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Bending Moments to Business Models: Integrating an
Entrepreneurship Case Study as Part of Core Mechanical
Engineering Curriculum
Abstract
This is a pilot study of an instructional technique that teaches important solid mechanics
concepts within the context of an entrepreneurship case study and lab. Students were tested preand-post the case study/lab experiences to determine changes in engineering and entrepreneurial
content knowledge, entrepreneurial self-efficacy and career intent. Results show that students
can increase their knowledge of targeted entrepreneurship concepts without diminishment of
learning core engineering concepts. While the case study experience did not significantly change
entrepreneurial career intentions it did grow students’ perceived entrepreneurial self-efficacy (as
measured by confidence in business skills), which can be a precursor to changing career intent.
The case study experience also appealed to a broad spectrum of students with career interests
ranging from working for a start-up to working for an established global business. The
implications of entrepreneurial case study instruction are discussed.
1. Introduction
The career pathway for engineering students overwhelmingly leads to industry. A recent study
by the National Science Foundation of newly graduated engineering bachelor and master’s
degree recipients shows that 75 percent of graduates are employed by “private industry or
business.”1 It is apparent from reports like The Engineer of 20202 that an engineer’s education
would benefit from instruction in a broader range of career-based skills, particularly in business.
An important career-based skill is entrepreneurship that at its core seeks to deliver new and
unique goods and services to customers. The Engineer of 2020 refers to this process as
“customerization” and states that in the future, increasingly:
“Engineers will be asked to accelerate and expand customerization as
businesses compete to build and maintain a strong customer base, wherever
those customers may be.” (p37)
However, traditional engineering curriculum leaves little time for extra coursework. A recent
study of 110 U.S.-based engineering programs showed that less that 20 percent “routinely
practice” any type of business or entrepreneurship activity3. In general, engineering faculty has
not embraced the teaching of entrepreneurship; only 16.5 percent routinely engage engineering
students in entrepreneurship3. This stands in contrast with student attitudes; in one recent study
82 percent of engineering students agreed with the statement “entrepreneurship education can
broaden my career prospects and choices.”4
In this study we explore the benefits and challenges of integrating entrepreneurship into core
engineering curriculum. This is accomplished by combining a business school-style case study
featuring a realistic entrepreneurial scenario with a typical engineering lab. The case study
“Madison Longboard” chronicles two engineering student graduates as they start a company that
makes skateboards specialized for marathon competition. The case study introduces several

entrepreneurial concepts, such as business models, mission statements, and SWOT analysis, in
the context of product development that requires calculation of static forces that lead to design
and sourcing decisions. Two engineering labs on forces, moments, and normal bending stresses
help resolve the business problem presented in the case study.
2. Case Study Method Instruction
Engineers working in business require the ability to solve relevant engineering problems “in
uncertain and even currently unknowable environments.”5 The pedagogical goal of the case
study method is to create this environment in the minds of students while they learn new
concepts and solve important problems. The case study method is widely used in business
schools to explore “the ‘wicked’ problems that potential managers will face in an uncertain
world”6 and encourage the “development of critical thinking and sense making abilities.”7 Over
time, the case study method has become a popular teaching tool because its been shown to help
the student connect theory with a practical application that increases the relevance of the
potential solution8. Case-based instructional methods have long been used in engineering
education, almost exclusively in the context of ethics where “there is widespread agreement that
the best way to teach professional ethics is by using cases.”9
Less common is the use of the case study method to integrate business learning, specifically
entrepreneurship concepts, with core engineering curriculum. Weaver and Rayess,10 on behalf of
the KEEN Network, have developed a series of short case studies across a variety of
entrepreneurial situations that are incorporated into various engineering courses. Garcia et al.11
tested an entrepreneurial case study within a civil engineering course that covered topics such as
market segmentation and a rudimentary competitive analysis, subjects not typically covered in a
core engineering curriculum. In both studies, post intervention research reported high levels of
student engagement and satisfaction with the case study technique, as well as enthusiasm for
entrepreneurship. However, there was no indication of either the extent or quality of the
entrepreneurial learning or the impact on the core engineering learning.
In an attempt to prepare engineers for a business career many educational institutions have
adopted a pedagogical approach that can generally be described as “design thinking.” While the
concept of design thinking can mean many things, the definition by Tim Brown, President and
CEO of IDEO, provides a relevant framework. Brown describes design thinking as:
“…a discipline that uses the designer’s sensibility and methods to match people’s
needs with what is technologically feasible and what a viable business strategy
can convert into customer value and market opportunity.” 12
The pedagogical goal of design thinking is innovation. It is achieved by finding the intersection
of what is feasible (typically the domain of engineering), with what is viable or profitable
(typically the domain of business schools) with what is desirable. Design innovation is the
intersection of these activities13, as shown in Figure 1.

