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ABSTRACT

Pan, Rui. Ph.D., Purdue University, May 2014. Engineering Students’ Experiences and
Perceptions of Workplace Problem Solving. Major Professor: Johannes Strobel.

In this study, I interviewed 22 engineering Co-Op students about their workplace
problem solving experiences and reflections and explored: 1) Of Co-Op students who
experienced workplace problem solving, what are the different ways in which students
experience workplace problem solving? 2) How do students perceive a) the differences
between workplace problem solving and classroom problem solving and b) in what areas
are they prepared by their college education to solve workplace problems? To answer my
first research question, I analyzed data through the lens of phenomenography and I
conducted thematic analysis to answer my second research question. The analysis results
show that students experienced workplace problem solving in six different ways, which
are: 1) workplace problem solving is following orders and executing the plan; 2)
workplace problem solving is implementing customers’ ideas and satisfying customer
needs; 3) workplace problem solving is using mathematical and technical knowledge and
skills to solve technical problems; 4) workplace problem solving is consulting different
people and collecting their inputs; 5) workplace problem solving is using multiple
resources to draw conclusions and make decisions; 6) workplace problem solving is

exploration and freedom. Further analysis of the relationship between six ways of
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experiencing workplace problem solving resulted in a two-dimensional outcome space,
based on the extent to which students were involved in problem definition and
formulation and solution generation and selection. In this study, students identified and
discussed the differences between workplace problem solving and classroom problem
solving from six major aspects: 1) Workplace problems are different from classroom
problems in that they have less given information and different types of constraints. 2)
Workplace problems are different from classroom problems in that they are more
practical and the solutions are more realistic. 3) Workplace problem solving is different
from classroom problem solving in that it requires different knowledge and skills. 4)
Workplace problem solving is different from classroom problem solving in that the
professional engineering environment is different from the classroom setting. 5)
Workplace problem solving is different from classroom problem solving in that
workplace problem solving has less guidance. 6) Workplace problem solving is different
from classroom problem solving in that it has open-ended solutions. Students felt that
their college engineering education prepared them for workplace problem solving in four
major areas: knowledge of how to work and communicate with people, knowledge of the
problem solving process, software and computer skills, and technical knowledge.

The results of this study have implications for engineering education and
engineering practice. Specifically, the results reveal the different ways students
experience workplace problem solving, which provide engineering educators and
practicing engineers a better understanding of the nature of workplace engineering. In
addition, the results indicate that there is still a gap between classroom engineering and

workplace engineering. For engineering educators who aspire to prepare students to be

www.manaraa.com



X

future engineers, it is imperative to design problem solving experiences that can better

prepare students with workplace competency.
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CHAPTER 1. INTRODUCTION

1.1  Introduction

Problem solving is the central part of engineering work and engineering students
are expected to be problem solvers after graduation (National Academy of Engineering,
2004). For instance, ABET (2013) specifies the “ability to identify, formulate, and solve
engineering problems” (p. 3) as one important criterion for accrediting engineering
programs. The Royal Academy of Engineering (2010) emphasizes: “Engineering degrees
aim to provide a firm grounding in the principles of engineering science and technology,
while inculcating an engineering method and approach that enable graduates to enter the
world of work and tackle ‘real world’ problems with creative yet practical results” (p. 1).
Previous research indicates that workplace problems are different from traditional
textbook or classroom problems in many different aspects (Regev, Gause, and Wegmann,
2008; Weinstein, Gilchrist IV, Hebsch, and Stevens, 2002; Jonassen, Strobel, and Lee,
2006). For example, by interviewing over one hundred professional engineers, Jonassen,
Strobel, and Lee (2006) found some unique attributes of workplace problems including:
conflicting goals, various solution methods, different types of constraints, etc. Because of
this uniqueness, practicing engineering in the real world is different from solving
classroom problems in school. Yet, it is still not clear how engineering students

experience and understand workplace problem solving. Since students are expected to be
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engineering practitioners after graduation, it is important that they understand the nature
of problems that they will encounter in the workplace and the challenges they will face in
the real world. Therefore, in this study, I want to explore workplace problem solving

from the varied perspectives of engineering students.

1.2 Motivation

Not much research investigates how students experience and perceive engineering
workplace problems. Some of the existing studies which I have found suggest that
students might not have a clear picture of what engineering workplace looks like.
Research indicates that there is a lack of understanding regarding both engineering
practices and the engineer as a professional among engineering students, which leads
these students to be under prepared to work in the real world (Jocuns, Stevens, Garrison,
and Amos, 2008; Matusovich, Streveler, Miller, and Olds, 2009; Shuman, Delaney,
Wolfe, Scalise, and Besterfield-Sacre, 1999). Dissatisfactions expressed by industry
employers further confirm students’ under-preparedness. For example, feedback from
within the industry indicates that “graduating engineers need better preparation in solving
open-ended problems, thinking ‘outside the box’, working in teams, and in developing
strong communication skills” (Grubbs and Ostheimer, 2001, p. 1).

Because industry employers often detect students’ lack of workplace problem solving
skills, they encourage universities to emphasize the teaching and learning of those
practical skills (Grubbs and Ostheimer, 2001; Aanstoos and Nichols, 2001). Brumm,
Hanneman, and Mickelson (2005) proposed that one of the best ways to prepare students

with workplace competencies is experiential education, which could be broadly defined
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as “a philosophy and methodology in which educators purposefully engage with learners
in direct experience and focused reflection in order to increase knowledge, develop skills,
and clarify values” (p. 2). In the College of Engineering at Purdue University, one type of
experiential learning programs provided to engineering undergraduates is the Co-Op
program. Although previous studies indicate that the Co-Op program benefits students in
various ways (Garavan and Murphy, 2001), it is still not clear how students actually
experience and understand workplace problem solving. Therefore, in this study, it is my
desire to explore students’ experiences in workplace engineering problem solving and
their perceptions of the differences between workplace problem solving and classroom

problem solving as well as their preparedness to solve these problems.

1.3 Research Questions

The research questions which guided this study are as follows:
1) Of Co-Op students who participated in workplace problem solving, what are the
different ways in which students experience workplace problem solving?
2) How do students perceive a) the differences between workplace problem solving
and classroom problem solving b) in what areas are they prepared by their college

education to solve workplace problems?

1.4  Significance of the Study

The findings of this study have potential impact on engineering education and
engineering practice. The results could provide engineering educators with a better

understanding of the nature of problem solving and engineering workplace.
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Understanding how students experience and understand workplace problem solving could
offer guidance to help engineering educators design meaningful problem solving
experiences for students. Furthermore, the findings might be used to advise the design of

training program for novice engineers to facilitate their transition from students to

practicing engineers.
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CHAPTER 2. LITERATURE REVIEW

2.1 Characteristics of Engineering Workplace Problems

Workplace problems differ from traditional textbook or classroom problems in many
aspects. For instance, in classroom problem solving the specifications and scope of
problems are often well-defined before they are given to students, and solutions are either
known by the professor or can be found in the textbook (Regev, Gause, and Wegmann,
2008; Weinstein, Gilchrist IV, Hebsch, and Stevens, 2002). In contrast, workplace
problems are ill-defined and more complex than classroom problems.

In the literature, researchers have described workplace problems as “ill-structured
problems” (Jonassen, Strobel, and Lee, 2006) or “wicked problems” (Regev, Gause, and
Wegmann, 2008). By interviewing more than one hundred professional engineers,
Jonassen, Strobel, and Lee (2006) concluded that workplace problems are viewed as ill-
structured because they have, among other things, conflicting goals, various solution
methods, and different types of constraints; these authors then pointed out that solving
workplace problems requires comprehensive collaboration and teamwork. Buckingham
Shum, MacLean, Bellotti, and Hammond (1997, p. 274) listed some prominent features
of wicked problems:

e Cannot be easily defined so that all stakeholders agree on the problem to solve.
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e Have no clear stopping rules.

e Have better or worse solutions, not right and wrong ones.

e Have no objective measure of success.

e Require iteration—every trial counts.

e Have no given alternative solutions—they must be discovered.

e Require complex judgments about the level of abstraction at which to define the

problem.

e Often have strong moral, political, or professional dimensions that cannot be

easily formalized.

A complete summary of the unique attributes of workplace problems and classroom

problems, illustrating how they differ from each other, is presented by Regev, Gause, and

Wegmann (2008, p. 87) and is shown in table 2-1.

Table 2-1 Comparison Between Workplace Problems and Classroom Problems (Regev,
Gause, and Wegmann, 2008, p. 87)

Experience Classroom Workplace
[1l-defined. Half of the challenge is just
Problem definition | Well defined. defining the problem. Often, in fact, a
solution is implied by a mutually
acceptable definition.
Strongly indicated by

Problem approach

most recently
presented classroom
material. Problems
tend to be carefully
compartmentalized to
reinforce specific
methodologies.

Few hints as to how to approach the
problem. In small companies, there will
likely be no one to go to for help. You
will, nearly always, be required to

go beyond past studies and methods and
may be required to invent new methods.
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Table 2-1 Continued.

Problem solution

Professor always knows
the solution. If

the problem is an odd
numbered problem,

the solution is in the
back of the book.

A solution to the problem will only be
apparent when it has been accepted by
management.

Problem scope

Many problems are
“scoped” so that they
can be solved by one
person (student) in a
few days or weeks.

The scope of the problem will not be
recognized and you will be expected to
produce the resources and time
necessary to achieve the end result. In
general, problems require a team of
several people working over a period of
many months.

Social environment

Working as an
individual with implied
competition.

Working as a team member, cooperation
being essential.

Information levels

Accurate, well defined,
explicitly stated.

Vague, unrecognizably ambiguous.
Occasional hidden agendas. Credibility
of the source and timeliness of the
information is always an issue.

Solution methods

Given by an authority
figure, usually to
reinforce material
recently presented.
Veracity and efficacy
never an issue.

May have to invent a new method as part
of the problem solving process.
Authority figure often projects his/her
solution as the method of approach.

Design team

Same group of members
from beginning to end
of project (14 weeks).

New members join the team and old,
experienced members leave the team,
sometimes at the worst possible times.

Stability of
problem
statement

Once stated, the
problem statement is
rarely, if ever changed.

The problem statement changes
frequently as new information becomes
available and new clients are brought
into the picture.
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Table 2-1 Continued.

Some documentation but much critical

. Heavy use of well- information is conveyed in “expedient” verbal
Information . .
documented, written (sometimes, off-hand) forms such as one-on-
channels . .
form. one meetings, telephone and other informal

conversations.

