles as well as
complex space systems [1]. All students at the Department of Civil Engineering and Construction at
North Dakota State University are required to complete a departmental capstone course [2]. Ellis
described two case studies on problem-based projects in computing [3]. In this case, structured lectures
are replaced with open-ended problems, where multiple possible solutions exist. The role of the educator
is changed: instead of a lecturer, he or she becomes a facilitator [4]. The students engage in reflections
and this guides them to higher-order thinking [5]. However, PBL has its difficulties. For example, the
seniors of the Department of Aviation Technology’s Aeronautical Engineering Technology (AET)
program struggle with sudden and unexpected changes in their capstone design projects. This often
becomes a “stumbling block” in finishing a project. Thus the ability to tolerate ambiguity is one the most
necessary skills in engineering in general. It is even considered to be an important requirement for an
engineer [6], and if the student doesn’t possess it, he or she is not prepared to successfully practice
engineering.

2. Tolerance for Ambiguity and Research Design

Yurtsever describes tolerance for ambiguity as “the extent to which an individual feels threatened by an
ambiguous situation” [7]. People with high tolerance for ambiguity are able to make decisions where a
situation is not clearly defined. Tymula et al studied a link between adolescents and their risk behaviours
[8]. The researchers found that increased risky behaviour was not driven by risk itself but a higher
tolerance for unknown results (higher tolerance for ambiguity). The most known and used quantitative
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instruments to measure tolerance for ambiguity are Walk A Scale, Budner’s scale, Rydell’s scale, and
MacDonald [9]-[12].

The study was designed to identify and analyze possible effects of the design experience on tolerance for
ambiguity. A series of standard instruments was used throughout two semesters to discover change or
lack of it in the ability to tolerate uncertainty in design. The MacDonald’s scale (1970) was deemed most
appropriate for this purpose. To statistically analyze the data is still in the planned for the near future and
results might generalize the senior design course. However, those results will lack the personal
experiences of the students. To address this issue, a series of face-to-face interviews took place with the
approval of the Institutional Review Board (IRB). Personal identifiers were removed for this study to
protect the students’ privacy.

3. Results and Discussion

Analysis of data collected is presented in Figure 1:

MacDonald Survey Results
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Figure 1. MacDonald Survey Score vs. Frequency.

As noted on the graph, there were two well-defined peaks present, the highest one at the 7 point mark and
a smaller one at 10, with the maximum possible score being 20. One of the students with the most
common score (7), who we will call “Sam”, was interviewed, and results of this interview are presented
below. It is also worth noting that he was a Reserve Officers' Training Corps (ROTC) cadet and will be
serving in the military as an officer: “We’ll be officers, we’ll be in charge of a division right off the bat.”
At the beginning of the interview, Sam said that he was thinking of enrolling in the Purdue University
College of Engineering but “did not get in.” So he asked ROTC personnel for advice. They suggested the
College of Technology (COT):

“I looked into it, and it seemed more my thing just because it’s more hands on, and I'm
like, “I’m definitely going to reapply and try to go to that. And once getting into AET,



and after | think it was the second semester of my freshman year, we actually got our
hands dirty and greasy. I’'m glad I didn’t get engineering. This is where I belong.”

The idea of “getting hands dirty and greasy” resurfaced multiple times during the conversation. He really
liked “hands on” experiences. It also worth noting that Sam selected a highly ambitious and complex
project offered with no available mature technical solution at this period of time. Projects and teams were
not assigned by the instructor. The students had freedom to select their teammates and topics. His group
was the first to get organized and they decided to “tackle” the hardest and most ambiguous task.

During the interview, Sam stated at least twice that he does not like change. However, every time he
admitted that if a change happens, he is willing and able to adjust and “move forward”:

“In general, I don’t like change. | mean in everyday life, something changes. I’m like,
“Oh, now I’ve got to adjust.” But you know, | do realize that if nothing ever changes,
we’re not going to get anywhere.”

“So as much as I don’t like change, | have to adjust. I get settled on one thing, good
routine, and then something changes. It’s like all right. But that change is good. That’s
how we move forward, and with our project, we had to change our outcome. We’re
moving forward. Yeah. So how did we deal with these changes? Move forward.”

The whole concept of “moving forward” was evident throughout the interview. The word change was
used multiple times and it was almost always followed by phrases like, “let’s give it a shot,” “back up a
step,” “let’s back that up even another step,” “let’s look at it again,” “come up with new process” and so
on. He always looked at possible, and feasible, solutions, and did not complain about his teammates, lack
of time, etc. One line in his talk struck the author: “You’ve got to give and receive a little bit.” For the
researcher, it sounded like a good strategy to reduce complexity and to “move forward” to the end result,
which was, according to the conversation, very important to Sam. He is an achievement-oriented person,
who wants to see tangible results of his work and to be in control of a project:

“...we had a desired outcome we wanted, but as to how we get there, how we get to that
desired outcome is entirely up to us.”

“And although | loved [AT]308 [another, more structured course in the program], you
know, being able to say this is what you’re going to make, and going through and
saying, ‘I actually did this,” and then you’re going to another one where you kind of get
a better self-satisfaction of, ‘All right, I’'m going to make a rocket,” but | also came up
with how I’'m going to make that rocket. So it’s kind of you get a double effect of self
gratitude there.”

“We’ve got to move forward instead of just [doing] research after research. Let’s start
moving forward on it.”

“l think my experience is beginning to meet my expectations, which were to actually
take an idea and then just crunching that idea and use a certain process and hopefully
come with an end result.”

Another big thing for Sam was the ability and desire to work with other students in the team environment.
He talked at length about communication and its importance to achieve the end goal:

“So many places where we could fail. You know, communication being the biggest
one.”



“And a lot of it is group work, so there has to be communication skills, listening skills,
working with being able to give and take on your ideas. Some things — you know, |
really think it should be done this way, but everyone really thinks it should be done that
way.”

“So like let’s work with the other groups that are in the same project, and let’s put
something together.”

Sam also mentioned the word process many times. Sometimes it meant a learning process, sometimes a
manufacturing or design process. Even phrases moving forward, backing up, etc. have the flavour of
components of a process, but in each case it required a desirable outcome. Also, Sam expected a process
to morph over time and he anticipates this:

“So we actually have to design our own process, and that process changes depending on
new challenges that comes up.”

“I also did like [AT]308 because it helped us learn a process, set up a lathe, and then
okay, so we turn the piece down.”

“We’ve got to make a process.”

“In a way, when change comes about, you kind of have to not completely start over, but
go back to the beginning of all right, this is new. Gotta come up with a new process. If
we’re not — all right, the end result is different.”

“And | think my experience is beginning to meet my expectations, which we’re able to
actually take an idea and then just crunching that idea and use a certain process and
hopefully come with an end result.”

4. Conclusion

To sum everything up, Sam presented himself as an adaptive and open-to-change person, who also was
achievement driven. This conclusion contradicted how he perceived himself as person who “does not like
change.” Based on this finding, the author of this paper discovered that any survey results, except big
scale studies, ideally must be followed by series of qualitative methods such as face-to-face interviews to
better understand phenomena and to reach right conclusion.
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