Figure 1 – A design thinking framework
Within engineering education, design innovation is usually achieved through a capstone
experience, and many good examples of this exist within the engineering education community.
However, capstone experiences can be resources-intensive, taking a substantial amount of time
(often a semester or academic year14) and significant funding to deliver on design thinking
pedagogical goals. An advantage of engineering case study instruction is the ability to engage
students in design thinking (technology, business and human values) on a topic-by-topic basis,
with relatively small investment of time and resources.
3. Research Questions
A primary concern relating the introduction of entrepreneurial content within core engineering
coursework is the displacement of engineering teaching time, resulting in a diminishment of core
engineering conceptual learning. This is why within most engineering programs entrepreneurial
instruction and experiences are often relegated to extracurricular activity3. On the other hand,
business schools have effectively used the case study method to not only teach core business
skills but to instill critical thinking skills that help the student navigate in a world that is
“complex and ambiguous with no right answers and no single explanation of events.”6 We
hypothesize that a well-designed case study can deliver both a thorough understanding of the
core engineering concepts and a significant increase in understanding of basic entrepreneurial
concepts. Our first research question asks:
(Q1) Does the introduction of entrepreneurial concepts into a core engineering
curriculum diminish the learning of core engineering concepts?
As engineering students prepare for a post graduation career, they consider several factors.
Social Cognitive Career Theory (SCCT) posits that career interests develop overtime as a
function of self-efficacy and the expected outcome related to a career choice15,16. While we are
not proposing this research as a test of the social-cognitive model, the elements of SCCT can be
helpful in structuring our questions. For example, the case study method can help students build
entrepreneurial self-efficacy by showing how their engineering knowledge (and new business
knowledge) can help solve key entrepreneurial problems. In addition, the case study story can
highlight potential positive outcomes of a successful entrepreneurial experience. Measures of
academic satisfaction have been used as a proxy for a student’s outcome expectations within the
SCCT model17 and we propose using student satisfaction with the case study and lab experience
for this analysis.

Our second and third research questions are:
(Q2) Do students with a career interest in entrepreneurship report greater
satisfaction in a case study experience than students with a lesser interest in
entrepreneurship?
(Q3) Does a case study experience improve a student’s entrepreneurial self-efficacy
(as indicated by confidence in business skills)?
Building self-efficacy involves a process that Bandura refers to as “human agency”
defined as “to intentionally make things happen by one’s actions.”18 This is a cognitive
process that leads to a specific behavior or action. While Bandura suggests that true
changes to self-efficacy require “repeated exposures to modeled preferences,”19 we are
curious if a one-time exposure to an entrepreneurial experience via a case study can have
an effect on long-term entrepreneurial intentions among students in a core engineering
class. Therefore, our fourth and final research question is:
(Q4) Will students’ career interest in entrepreneurship change pre-to-post a single
entrepreneurial case study experience?
4. Methods
This pilot research was conducted to determine if it was possible to integrate an entrepreneurial
case study into core engineering curriculum and, to a lesser extent, to measure the efficacy of the
pedagogy. As a result, this research contains no randomized controls and therefore lacks the
ability to make causal inferences about the effect or impact of educational experiences. The case
study and labs were integrated into a 10-week, 20-session introductory engineering solid
mechanics course at a western private university in fall and winter quarters of the 2012-2013
academic year. A week-by-week overview of the class is shown in Table 1.
Week
1
2
3
4
5
6
7
8
9
10