Conlflict with authorities
is strongly discouraged.
Conflict with colleagues
is

best ignored as it will go
away in 15 weeks.

Conflict with authorities is strongly
discouraged. Conflict with colleagues is best
ignored as it will go away by project end.

Conflict

By interviewing 17 newly hired engineers, Korte, Sheppard and Jordan (2008) identified
four subthemes describing the problem solving process in engineering workplace:
“organize, define, and understand a problem; gather, analyze, and interpret data;
document and present the results; and project-manage the overall problem-solving
process” (p. 6).

Although much research has been conducted on the subject of workplace problems, how
such problems are experienced and understood by college engineering students is still
unclear. As students are expected to be problem-solvers within the engineering workplace
after graduation, it is important that they understand the nature of the problems they will

encounter and the specific challenges they will face in the real world.

2.2  Knowledge and Skills Needed to Solve Workplace Problems

Because workplace problems are different from classroom problems, practicing
engineering in the real world differs from solving problems in the classroom. For

example, in the classroom the knowledge and skills required to develop solutions are
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often closely related to what is taught; therefore, students are often passively waiting for
the instructor to teach a specific method for solving a designated problem. In the real
world, however, they have to explore the problem space and discover all of the relevant
information by themselves (Regev, Gause, and Wegmann, 2008).

Moreover, although previous literature indicates that engineering students have a good
technical background because of their college education (Weinstein, Gilchrist IV, Hebsch,
and Stevens, 2002), the complexity of the engineering workplace problems and the level
of professionalism involved in real world engineering practice require that engineering
graduates are equipped with a broad knowledge base and skills—rather than technical
competencies alone—in order to succeed in performing real world engineering tasks.
Chatarajupalli, Venkatswamy, and Aryasri (2010) listed a set of specific problem solving
skills needed in the workplace, which included: “drawing on the subject knowledge used;
applying a variety of tactics and heuristics; monitoring and reflecting on the process used;
having an overall approach that applies fundamentals rather than trying to combine
various known solutions; being organized and systematic, and yet being flexible” (p. 107).
Another summary of real world skills compiled by Ropella, Kelso, and Enderle (2001)
included “critical thinking; team work; interpersonal skills; group decision-making;
analytic and problem-solving mechanism; oral and written communication (including
selling ideas, and formulating and presenting an argument)” (p. 2).

In summary, solving engineering problems in the real world requires a broader skill set,
compared with problem solving in the classroom. In order to better prepare students to be

professionals in the workplace after graduation, it is important for engineering educators
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to ensure that students understand the exigent challenges in the real world and are

equipped with the essential knowledge and skills required by the engineering profession.

2.3 Students’ Perceptions of Engineering Workplace Problem Solving

Not much research has investigated students’ perceptions of engineering workplace
problem solving. Some of the existing studies I have found suggest that students might
not have a particularly clear sense of what the engineering workplace looks like.

Shuman, Delaney, Wolfe, Scalise, and Besterfield-Sacre (1999) claimed that first-year
engineering students often suffered from a lack of information about both what the field
of engineering is and what engineers do. A similar idea was proposed by Au, Bayles, and
Ross (2008), who studied chemical engineering freshmen and claimed that those students
came into the field of chemical engineering with little understanding of their major and
what type of work they would do in the future.

Because first year students do not have a lot of knowledge about engineering, one might
expect that graduating engineering students would have gained a better understanding of
the field of engineering. However, previous research indicates that this might not be the
case. Jocuns, Stevens, Garrison, and Amos (2008) studied how students’ perceptions of
engineering and of engineers changed during their undergraduate years. They found that
students often came to engineering with vague notions of what defines a “good engineer,”
and a large proportion of students developed this idea based on their high school
experiences. With more exposure to engineering over time, students will gradually
develop more precise images of what is required of a good engineer. Jocuns et al. also

found that “students’ workplace images changed from being hopeful expectations in early

www.manaraa.com



11

interviews and later years’ responses becoming more mundane/less high status” (p. 6),
which was closer to what happened in the real world, as young engineers discovered
when they progressed in the field. Unfortunately, not all the students in the study of
Jocuns et al. were able to reach a clear understanding of workplace engineering. The
study showed that there were students whose hopeful images were never altered, and as a
result they graduated from engineering without an idea of what the actual workplace
should look like. Similar findings are shared in work presented by Matusovich, Streveler,
Miller, and Olds (2009). They collected data over a four year period with 10 students to
examine these students’ perceptions of themselves as engineers, and they summarized
that students’ views of themselves as future engineers were of “being good in math and
science, being good communicators, being good at teamwork and enjoying activities they
believe engineers do, doing problem-solving and having/applying technical knowledge”
(p. 1). However, three out of 10 participants in their study were uncertain about what
engineering is and what it means to be an engineer even when they already completed

three or four year engineering education in college.

2.4 Industry’s Perceptions of Students’ Preparation for Workplace Problem Solving

Today, over two-thirds of engineering students advance into the engineering industry
immediately upon graduation (Ropella, Kelso, and Enderle, 2001). However, are those
students prepared with an adequate skill level to meet the demands of the industry and to
survive in real world engineering?

Weinstein, Gilchrist IV, Hebsch, and Stevens (2002) claimed that companies expected

their employees to “have the ability to interpret, critically analyze and solve problems,
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work effectively in teams and be able to communicate across various segments of a
business” (p. 3). Lozano-Nieto (1999) defined industry demands for their employees
according to two categories: technical knowledge and non-technical skills, such as team
work and communication skills. A closer look at the literature reveals that the
competencies industry employers expect their employees to have are similar to the
knowledge and skills required in workplace problem solving — similar to those that
researchers such as Jonassen, Strobel, and Lee (2006) and Ropella, Kelso, and Enderle
(2001) have identified. For example, they all recognized the importance of problem
solving skills, teamwork spirit, and communication skills.
Although companies have those expectations of their employees, unfortunately, as
Grubbs and Ostheimer (2001) pointed out, a large number of today’s engineering
graduates do not have sufficient skills to directly work in the industry upon graduation.
Todd, Sorensen, and Magleby (1993) examined the industry’s views on new engineering
graduates and identified several weaknesses from the feedback, including:

e Technical arrogance

e No understanding of manufacturing processes

e A desire for complicated and “high-tech” solutions

e Lack of design capability or creativity

e Lack of appreciation for considering alternatives

e No knowledge of value engineering

e Lack of appreciation for variation

e All wanting to be analysts

e Poor perception of the overall project engineering process

www.manaraa.com



13

e Narrow view of engineering and related disciplines

e Not wanting to get their hands dirty

e Considering manufacturing work as boring

e No understanding of the quality process

e Weak communication skills

e Little skill or experience working in teams

¢ Being taught primarily to work as individuals. (p. 93)
Other workplace competencies graduating engineers need better preparation in were
“solving open-ended problems, thinking ‘outside the box’, and working in teams, and in
developing strong communication skills” (Grubbs and Ostheimer, 2001, p. 1).
Furthermore, the Society of Manufacturing Engineers conducted extensive research
within the industry and identified some critical competency gaps between new graduates
and what was required by the manufacturing industry (Tuncer, 2003), which include:
“business knowledge/skills; supply chain management; project management;
international perspective; materials; manufacturing process control; written and oral
communication; product/process design; quality; specific manufacturing processes;
manufacturing systems; problem solving; teamwork/working effectively with others;
personal attributes; engineering fundamentals” (p. 17). Banik (2008) examined the
differences between engineering graduates’ and employers’ opinions of the level of
achievement of engineering graduates and found that employers rated graduate
achievement lower in written skills, define and solve problems, lead others effectively

and ability to resolve conflicts.
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It is not only the employers who have such concerns; engineering graduates who have
already started working in the field realize that they have come to their positions without
being fully prepared. For example, when Martin, Maytham, Case, and Fraser (2005)
explored chemical engineering graduates’ perceptions of how well they were prepared for
work in the industry, they found that graduates often felt that they were well-prepared in
“technical background, problem solving skills, formal communication skills and life-long
learning abilities” (p. 167). Those recent graduates identified their weaknesses as their
lack of ability in “work in multi-disciplinary teams, leadership, practical preparation and
management skills” (p. 167). Mechanical engineering alumni from the University of
Texas at Austin were asked to reflect on what courses/assets offered by their
undergraduate program were believed to be the most helpful on the job (Aanstoos and
Nichols, 2001). A summary of their comments is listed in the table below (Aanstoos and
Nichols, 2001, p. 6). It is evident that a great number of skills identified as critical to
workplace engineering, unfortunately, had not been taught in the university.

Table 2-2 Summary of Comments (Aanstoos and Nichols, 2001, p. 6)

"Hard" Topics “Soft” Topics Intangibles
Courses/assets | * Physics * Mandatory history
available; not * Numerical analysis | and government
job-critical *Calculus/differential | « Non-technical
equations electives
Courses/assets | * Thermodynamics * Internships
available; job- | » Material sciences
critical * Statics/dynamics

www.manaraa.com



Table 2-2 Continued.

15

Courses/assets | * Computer * Technical writing * Interpersonal

not available; programming * Oral relationships

job-critical * Software communications * Work experience
applications * Team skills * Problem solving
* Numerical analysis * Labor relations » Work ethic
*Ceramics/Composites | * Quality engineering | * Time management

* Solid modeling
* Manufacturing
processes

* Negotiation skills
* Budgeting/cost
controls
*Finance/marketing

* Multi-disciplinary
studies
*Sports/extracurricular
activities

*Diversity/sensitivity
* Ethics

* Safety

* Management

* Regulatory
requirements

Because industry employers frequently notice students’ lack of workplace problem
solving skills, they encourage universities to emphasize the teaching and learning of
those practical skills (Grubbs and Ostheimer, 2001; Aanstoos and Nichols, 2001).
However, engineering educators are still providing insufficient attention to the practical
preparation of their students for real world engineering. For example, as Grubbs and
Ostheimer (2001) claimed, “[m]ost engineering schools have concentrated their efforts in
preparing engineers to go to graduate school, or have simply neglected the more practical
aspects of the profession” (p. 1). Similarly, Ropella, Kelso, and Enderle (2001) indicated
that engineering educators were struggling “to establish that balance between theory and
practice” and “[m]any fear that too much ‘real-world’ is simply job training” (p. 1). They

further pointed to the unpleasant result of this inadequate education on real world
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engineering: it would leave students with “little practical experience” and “naive problem
solving skills and no appreciation for approximation, optimization and error” (p. 1).

One reason that may explain why universities do not emphasize the teaching of real
world skills is that they feel the industry should train its own employees (Grubbs and
Ostheimer, 2001). The literature does suggest that those professional skills are usually
taught by internal training within the companies or by programs that every newly hired
engineer is expected to complete (Aanstoos and Nichols, 2001). For example, Aanstoos
and Nichols (2001) interviewed practicing engineers, the majority of whom reported that
they had to go through two to six months of initial training before beginning work.
However, engineers implied that the period could be shortened if the undergraduate
engineering education could bridge the gap between the classroom and workplace.
Similar ideas are expressed in the study presented by Jonassen, Strobel, and Lee (2006).
Their interviews with professional engineers suggested that most engineers felt
“graduates will ‘really’ learn how to be an engineer during the first year or two on the job”
(p. 146). In order to better prepare students to solve workplace problems, engineers
recommend that engineering schools put more emphasis on teaching students “client
interaction, collaboration, making oral presentations and writing, as well as the ability to
deal with ambiguity and complexity” (p. 146). Therefore, in order to reduce the time
required for the student to become a workplace engineer, engineering schools should
better prepare students with the actual knowledge and skills required in the workplace.

In conclusion, industry employers expect engineering graduates to be equipped with
workplace problem solving skills and related knowledge. Nevertheless, research with

industry employers and engineering graduates shows that engineering students are not
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well-prepared to handle workplace problems. Thus, engineering schools, which are
blamed for not preparing students with those competencies, are urged to incorporate

teaching of knowledge and skills needed in the real world.

2.5 Experiential Learning and the Co-Op Program

Because workplace problems are distinct from classroom problems and engineers need a
much wider range of knowledge and skills in order to solve workplace problems, it is
important for engineering educators to ensure that their students are properly prepared
with the required knowledge and skills. Previous research indicates that classroom
teaching that does not engage students in practical work fails to equip students with the
skill set they need. For example, Regev, Gause, and Wegmann (2008) pointed out that
many students “who have been only trained in the academic curriculum” (p. 88) were
only comfortable with solving classroom problems. So, instead of exploring the problem
space by themselves, students were often left passively waiting for the instructor to teach
them how to solve these problems. Ropella, Kelso, and Enderle (2001) further pointed
out that insufficient education in real world engineering would leave students with “little
practical experience” and “naive problem solving skills and no appreciation for
approximation, optimization and error” (p. 1). Students who were trained with “classic
science and math courses and theory-laden textbooks” might not be able to perform some
simple “everyday tasks” and be left feeling “frustrated by the seemly disconnect between
higher education and the ‘real world’” (p. 1). Because the skills and knowledge that
students attain from solving textbook problems do not adequately prepare them to deal

with workplace challenges, “it is imperative for universities to provide students with

www.manaraa.com



18

learning experiences on real engineering problems so they can develop the necessary
skills to address complex open-ended problems and to meet the industry need for highly
qualified engineers to compete in a global market” (Lai-Yuen and Herrera, 2009, p. 1).
Brumm, Hanneman, and Mickelson (2005) proposed that one of the best ways to train
students in workplace competencies is experiential education. They stated that
“experiential education can be broadly defined as a philosophy and methodology in
which educators purposefully engage with learners in direct experience and focused
reflection in order to increase knowledge, develop skills, and clarify values” (p. 2).
Brumm et al. further narrowed down this definition, arguing that “it is work experience in
an engineering setting, outside of the academic classroom, and before graduation” (p. 2).
They believed such experiential engineering education programs might be “the best place
to directly observe and measure students developing and demonstrating competencies
while engaged in the practice of engineering at the professional level” (p. 2).

The College of Engineering at Purdue University offers one type of experiential learning
program to engineering undergraduates in the form of the Co-Op program. Co-Op is “a
unique form of education and experiential learning, which integrates classroom study
with paid, planned and supervised work experience in the private and public sector”
(Garavan and Murphy, 2001, p. 281). Harrisberger, Heydinger, Seeley, and Talburtt
(1976) pointed out that experiential learning activities can be grouped into two categories:
simulations and authentic involvement. Tener, Winstead, and Smaglik (2001) explained
that “simulations consist of fabricated situations that are carefully designed to meet

153

selected learning objectives and are under close faculty control” (p. 10), while “‘authentic

involvement’ exposes the student to real situations with open-ended outcomes, although
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the faculty may influence the selection of the situations and set performance criteria to
assure that established learning objectives are attained” (p. 10). Ortmeyer, Cunningham,
and Sathyamoorthy (2000) mentioned that working in a real workplace setting could
provide students with “a perspective that is difficult to achieve in either the classroom or
teaching laboratory,” while at the same time enabling these students to make “a
successful transition from academic life to engineering careers” (p. 1). The Co-Op
program at Purdue offers students opportunities to experience workplace environment
and participate in problem solving activities. It consists of student participation in
activities of “authentic involvement,” which means that they take place in an actual
engineering workplace setting and allow students direct involvement with engineering
work and people involved in the workplace. Some of the potential benefits of the Co-Op
program for students include:

1) Enhanced student self-confidence, self-concept and improved social skills.

2) Enhancement of practical knowledge and skills.

3) Enhanced employment opportunities.

4) Attainment of necessary skills to supplement theoretical training.

5) Enhancement of the induction process when the student joins the labour

market. (Garavan and Murphy, 2001, p. 282)

In summary, previous research indicates that the Co-Op program provides students with
opportunities to experience real world engineering problem solving. However, it is still
not clear how students experience real world engineering and how they perceive

workplace problem solving.
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2.6 Research Questions

While previous studies point out that engineering workplace problems differ from
textbook problems and the solution of such problems demands a variety of knowledge
and skills, it is uncertain whether students have any knowledge of the challenges they
will face in workplace problem solving and the extent to which they are prepared to meet
those challenges. The literature indicates that among engineering students there may still
be a lack of understanding both of engineering practice and of the engineer as a
professional, a fact which tends to leave students underprepared to operate in the real
world. The dissatisfaction of industry employers further confirms this lack of
preparedness among student job seekers. In order to better prepare students for real world
engineering, experiential education is proposed, which can provide opportunities for
students to observe engineering in the workplace and benefit students in a number of
ways. In this study, I want to identify the range of students’ experiences of problem
solving in the engineering workplace and areas in which these students are prepared by
their college education to solve workplace problems. The research questions which
guided my study are:
1) Of Co-Op students who participated in workplace problem solving, what are
the different ways in which students experience workplace problem solving?
2) How do students perceive a) the differences between workplace problem
solving and classroom problem solving b) in what areas are they prepared by

their college education to solve workplace problems?
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CHAPTER 3. METHODOLOGY

3.1 Theoretical Framework

Two theoretical frameworks guide my study: The first is the workplace engineering
problem solving theory developed by Jonassen, Strobel, and Lee (2006). By interviewing
practicing engineers, Jonassen et al. found that workplace problems are substantively
different from classroom problems in that “they possess conflicting goals, multiple
solution methods, non-engineering success standards, non-engineering constraints,
unanticipated problems, distributed knowledge, collaborative activity systems, the
importance of experience, and multiple forms of problem representation” (p. 139). In my
study, I want to explore workplace problems from the perspectives of engineering
students in order to determine the different ways students experience workplace problem
solving and whether students recognize the challenges involved in solving those
problems.

The second theoretical framework is the model of domain learning (MDL) proposed by
Alexander (1997), which explains how learners develop expertise in an academic field. In
this model, Alexander divides the process of expertise development into three stages:
acclimation, competence and proficiency/expertise. Learners start with little knowledge
(acclimation), gradually acquire well-structured, solid, basic knowledge (competence)

and finally become experts with a broad and deep knowledge
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base (expertise) (Alexander, 2003). During this process, learners become more involved
in their areas of study and their knowledge of the domain, strategies and interest in the
domain develop, which in turn promotes learners’ expertise development (Alexander,
2003; Alexander, 1997).

As researchers (Shuman, Delaney, Wolfe, Scalise, and Besterfield-Sacre, 1999; Au,
Bayles, and Ross, 2008) observed that students often came to engineering without a clear
picture of what engineering is and what engineers do, it is reasonable for us to infer that
those undergraduate students are at the acclimation stage and only possess very limited
knowledge of the engineering profession and engineering skills. While college education
can help students make remarkable progress in their transformation into competence, real
world engineering education such as the Co-Op program might also play a significant
role in this transformation process, as Urban-Lurain, Anderson, Parker & Richmond
(2006) pointed out that not only formal education but also professional practice can
provide students with opportunities to get more exposure to the domain and facilitate the
transformation of a novice to an expert. In this study, I want to investigate students’
perceptions of the differences between workplace problem solving and classroom
problem solving as well as their preparedness for the sake of exploring whether students

who have real world experience develop a better understanding of workplace problems.

3.2 Methodological Framework

Two methodological frameworks guide my research. The first one is termed
“phenomenography”. Because different people will experience and understand any given

phenomenon in varying ways, the aim of phenomenography is to “uncover the variation
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in ways of experiencing a particular aspect of the world” (Daly, 2008, p. 39). Instead of
investigating the particular phenomenon or people who experience it, the focus of
phenomenographic research is to understand the relationship between these two (Bowden,
2005; Mann, Dall’Alba, and Radcliffe, 2007). In this study, I want to explore the
different ways students experience workplace problem solving through the lens of
phenomenography.

It is (Bowden et al., 1992; Marton, 1986) believed that each phenomenon can be
understood or experienced “in a limited number of qualitatively different ways” (Bucks
and Oakes, 2011, p. 4). In order to explore such variations, researchers conduct in-depth
interviews to elicit the understanding or experience that an individual has of a
phenomenon (Bucks and Oakes, 2011). The result of a phenomenographic study is
known as the “outcome space” (Bucks and Oakes, 2011; Daly, 2008), constituted by the
“categories of description” (Bowden et al., 1992, p. 263), a term that describes the
differing ways in which people may experience and understand the phenomenon (Bucks
and Oakes, 2011). These categories are often organized in a hierarchical form, from “a
less complete understanding” to “a more complete understanding” (Bucks and Oakes,
2011, p. 4).