Topics
Forces: Vocabulary, Representations and Manipulation Math Basics
Moments: Representation and Equivalent Load
Equilibrium: Summing Forces and Moments
Entrepreneurship Case Study
Free Body Diagrams: The Key Image
Equilibrium: Analysis and Trusses
Safety Factors - Ethics
Bridges: Design and Construction

Lab

Analysis of Machines
Analysis of Beams: Loads and Stresses
Entrepreneurship Case Study
Statically Indeterminate Problems
Role of Friction in Equilibrium
Analysis of Distributed Loads

Bicycle Analysis

Homework
Forces

Tower Design

Device Operation

Moments
Equilibrium
Entrepreneurship
Free Body Diagrams

Hyatt Ethics Case

Trusses

Design Exercise

Bridge Report

Longboard -Trucks

Longboard - Deck

Frames, Machines, Beams
Entrepreneurship
Friction and Statically
Indeterminate
Final Project Poster Session

Table 1 – Solid Mechanics course overview by-week showing learning topics
and placement of the two (highlighted) entrepreneurial case study/labs

The class includes 7 in-class labs, as well as a final, student directed project. Each class
session lasted about two-hours and generally the first weekly class session was dedicated to a
lecture on the relevant solid mechanics topics, while the second weekly class included a
hands-on lab experience.
•

Participant Demographics: The participant base included 174 students over the two quarters.
Participation in the surveys was either voluntary or for small “homework reward” points.
Participants in the first quarter completed four surveys, which allowed for pre-to-post
comparisons. This was judged overly burdensome, so the second quarter participants
completed two surveys, all post lab experience. Between the two quarters, data were
collected on 160 students (92% participation) and the resulting participant sample is 38.1
percent female, 20.3 mean years of age. As participation was voluntary, sample sizes vary by
question. Most of the respondents were planning to declare a mechanical engineering major
(but at this stage of their education many have not officially declared a major) and other
students expressed interest in civil engineering, physics and mathematics.

•

Case Study Method Curriculum: The two-part case study was developed to involve two lab
experiences – analysis of beams (referred to as Longboard - Trucks) and elasticity of
materials (referred to as Longboard - Deck). The case study incorporated 12 engineering
concepts drawn from the undergraduate engineering course text20 and 10 entrepreneurial
concepts selected from a popular graduate-level textbook on entrepreneurship21. Each part of
the case study involved 4-6 pages of text, 1-2 exhibits and required about 30 minutes outside
of class to read. The course mechanical engineering professors presented the case study and
briefly discussed the entrepreneurial concepts. In total, about 30 minutes of class time (out
of 20 hours for the quarter) were dedicated to classroom discussion of the entrepreneurial
concepts. The concept topics included in the case study are shown in Table 2 and a complete
list of the topics covered in this class is shown in Attachment A.
Engineering Concepts
Longboard - Trucks
Longboard - Deck

Normal force
Normal stress
Moments
Moment center
Planar systems
Safety Factor

Modulus of elasticity
Deflection
Neutral Axis
Cantilever beam
Bending stress
Design for safety

Entrepreneurial Concepts
Longboard - Trucks
Longboard - Deck
Business model
Value proposition
Revenue model
Cost model
Profit model

Vision statement
Mission statement
SWOT analysis
Business risk
Business uncertainty

Table 2 – Key learning concepts included in the two-part case study and labs
The narrative of the case study involved a realistic entrepreneurial scenario about two
recently graduated mechanical engineering students from the University of Wisconsin who
decide to start a company that makes longboards (a type of skateboard) specialized for
marathon-distance competition. The characters (one male, one female) offer different points
of view on the approach to the business and design of the product. The first part of the case
deals with the forces on the longboard trucks (wheel assembly) and then using these data to
choose a potential supplier, of which there are two (of four) viable options. The second part

of the case involves selecting a deck material (from three choices) and then designing the
longboard deck (length, width and depth) to meet both safety and aesthetic criteria.
•