The second theoretical framework guiding my study is thematic analysis, which is “a
method for identifying, analysing and reporting patterns (themes) within data” (Braun &
Clarke, 2006, p. 79). Thematic analysis usually involves searching for repeated patterns
or themes among a number of interviews (Braun & Clarke, 2006). In this study, I used

thematic analysis to identify the major differences between workplace problem solving
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and classroom problem solving as discerned by students as well as their perceived areas
of preparedness.

3.3 Research Design

The nature of my research questions determines that this is a qualitative study. My
research questions ask: 1) Of Co-Op students who participated in workplace problem
solving, what are the different ways in which students experience workplace problem
solving? 2) How do students perceive a) the differences between workplace problem
solving and classroom problem solving and b) in what areas are they prepared by their
college education to solve workplace problems? In order to have “a complex, detailed
understanding” of these questions, I want individual students to “share their stories”
(Creswell, 2007, p. 40), a process which would allow me to identify their different
experiences and explore how these experiences shape their understanding of workplace
engineering. Since these details can only be discovered by talking to people and listening

to their stories, qualitative research is required for this study.

3.4 Data Collection

The qualitative data were usually collected through semi-structured interviews (Akerlind,
Bowden and Green, 2005) and the literature has suggested that the minimum number of
participants in a phenomenographic study is 15 and most phenomenographic studies
contain 20 to 30 interviews (Daly, 2008; Trigwell, 2000; Bowden, 2005). In this study, I
conducted 22 interviews in total with each interview lasting approximately one hour. All

interviews were audio recorded.

www.manaraa.com



25

3.5 Participant Recruitment and Selection

To recruit participants, an invitation email was sent to students currently enrolled in the
Co-Op program requesting participation in my study. A recruitment survey was included
in the email, designed to help me collect the students’ background information. The
survey questions can be found in appendix A. From those who agreed to participate, I
selected the final 22 students by using a purposeful sampling technique called the
“maximum variation” approach, which is described below.

Because the aim of a phenomenographic study is to explore variation in experience and
understanding, the selection of participants is guided by “an attempt to gain the largest
diversity in experiences” (Daly, 2008, p. 41, Akerlind, 2005a). This entails “the use of a
purposeful sampling method” (Bucks and Oakes, 2011, p. 5). In order to obtain the
maximum variation in experience, 22 students with different learning experiences were
purposefully selected based on the following criteria: number of times of experience,
major, academic year, sex, ethnicity, and size of the company the student worked for. The
number of times a student had participated in the program was considered as it was
reasonable to assume that each student’s understanding of workplace engineering would
change when work experience was accumulated. Similarly, it was felt that the students’
academic year and major might influence their experience and the variation in sex and
ethnicity might also have an impact on their experience and understanding. Therefore,
those factors were all taken into consideration when selecting participants. Creswell
(2007) indicated that this type of qualitative sampling strategy is called the “maximum

variation” approach and the benefit of using the “maximum variation” strategy is that “it
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increases the likelihood that the findings will reflect differences or different perspectives”
(p. 126), which is generally preferred in phenomenographic study.

A summary of participant information is listed in table 3-1. Of the 22 participants, four
were working on their first Co-Op session when they completed the survey, four
completed one Co-Op session, two completed two Co-Op sessions, three completed three
Co-Op sessions, four completed four Co-Op sessions, and five completed five Co-Op
sessions. Five of the participants were sophomores, five were juniors, seven were seniors,
and five were in their fifth year or above. The students represented seven different majors,
including biomedical engineering, electrical and computer engineering, mechanical
engineering, chemical engineering, industrial engineering, civil engineering, and nuclear
engineering. Fifteen of the participants were white, four were Asian, two were mixed race
and one was black or Africa American. Fifteen of the participants were male and seven
were female. The majority of the participants (18) were working in large sized companies,

two were working in midsized companies, and two were working in small sized

companies.
Table 3-1 Summary of Participants
Number
Pseudonym of C(.)_Op Academic Major Ethnicity Sex Size of
sessions year Company
finished
working . .
Greg on 1st Co- Fourth Blomedlgal Asian Male Large
year engineering
Op
. Electrical
working Second and
Mark on 1st Co- Asian Male Large
0 year computer
p engineering
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working .
Zack on 1st Co- Second Mthanlp al White Male Large
year engineering
Op
working . .
James on 1st Co- Third Me<':han1'c al Asian Male | Midsized
Op year engineering
Clare 1 Third Blomedlpal White | Female | Midsized
year engineering
Ethan 1 Second Mes:hamp al White Male Large
year engineering
Alisa 1 Second Chemlcg 1 White | Female Large
year engineering
Todd 1 Second Meghan1p al White Male Large
year engineering
Electrical
Alice 2 Third and White | Female Large
year computer
engineering
Nick 2 Third Chemlcg 1 White Male Large
year engineering
. . Black or
Tony 3 Third Chemlcg 1 African | Male Large
year engineering | , .o
Kelly 3 Fourth | Industrial g0 gl | Small
year engineering
John 3 Fourth Meghanlp al White Male Large
year engineering
Electrical
Jennifer 4 Fourth and Mixed | Female Large
year computer
engineering
Jason 4 Fourth Meghanlp al Asian Male Large
year engineering
Linda 4 Fourth Chemlcg 1 Mixed | Female Large
year engineering
Eric 4 Fourth Mec?hanlp al White Male Large
year engineering
Ryan 5 Fifth year N}lclegr White Male Large
and above | engineering
Roy 5 Fifth year Mec?hanlp al White Male Small
and above | engineering
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Sarah Fifth year .CIVII. White | Female Large
and above | engineering
Electrical
Bruce Fifth year and White Male Large
and above | computer
engineering
Steve Fifth year Meghamp al White Male Large
and above | engineering

3.6 Instrument Design

The main purpose of a phenomenographic interview is to let the participants reflect on
their concrete experience and discuss the meaning they derive from that experience
(Akerlind, 2005a; Akerlind, Bowden and Green, 2005; Daly, 2008). Consequently, the
focus of the interview is not just to discover concrete experiences but also to explore how
those experiences are understood and discussed by the participants (Daly, 2008). This
implies that the interview questions should be designed in a manner that first encourages
the participants to discuss a concrete experience and then prompts them to reflect on their
experience and express their understanding of that experience (Daly, 2008, Akerlind,
2005a). This became the first principle in the design of my interview questions.

The concrete process of developing interview questions was guided by the two theoretical
frameworks I have used—i.e. the workplace problem solving theory and model of
domain learning. For example, the workplace problem solving theory provided me with
an evidence-based conclusion that workplace problems differ from classroom problems
and that solving workplace problems requires knowledge and skills beyond the level

necessary to solve classroom problems. Many researchers (Jonassen, Strobel, and Lee,
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2006; Regev, Gause, and Wegmann, 2008; Weinstein, Gilchrist IV, Hebsch, and Stevens,
2002) have compared workplace problem solving and classroom problem solving and
expounded the differences between them according to various aspects, as I have shown in
my literature review. Based on their explanations, I have designed my research questions
to let students reflect on their workplace problem solving experience and compare
workplace problem solving with classroom problem solving.

After the interview questions were designed, they were pilot tested. Three engineering
undergraduate students who had real world engineering work experience were asked to
go through the questions and comment on each one. Based on the pilot test results, I
refined my questions and developed a final version of the interview protocol to be used in

my study (Appendix B).

3.7 Phenomenographic Data Analysis

Akerlind (2005b) has described the major procedures used to analyze phenomenographic
data. He suggests that “[t]he analysis usually starts with a search for meaning, or
variation in meaning, across interview transcripts, and is then supplemented by a search
for structural relationships between meanings” (p. 324). In the early stages of data
analysis, the researcher should remain open-minded, searching for meaning and
interpretations by reading through the transcripts repeatedly. Akerlind (2005b)
emphasized that “[p]aramount is the importance of attempting, as far as possible, to
maintain an open mind during the analysis, minimizing any predetermined views or too

rapid foreclosure in views about the nature of the categories of description” (p. 323).
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Because the expected outcomes of a phenomenographic study are “categories of
description” (Bowden et al., 1992, p. 263), the researcher should search for similarities
and differences among transcripts or quotes, and then group and regroup data according
to these similarities and differences. As a result, transcripts or quotes sharing similar
themes will be put into the same category and a description of each category will be
generated. Then the transcripts will be read once more to make sure that each transcript
fits into the category to which it has been assigned. This repetition will stop when the
researcher feels that all transcripts or quotes map into their corresponding categories and
that the description of each category represents the major idea of the transcripts
belonging to that category. Then, the categories of description will be regarded as the
result of this study. This process is documented in Daly (2008) and Zoltowski (2010)’s
work and described by Marton (1986) as “[d]efinitions for categories are tested against
the data, adjusted, retested, and adjusted again. There is, however, a decreasing rate of
change, and eventually the whole system of meanings is stabilized” (p. 43).

In summary, the whole process of phenomenographic data analysis is “a strongly iterative
and comparative one, involving the continual sorting and resorting of data, plus ongoing
comparisons between the data and the developing categories of description, as well as
between the categories themselves” (Akerlind, 2005b, p. 324).

Based on the guidelines provided by Akerlind (2005b), the data were analyzed in the
following way: after the interviews were recorded and professionally transcribed, I
listened to the interviews once more to check the accuracy of each transcript. This
process also helped me to become more familiar with each interview transcript. Because

of the large amount of data, I re-read each transcript two to three times and then
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summarized the main ideas presented that could help me better recall the basic idea of
each transcript later on. Data analysis continued with open coding. In the open coding
stage, | made notes on the transcripts and coded the data for their main information. At
the end of open coding, I revised my previous summary of transcripts, and an initial set of
themes of how students experience workplace engineering was established. Next,
transcripts that shared similar themes were put into the same group and all the transcripts
were read and sorted again to make sure they belonged to that group. During this process,
axial coding was used to help me combine and identify themes and assemble data in new
ways. The whole process was iterative, as [ would detect new themes or combine similar
themes in the coding and re-assemble data into categories based on the new set of themes.
Once I felt the groups became stable and each group represented a distinct way of
experiencing workplace problem solving, I attempted to generate a description for each
group. After the descriptions of how students experience workplace problem solving
were generated, I read all the transcripts again, which resulted in another iteration of
grouping and generation of categories of description. The iterations ended when 1 found
that all transcripts mapped into their corresponding categories and the description of each
category was unique and represented the main idea of data belonging to that category.
The final categories of description were then created and organized based on the
structural relationship between categories, which formed the outcome space of the
phenomenographic study.

In this study, the data analysis consisted of five iterations. Tables 3-2 — 3-4 are sample
products of my process. The first attempt at generating categories of how students

experience workplace problem solving is summarized in table 3-2.
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Table 3-2 First Iteration of Categories of Description

Categories Categories of Description

Workplace problem solving is following orders and executing the plan. The
1 method of how to solve problems is known/given in this category and
engineers solve problems by following the procedures.(Alisa and Linda)

Workplace problem solving is improving current solution and satisfying
customers' needs. The problem is identified by customers and many
2 constraints/problem solving related information is given to engineers by
customers. The aim of problem solving is to satisfy customers' need.
(James, Jason, Roy, and Steve)

Workplace problem solving is using technical knowledge to meet the
requirements and achieve goals. This way of experiencing workplace
problem solving is about coming up with technical solutions within
constraints. (Jennifer, Ethan, Sarah, and Ryan)

Workplace problem solving is finding evidence to make decisions.
4 Engineers in this category have to use data or other information to support
their engineering decisions. (Nick and Kelly)

Workplace problem solving is working with different people to find out the
solution. In those cases, engineers need to consult the problem with

> different people and people’s opinions/schedule/input become critical for
engineers in finding solutions. (Clare and Zack)
6 Workplace problem solving is exploration. It involves a lot of trial and
error. (Todd)
Workplace problem solving is defining the problem and then coming up
7 with solutions. Workplace problems are usually ill-defined and the first
step of problem solving is defining the problem. (Eric, John, Alice and
Greg)
3 Workplace problem solving is freedom. The majority of the parameters in
the problem solving process are defined by engineers. (Tony and Bruce)
9 Workplace problem solving is a learning process. (Mark)

In my first attempt to generate categories of description, there was no attempt to find the
hierarchical structure, so the categories were not presented in a hierarchical form. After
the first iteration was generated, all the transcripts were read again to see if the ones that
belonged to the same category represented similar ways of experiencing workplace
problem solving and if the description encapsulated the key information of students’

experiences within that category.
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Initially, I put Sarah into category 3 (Workplace problem solving is using technical
knowledge to meet the requirements and achieve goals) because I felt she talked a lot
about the technical aspects of her work. As I read her transcript again, however, I noticed
that while she mentioned how she used her technical knowledge and skills to solve the
problem, she emphasized more that her work was designing for her client. Additionally,
in my first attempt I put Eric, John, Alice, and Greg into category 7 because I felt they
talked a lot about the ill-defined objectives of problems. However, later I realized this
only provided the background information of the problems they solved and this was not
the core of their problem solving experiences.

As I read all the transcripts and descriptions again, I started to consider the critical
variations between categories as well as some similarities I had not noticed before. For
example, in my first attempt I put Todd, Tony, Bruce, and Mark into different categories,
but when I read their transcripts again I felt all of them emphasized how engineers should
take the initiative to explore the different parameters in the problem space. Furthermore,
they all felt that workplace problem solving was a learning experience and they
developed better engineering knowledge and skills during the problem solving process.
Such regrouping led me to my second iteration of generating categories of description.

Table 3-3 Second Iteration of Categories of Description

Categories Categories of Description
Workplace engineering problem solving is following orders and executing
1 the plan. The method of solving problems is known and engineers solve
problems by following the given procedures. (Alisa and Linda)
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Table 3-3 Continued.

Workplace engineering problem solving is satisfying customer needs. The
problem is identified by customers and many constraints/pieces of problem

2 solving related information are given to engineers by customers. The aim of

problem solving is satisfying customer needs. (Steve, Roy, Sarah, and
James)
3 Workplace problem solving is using technical knowledge to generate
solutions to achieve the goal. (Eason, Jennifer, and Ryan)

Workplace problem solving is consulting or coordinating with people.

4

(Clare and Zack)
5 Workplace problem solving is using evidences to draw conclusions or
support decisions. (Nick, Kelly, Alice, Greg, Todd, and Jason)
6 Workplace problem solving is an exploration and learning process. (Bruce,

Tony, Mark, Eric, and John)

After the second iteration, I discussed results with my advisor and reviewed all the
transcripts again. Several changes were made in this iteration. For example, Alisa’s
transcript was moved to the fourth category because I felt the way she generated problem
solving solutions was largely impacted by external experts and the operator’s inputs.
Other changes in the third iteration are shown in table 3-4.

Table 3-4 Third Iteration of Categories of Description

Categories Categories of Description
Workplace engineering problem solving is following orders and
1 executing the plan. The method of solving problems is known and

engineers solve problems by following the given procedures. (Linda)
Workplace engineering problem solving is satisfying customer needs.
The problem is identified by customers and many constraints/pieces of
2 problem solving related information are given to engineers by customers.
The aim of problem solving is satisfying customer need. (Steve, Roy,
Sarah, and James)

Workplace problem solving is using technical knowledge to generate
solutions to achieve the goal. (Alice, Jennifer, Ethan, Ryan, and Clare)
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Table 3-4 Continued.

4 Workplace problem solving is consulting with people and using others’
suggestions to solve the problem.(Alisa and Greg)
5 Workplace problem solving is coordinating with people and finishing
work. (Zack)
6 Workplace problem solving is using evidence to draw conclusions or
support decisions. (Kelly, Nick, and Todd)
7 Workplace problem solving is a learning process. (Eric)
] Workplace problem solving is an exploration process. (Tony, Bruce,
Jason, Mark, and John)

The whole analysis process consisted of five iterations with the last iteration presented in
the results section. In the fourth and fifth iteration, when the changes from iteration to
iteration became smaller, I started to consider the logical relationship between categories.
In the meantime, I discussed the results with my committee members and realized there
were two major aspects of variation across categories: 1) students’ involvement in
problem definition and formulation and 2) students’ involvement in solution generation
and selection. Therefore, the categories were placed in a two-dimensional space with
those two constructs as axes. The final categories of description, the relationship and

critical variations between categories are presented in the next chapter.

3.8 Thematic Analysis

Thematic analysis entails searching for repeated patterns or themes across a set of
interviews (Braun & Clarke, 2006). The actual analysis process consists of six phases: 1)
get familiar with the data by reading transcirpts and taking notes 2) produce initial codes
by identifying patterns in the dataset that align with research interest and code data 3) sort

and group codes and search for themes among codes 4) refine and review themes 5)
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define and describe themes 6) generate final results (Braun & Clarke, 2006). In this study,
I first inductively generated an initial set of codes by working through the 22 transcripts.
After the initial codes were produced, I grouped codes that expressed similar meanings
into themes. After all the themes were developed, I reviewed all the codes and themes
again in order to refine them. In total, six themes were developed from the thematic

analysis of interview transcripts.

3.9 Validity and Reliability

In order to attain rigor in qualitative research, the researcher has to ensure that the study
is valid and reliable. Creswell (2007) considers validation in qualitative research as “an
attempt to assess the ‘accuracy’ of the findings” (p. 206). Historically, instead of using
the term “validation,” other terms such as trustworthiness, authenticity, credibility, and
transferability are often used by qualitative researchers (Creswell, 2007). However,
Creswell (2007) suggests validation might be a better term to use because it “emphasize[s]
a process” (p. 207). In order to validate a study, four primary validation criteria were set
forth by Whittemore, Chase and Mandle (2001): “credibility (Are the results an accurate
interpretation of the participants’ meaning?); authenticity (Are different voices heard?);
criticality (Is there a critical appraisal of all aspects of the research?); and integrity (Are
the investigators self-critical?)” (Creswell, 2007, p. 206). Many approaches such as peer
review, triangulation, and member checking are used by researchers as validation
strategies (Creswell, 2007). In qualitative research, reliability can be understood as
consistency in results when “repeating or comparing assessments within a study” (Guest,

MacQueen & Namey, 2012, p. 81). In practice, it is closely related to intercoder

www.manaraa.com


file:///Z:/Downloads/celia%20dissertation_V4.9.docx%23_ENREF_12

37

agreement and often refers to “the stability of responses to multiple coders of data sets”
(Creswell, 2007, p. 210).

In a phenomenographic study, validity is regarded as “the extent to which a study is seen
as investigating what it aimed to investigate, or the degree to which the research findings
actually reflect the phenomenon being studied” (Akerlind, 2005b, p. 330). Two types of
validity checks, the communicative validity check and pragmatic validity check, are often
used in phenomenography (Akerlind, 2005b). The communicative validity check requires
the researcher to be able to defend his or her interpretation to the research community,
people who can represent the interview sample, and those who are interested in the
research (Akerlind, 2005b). The pragmatic validity check requires the researcher to check
the extent to which the research findings are perceived to be useful and meaningful by
audience (Akerlind, 2005b). In my case, the communicative validity check is achieved by
presenting and defending my study to the engineering education community so that the
credibility, criticality, authenticity, and integrity of the study are confirmed by the
community members. The pragmatic validity check is achieved by communicating the
results with engineering education researchers to find out how the results could be
incorporated or applied in their work, therefore allowing the researchers to make the
decision on whether the study can be transferred to their circumstances.

Reliability in phenomenography is seen as “reflecting the use of appropriate
methodological procedures for ensuring quality and consistency in data interpretations”
(Akerlind, 2005b, p. 331). There are two forms of reliability checks, one is the coder
reliability check, where “two researchers independently code all or a sample of interview

transcripts and compare categorizations” (Akerlind, 2005b, p. 331), and the other is the

www.manaraa.com



38

dialogic reliability check, where “agreement between researchers is reached through
discussion and mutual critique of the data and of each research’s interpretive hypotheses”
(Akerlind, 2005b, p. 331). In my case, as I am supposed to complete the dissertation
study independently, it might not be suitable for me to find another researcher to work on
the data. Therefore, I used the alternative reliability check method suggested by Akerlind
(2005b), which is to make my “interpretive steps clear to readers by fully detailing the
steps, and presenting examples that illustrate them” (Akerlind, 2005b, p. 332).

In thematic analysis, validity and reliability can be enhanced in several ways. For
example, Guest, MacQueen & Namey (2011) suggest using at least one to two quotes to
illustrate each theme and document the process of data analysis in a final report. Other
strategies they recommend include: having multiple coders to analyze the data and check
intercoder realiability, inviting an external expert to review the results, etc. In my case, I
recorded my data analysis process in writing and presented the themes with associated
quotes. During the process, I asked my advisor to check those codes and themes to make

sure they correctly reflected the meaning of each transcript.