Lab Elements/Worksheet: Each part of the case study was accompanied by a four-page
worksheet that was mostly completed in class during the lab experience. The fourth page of
each worksheet covered the entrepreneurial concepts and was completed as class homework.
The lab experiences were designed to use practical and inexpensive materials an
entrepreneurial engineer might use to help make decisions. The Longboard - Trucks lab
(beam analysis) used two joined meter sticks, rolling weights and a jeweler’s scale to
estimate rider-induced loads at different points on the longboard. The Longboard - Deck lab
(deflection) used strips of material (maple, plywood and polycarbonate/acrylic), L-brackets
for support, a card to mark deflection distance and a luggage scale to exert force. The set-up
for each lab is shown in Figure 2.
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Figure 2 – Longboard Lab materials and set-up
•

Content Questions: The student respondents completed four on-line surveys in fall quarter,
which were administered before and after the Longboard - Trucks and Longboard - Deck
experiences. In the winter quarter, two on-line surveys were completed, after each of the two
lab experiences. Each survey contained 10 content questions (5 engineering and 5
entrepreneurship), which were unique to each lab, resulting in 20 total pre-post content
measures (10 engineering and 10 entrepreneurial). The content questions had between 4 and
5 multiple choice answers, which were presented in random order. Demographic, career
intent, and self-efficacy questions were asked before the first lab and after the second lab; lab
experience questions were asked following each lab experience (see below). Stanford
University Institutional Review Board (IRB) approved the survey and research protocol.

•

Measure of Career Intent: Student respondents were asked once before the Longboard Trucks lab experience and a second time after the Longboard - Deck lab experience about
their career intention using the question, “Looking into your future, over the 5 years from
your graduation how likely are you to do any of the following?” The choices included selfemployed, small business/start-up, medium or large size US-based business, multi-national
global business, government and non-profit. Responses were collected using a 5-point Likert

scale of likelihood ranging from Very Unlikely (1) to Very Likely (5) with (3) as neutral.
This question was adapted from a longstanding alumni survey instrument22.
•

Measure of Self-Efficacy – Skills: Student respondents were asked pre-and-post each of the
two lab experiences about their confidence to perform in a series of business-related skills.
This item was drawn from previous studies on engineering persistence23,24. The question was
“How confident are you in your ability to do each of the following at this time?” The eight
choices included recognizing a good idea, financing a new business, marketing approach,
negotiating prices with a supplier, leading a team of people, and promoting accomplishments.
Responses were collected using a 5-point Likert scale of confidence ranging from Not
Confident (1) to Extremely Confident (5) with 3 as neutral. The self-efficacy of businessrelated skills scale showed high reliability (Cronbach’s alpha = 0.84 pre and 0.82 post).

•

Measures of Case Study and Lab Satisfaction: Student satisfaction on the overall case study
and in-class lab experience was measured with a question drawn from Garcia et al.11 This
question asked about satisfaction with the case study experience and included 8 items
ranging from “the case study helped me synthesize ideas and information from the course” to
“the case study allowed me to view an issue from multiple perspectives,” including two items
that were reverse scored to help eliminate selection bias. Responses were collected using a 5point Likert scale of agreement ranging from Strongly Disagree (1) to Strongly Agree (5)
with (3) as neutral. The items had high reliability (Cronbach’s alpha = .80), so the items
were averaged to form a single the Case Study/Lab Satisfaction (CSLS) Score.

•

Student conceptual maps: As a course-concluding exercise, students were asked to draw a
map of the concepts included within this entire course experience. After brief instruction on
conceptual maps, students were given a list of the topics covered in class and asked to draw a
conceptual map linking these ideas together that reflects their understanding of the course.
We were interested in how students would link the entrepreneurial concepts in the context of
the core engineering curriculum concepts. A representative sample (n = 38) of these maps
were analyzed using the techniques described by Turns et al.25 with pre-defined concepts,
where the core concept (center point) is recorded as a starting point and then all first order
hierarchical associations are recorded. Key linkages between first order concepts are defined
using a “holistic approach” described by Besterfield-Sacre26.