3.10 Role of Researcher

In qualitative research, the background, knowledge, and experience of the researcher
might bring biases to the study therefore it is vital for the researcher to be aware of the
potential biases he/she might bring into the study (Daly, 2008, p. 66). With this in mind,
the following paragraphs describe my background, experiences, and biases in connection

with experiential learning and engineering workplace problem solving.
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My undergraduate degree is in electrical engineering. Although I began graduate school
directly after completing my undergraduate studies and did not actually work as an
engineer, my internship and graduation project experience allowed me to work with real
world problems. At that time, I felt frustrated that the issues or situations I encountered in
the workplace were more complex and difficult than the ones I dealt with in textbooks or
classrooms. Compared with engineers or even technical staff working in a power plant
who did not attend college, I felt I knew only a little about what happens in the real world.
Because my own experience in real world engineering enables me to recognize the
differences between workplace problems and classroom problems, as well as my lack of
preparation to solve workplace problems, I expect the experiential learning programs,
such as Co-Op, would help Purdue engineering undergraduates develop a better
understanding of workplace engineering. This is the first bias I brought to this study.

After becoming a Ph.D. student in engineering education, I read literature and conducted
research in workplace problem solving and began to understand that workplace problems
differ from textbook/classroom problems in a variety of ways. Thus, the second bias |
brought to this study is that workplace problems and classroom problems are different

and students should be able recognize or identify some of those differences.
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CHAPTER 4. RESULTS

In this chapter, I present the results from my study: first the results from the
phenomenographic study of the different ways in which students experience workplace
problem solving and then the results from the thematic analysis of students’ perceptions
of 1) the differences between workplace problem solving and classroom problem solving

and 2) in what areas are they prepared by college education to solve workplace problems.

4.1 Phenomenographic Analysis: Ways of Experiencing Workplace Problem Solving

4.1.1 Introduction
This section presents findings from the phenomenographic analysis of data, which are the
six different ways in which Co-Op students experience and understand workplace
problem solving. Previous research that utilized phenomenography as a methodological
framework, such as Daly (2008) and Zoltowski (2010)’s work, provided me with
structural guidance in this study. The results include six categories of description,
generated based on the analysis of 22 interviews with Co-Op engineering students. An
additional discussion of the relationships between different categories that further reveals

the differences between the six categories is also included.
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4.1.2 Outcome Space Overview

The outcome space consists of six categories of description, in which Co-Op students
experience and understand workplace problem solving, and descriptions of the
differences between categories. The categories of description were generated based on
the variations of workplace problem solving experiences shared by 22 Co-Op students. In
the data analysis, interviews were viewed and interpreted as wholes; therefore, the
categories were created based on the big picture of students’ experiences, not the details
(Daly, 2008). The type of problems students experienced (e.g. design, trouble shooting)
and the different engineering industries students worked in were not considered as factors
in determining the categories. Table 4-1 presents those categories of description.

Table 4-1 Categories of Description of Students’ Experiences of Engineering Workplace
Problem Solving

Category of
description
(Engineering
workplace problem
solving is...)

Summary

Workplace problem solving is following orders and executing

Category 1: the plan. The method of solving the problem is known/given in
Executing the plan this category and student engineers solve the problem by
following the procedures. (Linda)
Workplace problem solving is implementing customers' ideas
Category 2: and satisfying customer needs. The problem is identified by
Fulfilling customer customers and many constraints/pieces of problem solving
needs related information are given to engineers by customers. (Steve,
Roy, James, and Sarah)
Category 3 Workplace problem solving is using mathematical and technical
Technology and knowledge and skills to solve technical problems. (Ethan, Alice,

math focused

Ryan, and Jennifer)
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Table 4-1 Continued.

Category 4: Workplace problem solving is consulting different people and
Collecting people's | collecting their inputs. Those inputs later play a critical role in
input solution generation and selection. (Greg, Alisa, Todd, and Zack)

Category 5: Using
multiple resources
to make decisions or
draw conclusions

Workplace problem solving is using multiple resources, such as
data and people's suggestions to draw conclusions, make
decisions, and solve problems. (Clare, Nick, and Kelly)

Workplace problem solving is an exploration and research

Category 6: process. Student engineers have the freedom to define
Exploration and parameters in problem solving and generate solutions based on
freedom investigation of the problem. (Tony, Bruce, Jason, John, Mark,

and Eric)

Each category in the table represents one way of experiencing workplace problem solving
and each participant’s experience only contributes to one category. The distribution of
participants among categories is shown in table 4-2. Again, the categories were generated
entirely based on students’ experiences, rather than on their major, sex, etc. As we can
see, category 2 mainly consists of students who completed five Co-Op sessions and
category 4 consists of students who were either working on their first Co-Op session or
completed only one Co-Op session. Beyond those there is a fairly even distribution of

students in relation to the number of Co-Op sessions completed across the remaining

categories.
Table 4-2 Distribution of Participants Across Categories
Number
of Co- . .
Category | Pseudonym Op Academic Major Ethnicity Sex Size of
; year Company
sessions
finished
Category 1 Linda 4 Fourth Ch.em1c.a1 Mixed Female Large
year engineering
Fifth year .
Category 2 Steve 5 and Me(;hanlf: al White Male Large
above engineering
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Fifth year .
Roy 5 and Mec.:ham'c al White Male Small
engineering
above
James “Z)Orfkllsrig Third Mechanical Asian Male Midsized
Co-Op year engineering
Fifth year ..
Sarah 5 and .CIVII . White Female Large
engineering
above
Second Mechanical .
Ethan 1 year engineering White Male Large
Electrical
Alice 2 Third and White Female Large
year computer
engineering
Category Ryan 5 Flfg;zear Nuclear White Male Large
¥ engineering &
above
Electrical
Jennifer 4 Fourth and Mixed Female Large
year computer
engineering
working . .
Fourth Biomedical .
Greg on 1st year engineering Asian Male Large
Co-Op
Alisa 1 Second Ch.emlc‘al White Female Large
Category 4 year engineering
Second Mechanical .
Todd 1 year engineering White Male Large
working .
Second Mechanical .
Zack on 1st year engincering White Male Large
Co-Op
Clare 1 Third Blo.rnedlf:al White Female | Midsized
year engineering
Category 5 Nick 2 Third Ch.emlc.al White Male Large
year engineering
Kelly 3 Fourth In(.iustrllal White Female Small
year engineering
. . Black or
Tony 3 Third Ch.emlc.al African Male Large
year engineering | , o oon
Fifth year Eleclzr(;cal
Bruce 5 and a White Male Large
Category 6 above computer
engineering
Jason 4 Fourth Mec.:ham'c al Asian Male Large
year engineering
John 3 Fourth Mec.:ham'c al White Male Large
year engineering
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workin Electrical
& Second and .
Mark on 1st Asian Male Large
year computer
Co-Op . .
engineering
Eric 4 Fourth Me(.:ham.c al White Male Large
year engineering

The relationships between categories were explored in the later phase of data analysis.

The critical differences between categories are summarized in table 4-3. A detailed

explanation of those differences can be found in section 4.1.4. As mentioned before, a

two-dimensional outcome space emerged at the end of the analysis process. The

horizontal axis represents an increased involvement in problem definition and

formulation, and the vertical axis represents an increased involvement in solution

generation and selection. It became evident that the six categories formed a hierarchical

relationship based on the extent to which students were involved in problem definition

and formulation and solution generation and selection, as it is shown in figure 4.1.

Table 4-3 Category Relationships

Categories Differences between categories
Category The problgm solving constraints and gen@ral solution Qir§cti0n are
| >2 usually specified by customers. Student engineers have limited freedom
in generating solutions.
Category No solutiop is spec.iﬁed iniadvance. Student engipeers generate solutions
2 > 3&4 based on either their teqhnlcal knowledgc? and skills (category 3) or other
people's input and suggestions (category 4).
Category Student' engineers haye to idc?ntify constraints of problem solving and
455 use multiple recourses, including data and other people's inputs, to solve
problems
Category Prpblem solving includes the exploration of problem space. Student
5 <6 engineers have the freedom to define problem parameters and research

the problem to generate solutions.
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Figure 4-1 Relationship Frame for Six Categories of Experiencing of Workplace Problem
Solving

4.1.3 Categories of Description
This section presents the six qualitative ways students experience workplace problem
solving. Each category discussed in this section represents a different qualitative way of
experiencing engineering workplace problem solving. The categories were generated
based on the experiences students discussed in the interviews.
The discussion of each category includes a description of the category supported by
quotations from the interviews. The quotations are a small representation of the larger
textual basis for the analysis. Although I tried to provide some contextual basis for the

quotes, they still cannot convey the whole story contained in the transcripts. In addition,
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in order to protect the anonymity of participants, any personal information or

company/school related information was anonymized.

4.1.3.1 Category 1

Category 1 can be described as such: Workplace problem solving is following orders and
executing the plan. The focus of this category is that the way to solve the problem is pre-
defined when the problem is assigned to student engineers. Included in this category is
the experience of Linda, who illustrated this point in her discussion of how she
approached the problem solving task. In her experience, she received clear instructions on
how to solve the problem from both her supervisor and company:

To get started on this one, we started first with the trying to relocate the

materials in. A lot of that part of the project was already defined. My

supervisor told me “we have this material, we want to move it inside.

There's this material there, you gotta move it outside.” I already knew

what I needed to do and how, I just worked through—if you're familiar with

the management of change process, in Company X management of change

it gives a very clear checklist of everything you need to do for any change

that you could possibly want to make. That helps you decide what needs to

be done.
Later, Linda emphasized again that she followed the process plan documented in her
company’s internal system:

This one required a lot of information. Because there were three parts, and

I needed to know all of the different steps required for each part. Company
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X has a lot of systems in place that have information for you. Like, we call
it System X, and it has different work documents. It tells you about
different processes and what each step needs to be taken for each part of it.
When discussing the solution, Linda further highlighted that since the way to solve the
problem was already given, what she did was to execute the original plan:
For this project, there wasn't a lot of that. The goals were already defined
and all I was doing was executing.
In this particular project, there was pretty much a set path that I had to
follow. Do all of these things, in this order.
You had to make sure you knew what was on the plan, because I was
working on three different parts, and the plans for each part are different.
Figure out how, what order all of that needs to be done in. But there's still
pretty much a plan.
Linda’s interview suggests that she experienced workplace problem solving as executing
a given plan. The method of solving the problem is pre-defined, so student engineers do

not have to produce alternatives.