•

Statistical Analyses: This analysis focuses primarily on the student respondents who
answered all pre-and-post questions for each scale. Normality was assessed using the
Shapiro-Wilk test, and the data were found to be normally distributed. Single-sample pairedcomparison t-tests were performed. Correlations were done as Pearson Product Moment
Correlations with two-tailed significance. The level of statistical significance for all analysis
is p-value < 0.05.

5. Results
(Q1) Does the introduction of entrepreneurial concepts into a core engineering
curriculum diminish the learning of core engineering concepts?

Overall, there is evidence that students’ knowledge of both engineering and entrepreneurial
concepts increased through the case study and lab experience. Of the 20 questions asked (10
engineering and 10 entrepreneurial) in the pre-surveys, students correctly answered an average of
10.4 questions, and this increased to 13.3 mean correct answers in the post-survey, a statistically
significant increase of +2.9 mean correct answers, as shown in Table 3. It is encouraging to note
that there were similar increases in both engineering content questions (+26%) and
entrepreneurship content questions (+29%), indicating a balanced impact on learning

Questions
Engineering (out of 10)
Entrepreneurial (out of 10)
Total (out of 20)

n
75
75
75

Correct Answers
Pre
Post
5.3
6.7
5.1
6.6
10.4
13.3

Increase
+26%
+29%
+28%

Difference
+1.4
+1.5
+2.9

p<#
.000
.000
.000

# bold is significant

Table 3 – Mean Correct Answers to Content Questions Pre-to-Post-Lab Experiences
These results were also somewhat surprising. The relatively high level of pre-existing familiarity
for both the engineering and entrepreneurial concepts (about 50% correct compared to a 20-25%
level associated with random guessing) indicated that students come to this experience with a
significant knowledge base. Also, the relatively low level of correct answers post the case study
and lab experience (about 67%) and its consistency across subjects suggests more learning may
be possible through refinement of the teaching process.

Figure 3 – Quadrant analysis by Pre-to-Post Changes
in Mean Correct Answers to Content Questions
It was also clear that increased learning was not consistent among all students, as shown in
Figure 3. Some students showed increased learning for the engineering concepts and not
entrepreneurial concepts, other students showed just the opposite. Some students showed no

growth in learning in either category and some students showed significant increases in learning
in both engineering and entrepreneurial concepts.
It is encouraging that the largest grouping of students, we call “Eager Learners” (Quadrant 4 –
48.0% of students), showed significant increase in pre-post learning of both engineering and
entrepreneurship concepts. Recall, the mean number of correct answers for the combined
engineering and entrepreneurial questions was +2.9 pre-to-post, while the “Eager Learner” group
had +6.53 mean correct answers: +3.14 engineering answers and +3.39 entrepreneurial answers
pre-to-post. This supports the underlying hypothesis of this research that students can learn
engineering and entrepreneurial concepts concurrently.
Equally interesting is that two additional groups emerged, “Engineering Receptive” (Quadrant 2
- 12.0% of students) and “Business Receptive” (14.7% of students) who exhibit diametrically
opposed learning experiences. The “Engineering Receptive” showed a statistically significant
increase in mean correct answers to the engineering concepts (+2.89) and about the same level of
mean correct answers to the entrepreneurial concepts (-.33). The “Business Receptive” students
showed an opposite significant increase in mean correct answers to entrepreneurial concepts
(+2.27) and about the same level of mean correct answers to the engineering concepts (-.55).
Finally, a noteworthy portion of the students, we call “Concerning Students” (Quadrant 1 –
25.3% of students) showed a significant decrease in mean correct answers to both engineering
content questions (-1.57) and entrepreneurial content questions (-1.47). It is not clear why this
these decreases occurred. There is no significant pattern of age, gender or career intent associated
with Quadrant 1 students and, as will be shown, these students reacted positively to the case
study and lab experience.
Based on the overall mean correct answer increase for both engineering and entrepreneurial
concept questions, we find evidence to support our hypothesis that students can increase their
knowledge of targeted entrepreneurship concepts without diminishing the learning of core
engineering concepts.
(Q2) Do students with a career interest in entrepreneurship report greater
satisfaction in a case study experience than students with a lesser interest in
entrepreneurship?
Students’ career intent was measured with a 6-item question that included a range of career
choices, as shown in Table 4. There were no significant differences in career intent pre-to-post
for the fall quarter students, so results were averaged across the two surveys and combined with
results from the winter quarter students.
Results show that students in this study have a significant interest in an entrepreneurial career,
specifically working for a start-up business. While self-employment had a mean likelihood
rating of 2.95 (versus 3.0 neutral), working for a start-up had a mean likelihood rating of 3.61,
significantly above neutral. A significant portion of students rated “self-employed” (32%) and
“working for a start-up” (65%) as either “likely” or “very likely” career options post graduation.