4.1.3.2 Category 2

Category 2 can be described as such: Workplace problem solving is implementing
customers' ideas and satisfying customer needs. Included in this category are the
experiences of Steve, Roy, James and Sarah. In these students’ experiences, workplace

problems are identified by customers and many constraints/pieces of problem-solving
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related information are provided to student engineers by customers when the task is
assigned. Steve talked about how the customers encountered problems with handles and
approached his company for help:

We were making, they're called cup impactors. It's a handle that threads
onto a cup that is used in a hip implant. The handles that were made had
two bends in them, and then they had a shaft and gear drive linkage
through them that would tighten the screw at the end and attach the handle
to the cup. They were forever breaking. The surgeons would hold the
handle and hit it with a mallet, and the force would just break the thing,
shatter it right through the middle. A lot of times, the handles would break,
the threads would break. Pretty much everybody that had to use them, all
the doctors that had to use them, hated them. We had doctors that wanted
us to make them stronger. They didn't want them to break. We had a
couple of different projects, a couple of different attempts, anyway, where
we tried to redesign these handles so that they wouldn't break, and a lot of
it, just making the walls thicker. That was one that I worked on, trying to
figure out how much bigger you'd have to make it before it'll break.

Roy also described how his company received work orders from customers:
Again, the customer approached us. We had had a longstanding
relationship with this customer. Generally, they said when they wanted to
try something new, they'd say, "Hey, this is our idea." They only had so
many engineers there, and kind of what we provide is kind of a buffer.

They have a lot of extra RND money, but they don't have enough
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engineers. You're not gonna go out and just hire a bunch of engineers.
Essentially, they kind of give us those extra projects, and when they don't
have that extra money or whatever, they just don't give anything to us.
Like I said, we provide, essentially, a buffer for our customers.
They said, "Hey, we wanna show you something different." They were
actually doing an electric version, parallel with this in our same company,
just different individual working on it. They said, "Hey, make this happen.
Let's see what you can come up with."
The project James worked on was to design a new conveyor system for his company’s
customer:
This was actually a project that the customer needed. They came to us.
They came to our company looking for us to build a new system for them
and that's how this project came about.
Student engineers whose experiences comprised this category believed that the overall
goal of their problem solving activity was to satisfy customer needs:
Steve: I mean, it was a pretty simple objective, really. The overarching
objective was to stop having complaints with these instruments. I mean,
everybody uses them, so we were trying to figure out what we gotta go to
make the complaints stop. The solution to that is make them stronger so
they won't break.
Roy: The overall main object was to produce a prototype that fulfilled all

the customer's basic requirements, as far as inputs and outputs. Have that
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done in, I'm thinking, I believe it was eight weeks. Cost wasn't a big

constraint, but mainly time, and just kinda the final functionality of it.
In those student engineers’ experiences, the problem solving requirements and constraints
were usually specified by customers when the work was assigned. Steve referred to the
product of his work as a custom instrument, and although he indicated that there were
safety guidelines and professional standards he had to follow in the design, he felt his
customer had a clear picture of every detail. The major constraint of his work was to
produce exactly what the customer asked for:

With customs, it's evolving in the industry too, but when I first started,

there was very little that you had to worry about with a custom instrument,

because the doctor was the one asking for it, so all the responsibility, more

or less, fell on him, cuz he ordered it specifically like that.

With customs, which is mainly what we were doing, because of the nature

of the industry, customs didn't have as much strict rules and guidelines.

For the project that I was working on, that impactor project, you had to

make sure that it was gonna work. I mean, that's the main constraint. It's

gotta do what he wants it to do. If it doesn't, then that's not it. A lot of

orthopedists, doctors want their instruments to look pretty. That's another

design requirement. They want things to look pretty.
In Roy’s experience, constraints such as time and packaging came directly from
customers and were communicated to him through his manager and senior engineers:

The overall end goals were just told to me. My manager said, "Hey, this is

the project. We have to come up with a surgical tool that does this, this,
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and this when you pull this trigger. It has to be done by this date, cuz they
have a show that following week. You'll be working with this person. I'll
be talking with you throughout it." Those were just given to me. The
packaging constraints, that was mainly just what the customer wanted.
They said, "Hey, we wanted this to fit inside of here." That wasn't actually
a constraint to start with, but it's kind of one of those unspoken constraints.
It's just packaging.

Those two constraints actually were. Being kinda lower on the totem pole,
you generally have exact goals and action that was given to you from like
the senior engineer and up, saying, "Hey, I need you to do this." All those
goals are very well defined. We had an exact date of when they had to
have it done, cuz they had to show. We knew exactly what it had to do,
what the output had to be, and what the input had to be. Even space claims
were given to us. Their internal industrial designers designed the housing
for this, and then we had to fit our components inside of that. Within that,
those were the main constraints, I guess, for the overall. Anything inside
was left up to us.

Sarah pointed out that there were some standards her clients set up and she had to follow
them:

I needed to use Client X’s standards. Also, the American Disabilities
Association standards, as well as the actual project files that we were

using.
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James also felt many constraints such as scope and cost were already agreed upon
between the customer and his company before he worked on the project:

We knew exactly what we were doing before we —so when we took on the

job, we knew—our scope is defined. It's written, exactly what we're gonna

do and what we're not gonna do. Everything's planned out before

engineering actually starts working on it. According to what we specify on

that scope, a bid is given that this is how much it's gonna cost the

customer. If the customer agrees, we do exactly what's said on the scope,

so it's very clearly defined.

The final date is specified by the customer, so they tell you — they tell us

when they want the project by. On any project, it can be different. Some

projects are just really quick. Some of them are maybe five days and some

can be three or four months depending on how urgent is the customer's

need. Depending on how much the time frame is, the project is given

priority. If it's something that's due within the next week or so, it's called a

hot job, basically, and those are given priority before taking the long

length project.
Because customers usually specify their expectations at the beginning, the goal and
constraints of problem solving are clear to student engineers and the way of reaching
solutions seems to be straightforward. The focus of engineering work is to implement
customers’ ideas and meet the requirements. Within this implementation process, student

engineers try out different ideas and select the best way to complete work:
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Roy: It was just kind of doing it. We had our constraints fairly well
defined. We just kind of had an idea, talked about it a little bit. Just had an
idea and just kinda made it happen.
To the overall project, it was just mainly one solution. Again, they had
kind of the idea that they wanted to, we just had to implement it. Within
that, we ran into plenty of issues during the first prototype, that you had to
go back and figure out. Okay, we have too much friction here. Let's put in
bearings. This piece is rubbing here. Let's add a little standoff instead.
Within there, there was tons of different solutions we had to come up with.
Steve: It was pretty well conveyed to me like, "Okay, this is what
needs done," so the solution was pretty easy to come to, pretty quickly, for
that. The answers come pretty quick, I mean, it was pretty straightforward
work. It wasn't really like research work at all. You didn't really have to
take too much time to figure out what you were gonna do. I mean, it was
pretty straightforward.
Because, like I said earlier, yeah, they tell you what they want you to do,
but then, I was always trying to be like, "Okay, how can we make sure?"
How do you really make sure you're doing it right? You make multiple
designs, but you really rarely had to do any more than four concepts,
maybe, to decide that what you had was about the best you can do.
Students whose experiences comprised this category also discussed how the success of

their work was measured by customer satisfaction:
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Steve: I mean, as long as the complaints stopped. The doctors and the reps
will usually call you back after, though. Usually there's like a surgery that
they intend to use it for, and if everything goes well, you usually hear back
from the sales rep that it went well or it didn't go well, so you have direct
verbal feedback from the customer whether or not what you did was good.

Roy: It was mainly just customer satisfaction, I suppose. Also the fact that
either it worked or it didn't. For the most part, it would work. Sometimes,
it would hang up. Which, again, would be nice to have another four weeks
to figure out why it was doing that. Didn't have it. Mainly just customer
satisfaction, feedback, and then just kinda the blatant, yeah it works, or no
it doesn't.

Sarah: I'm not exactly sure about criteria, but I know that it will be our
client, which is Company X, will be the one to judge the project.

James: Well, if the cust—our company has some—our internal mission in
the company is called letters in the lobby. What that basically means is if
you do a good job for a customer and if they like your work, they give you
a letter which says, "Thank you for doing this for us and we liked it." We
display that letter in our main lobby. Getting a letter in the lobby is one of
the biggest things that you can ask for at the manufacturer because that
gives you an actual evaluation, and that you did well on the project. You
did well while you were working on it, and they liked the end result, so the

customer comes back to you and says, "I liked your work." We display the
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letter proudly in our lobby, so I guess that would be a measure of success.

Yeah.
In summary, student engineers in category 2 solve problems to satisfy customer need.
The goal of problem solving and the majority of the constraints are specified by
customers, and usually customers will give specifications on what the final product
should look like. The major responsibility of such student engineers is to implement the

customer’s idea.

4.1.3.3 Category 3

Category 3 can be described as such: workplace problem solving is using mathematical
and technical knowledge and skills to solve technical problems. The focus of workplace
problem solving is to use hard engineering knowledge and skills to generate solutions to
meet technical requirements and constraints. Included in this category are the experiences
of Ethan, Alice, Ryan and Jennifer.
The main objective of Ethan’s project was to redesign an interface between the connector
and module and he felt this objective was well-defined. When talking about the
constraints of this project, Ethan went into technical details:
The main constraint that [ had was restriction in a torque direction and in a
pullout direction and maintaining the structural integrity of the connector

and the module.

www.manaraa.com



56

When discussing her own responsibility in the project, Jennifer used the word
“calculation” and discussed the specific technical constraints she encountered in problem
solving:

My main task was to calculate the overall impedance of the circuit,

because it couldn't be above—they wanted it to have really low resistance,

so it couldn't be above 0.1 or 0.2 milliohms or something like that. I had to

do constant calculations to make sure that our design fit that specification.
Ryan’s project required lots of coding and programming skills, and he identified his
problem solving constraint as a certain code he had to use:

I guess my project manager. I could have gone to him, but it was really, as

far as like constraints or guidelines it was pretty straightforward. It was, |

had to use a certain code, but that was the code that they use for their

company wide. There's no reason to go outside of it.
Alice’s project was to create an analysis to determine potential issues that would occur on
the 69kV line. In her project, she had to make sure the arresters could work in a different
power level:

One of the constraints we had was that the standards that they were giving

us didn't match the line that we had because our main company is located

in a different location, so they have different power levels than us. When

we went and tried to implement those arresters they didn't fit our design,

so we had to go back and research and look at our drawings and see which

one would work correctly without creating an overvoltage on the line.

www.manaraa.com



57

In the solution generation and selection phase, student engineers had to use their technical
knowledge and skills to come up with ideas and they felt one of the most important
criteria to select the final solution was to meet the technical requirements. For example,
Jennifer discussed how the constraint on resistance affected her choice of material in her
final solution:

It affected them quite a lot because at first I thought this design project I

could just kinda do whatever I wanted and make it work, but I was really

limited to the material I was allowed to use, because it had to be-I could

only use pieces of copper because that had the lowest resistance. I couldn't

really use chains or hooks or—kind of stuff I wanted to use, I learned I

wasn't able to use. I was very limited in the material aspect, I guess.
Ryan pointed out that knowledge of coding and schematics played an important role in
his problem solving:

I needed, I used code manuals to kind of make sure I was using the codes

correctly and those were readily available to me. I also used schematics of

all the assemblies, which were pretty readily available as well.
When Ethan described the information he needed for his project, he mentioned a lot of
technical details:

I needed dimensions of the connector that we currently we using. I needed

dimensions in the module to know what kind of room I had to meet up

with. I needed to know material properties to know what kind of strength

the connector, or the potential strength that it could have.

Then he discussed how he used different technical skills to analyze and solve the problem:
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To measure things what we had done was computer analysis on the
connector. We had to make sure there's—or on the connector there were
kind of bending tabs, so we had to have those analyzed to make sure that
they would be able to bend properly. Also, we had physical connectors
made so we could kind of play around with them and see how they
interacted and kind of optimized the geometry to help.
Ethan further discussed how he narrowed down multiple solutions to the final one based
on the technical constraints:
Mostly on how well we thought it would meet the constraints of restriction
in the areas that it had to meet restriction. Some of the connectors had
maybe good restriction in one direction, but not the other, and so that
wouldn't really satisfy our goal. We had to really narrow it down to ones
that did both and did both well. We narrowed it down to two and it really
got narrowed down to one at the end because it was a lot better at
restricting both directions.
Student engineers whose experiences comprised this category discussed how their final
problem solving product was evaluated based on the technical requirements and
performance. For Ethan, the assessment of a final solution was based on how well the
solution met the technical constraints:
We had torque requirements and force requirements that we had to meet.
There's also testing requirements. When the module is running in different

kinds of conditions it has to make sure that it stays in the module.
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Jennifer believed the criterion to evaluate the project was successful calibration:
I guess they were able to successfully calibrate some of their other models
of this product that they make, so I guess that's how.
Alice also commented on how her work was evaluated based on technical performance:
The success of the project was determined by how much it cost, how much
it was able to fix the reliability on the line, how much flashovers it would
cause on the line, and how many breaker failures it would cause.
While student engineers whose experiences comprised this category discussed multiple
aspects of their problem solving experiences, they put a strong emphasis on the technical
aspect of problem solving. Their approach to problem solving is mainly built on their
technical knowledge and skills and the main purpose of their problem solving activities is

to meet the technical constraints of the problem.

4.1.3.4 Category 4

Category 4 can be described as such: Workplace problem solving is consulting different
people and collecting their inputs. Those inputs later play a critical role in solution
generation and selection. Included in this category are the experiences of Greg, Alisa,
Todd and Zack. Unlike student engineers in category 3, who mainly relied on technical
knowledge and skills to solve problems, students in category 4 approached problem
solving by collecting and applying feedback from different people. Therefore, their final

solutions were largely impacted by other people’s inputs.
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The main objective of Alisa’s project was to make sure all sight glasses were under safety.
When talking about her major responsibilities in the project, Alisa emphasized that she
had to go through many meetings with people to understand what was going on with the
sight glasses:

I had to do a lot of meetings in order to know what sort of pressures that

the sight glasses would be under and exactly what chemicals because it

wasn't always clear exactly what was going through these pipes and into

the sight glasses. I had to do a lot of meetings to determine that and then

determine if the sight glasses were even being used by the operators. If not,

we could just get rid of them all together. It was just a lot of getting to

know what was actually happening with the sight glasses and then going

from there.
The project Greg worked on was to design a remote care system for the pacemaker. His
responsibilities in the project also included communications and gathering information:

I was required to help gather some information from marketing and also

help communicate with the software team to see whether a new feature

was feasible in the timeline.
Todd’s major responsibility in his project was to conduct tests to determine which kind of
bolt would meet the thread engagement requirements and company specifications. In the
interview, Todd mentioned how the direction of his tests was always driven by people’s

input:
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It was more, they run these tests, let's see what we got, and so a test that
probably should have taken three or four weeks took close to six or seven,
because every time we got new data, either the Project Engineer would say,
"Well, let's do this test because let's see what happens if you go this
direction," or Manufacturing would say, "Oh, I like that. Let's go that way,
cuz that kinda supports our point of view on this."
In Zack’s interview, he mentioned at the beginning he had to do some design work, but
later he recognized his major responsibility was coordinating between people and had
different groups of experts to provide verifications on his work:
I was in charge of the design, so I did the CAD work. I worked with a rep
from one of the companies that makes actuating cylinders. I was in charge
of, sort of, coordinating when this could take place. I had to go to weekend
work meetings cuz this had to go in on weekend. Can't do it during
production, so we went in on weekend to install this. A big part of the
project was coordinating between many different groups.
The next issue that came up was availability of people, getting everybody
together. We had safety people come in and verify that it would be okay.
Quality people had to ensure that this would improve the quality, not harm
the quality, and a lot of installation was done with maintenance. There's
three groups right there, and there were a few other involved, but getting
everyone together was tough.
When asked how solutions were generated, Alisa mentioned her company brought

experts from an outside company to help them find solutions:
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Well our plant had just been acquired by Company X, it was initially
Company Y. We were using Company X standards to follow. We already
had sort of a guideline of this is what you need to do. We just kept going
until we got to their standards, but then we did bring in the engineering
company who were very familiar with what Company X standards were.
They definitely guided us in saying when you have this, this is what you
need. When you have that, this is what you need. That helped us a lot.
They would offer up solutions, like why don't you just use a rotometer
that doesn't have a sight glass on it or just use some sort of level thing that
pops up or down and goes to some sort of computer.
In Alisa’s case, multiple solutions were generated and the selection of the best solution
was based on the operators’ preferences:
Yeah, it was usually the operator who would tell us because they're the
ones who use it, who actually like I use this in order to tell this or if we
have a problem I troubleshoot from here.
They would usually have the final decision because if they say they
definitely need it then we would have to come up with a way to replace it.
If they say okay fine I can do without it, then we would say okay good and
we could get rid of it. Usually the operators had final say.
In Todd’s project, usually the people he worked with in the project, like project engineers

and manufacturing people, would determine the choice of test:
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I told you, the test grew every couple weeks. After we conducted one test,

they’d say, “Oh, that’s an interesting result. Let’s do this one as well,”

which was kind of frustrating for me, because I'm used to a classroom

setting where it’s kinda like, “Complete this, and you’re done.” This one

was, “End up somewhere around here, and we’ll decide whether we’re

done when we get to that point.”
In Greg’ problem solving experience, the solutions were generated based on team
brainstorming, and the final solution was chosen based on team members’ experience:

It was my team, and they have previous experience. They just followed the

previous experience.
In summary, student engineers in this category worked and communicated with different
people in the engineering workplace to collect inputs and feedback in order to generate
solutions and finalize ideas. Students’ personal knowledge and preferences on the

solution became insignificant in this category.

4.1.3.5 Category 5

Category 5 can be described as such: Workplace problem solving is using multiple
resources such as data and perspectives from other people to draw conclusions or support
decision making. Included in this category are the experiences of Clare, Nick and Kelly.
The student engineers whose experiences comprised this category discussed using

evidence such as data and people’s suggestions to draw conclusions and make decisions.
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The main objective of the project that Nick worked on was to lower packaging waste.
However, it was not clear what factors were contributing to the waste. Therefore, Nick
had to analyze the process data to compare findings in the data with information he
received from plant engineers and identify factors that impacted the packaging waste:

I'd say, like I mentioned before, it was—it's a lot of analyzing process data

cuz really, we would be in communication with the engineers in the plants

a lot and they would—we'd come to them saying, all right, what are you

seeing in the plants that's impacting the packaging waste number? They'll

say, it's—it could be this or this and then we'd go and look into this data

reporting system that tracks all the different manufacturing metrics, how

many products are being made per day, where are the products being lost,

and try to pinpoint where it's going wrong and try to support their

argument with some kind of graphical evidence or statistical evidence.
During the process, Nick consulted with different people to make sure he interpreted data
in the correct way:

We communicated a lot with the person who was kind of responsible for

implementing all these different data reports where you can have it tell

you all the different statistics and whatever. We talked a lot with the

people who develop that to kind of get a better feel for what exactly the

data is representing so that we weren't looking at something and trying to

say that it was representative of something it wasn't, just kind of wasting

our time doing something like that. We talked a lot to the people who were
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familiar with that system before we just kind of jumped in making a lot of
claims about some set of data.
Nick further explained that data and people’s input were two major issues that informed
his problem solving:
I think a lot of it came down to analyzing the data that we got from our—
from the database system was the biggest one. Then also you kind of have
to get into the plants and talk to the people who are seeing the stuff every
day, like the operators and that kind of thing. We relied a lot on their
experience to kind of help us along in solving the problems. Then at the
same time, we kind of had to look at the data and correlate that somehow
to what they're telling us.
Kelly worked on a project aimed at increasing the yield of three mills, and she also
recognized she had to take into account both people’s inputs and data resources to solve
the problem:
A lot of the resources were like people resources, so we needed like a
perspective from both the operator stance and the upper level management
stance because they both had different things and saw things from
different perspectives. Okay, well, some of the data resources that we
needed were like previous yields and like previous like OD/ID wall
measurements and stuff like that.
Similarly, her approach to problem solving included the use of statistical analysis as well

as communication with operators to identify areas for improvement:
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I mean, it was a method of like making a bunch of like different charts and
tables that we could look off of, or making like different diagrams, or just
looking at something and seeing hey, why are we doing that and going
back and asking the operator is there any way we can-like say, for
example, in one part of the event we wanted to cut back less, so like we're
taking a foot off of each end every time it goes through a process. Why
aren't we taking less? Why aren't we taking a half a foot and saving some
of that material? It was a matter of just either going out and doing it or
looking at the data we had and trying to draw some sort of conclusion.
Early in the inter