After graduation, how likely are you to:
… be Self-Employed
… work for Start-Up
… work for Medium/Large US Business
… work for Multi-National Global Business
… work For Government
… work For Non-Profit

Mean Rating*
2.95
3.61
3.66
3.46
2.81
2.86

p< **
.571
.000
.000
.000
.025
.084

4-5 Rating #
47
97
108
83
46
44

% Sample
32%
65%
73%
56%
31%
30%

n = 149 *3.0 is the neutral score ** statistical difference from the neutral score, bold is significant
# number of students who answered “Likely” (4) or “Very Likely” (5) to this career option

Table 4 – Career Intent as measured by Likelihood of Post-Graduation Employment.
Working for a larger, existing business was also interesting to students as medium/large US
business or multi-national global business had mean ratings of 3.66 and 3.46, both significantly
above neutral, and a large portion of students (73% and 56%, respectively) indicated this was a
likely or very likely career option post graduation. Finally, working for government or a nonprofit organization had overall lower than neutral ratings, but still a significant number of
students (31% and 30%, respectively) listed this as a likely or very likely career choice. It should
be noted that it is possible for one student to fall in several groups, reflecting both the varied and
uncertain career interest of students at this stage of their educational experience.
On a separate note, mean career intent ratings were highest for working in a “medium-to-large
US-based business” or a “multi-national global business.” In fact, these ratings equal or exceed
the career intent ratings for working for a start-up or founding a business. This supports an
approach that focusing solely on start-up entrepreneurship may be limiting with students relative
to their career intent, and that emphasizing both entrepreneurship in a start-up business and a
existing business (sometimes called “intrapreneurship”27) may be an effective way to shape
learning experiences that introduce business skills and concepts into an engineering curriculum.
Student satisfaction with the case study and lab experiences was measured with an 8-item
question. As previously indicated in Methods, these items had high reliability (Cronbach’s alpha
= .80), so the items were averaged to form a single the Case Study/Lab Satisfaction (CSLS)
Score. This score was calculated by student career intent and by student learning quadrants, as
shown in Table 5.
Career Intent
Self-Employed
Start-Up
M/L US Business
Global Business
Government
Non-Profit

n
45
93
102
79
43
43

CSLS Score*
3.04
3.16
3.16
3.21
3.23
3.21

*3.0 is the neutral score

p<#
.659
.003
.002
.000
.005
.007

Learning Quadrant
Concerning Students (Q1)
Engineering Receptive (Q2)
Business Receptive (Q3)
Eager Learners (Q4)
Total CSLS

n
19
9
11
36

CSLS Score*
3.31
2.93
3.31
3.13

p<#
.029
.643
.010
.128

158

3.13

.003

# statistical difference from the neutral score, bold is significant

Table 5 – Case Study/Lab Satisfaction (CSLS) Score
by Career Intent and by Learning Quadrant.

Overall, the Case Study/Lab Satisfaction (CSLS) Score was 3.13, statistically significant above
neutral suggesting that students approved of the case study and lab experience. Students who
expressed an interest in a start-up career had a statistically positive rating for the case study and
lab experience, which is encouraging given the subject of the case study was a start-up company.
It is also encouraging to note that students who expressed an interest in working for a
medium/large US business, a global multi-national business, government work and non-profit
work also had positive ratings for the case study and lab experience. (Recall, an individual
student can fall into several groups) Students who expressed a likelihood of self-employment
were the only career intent groups to rate the case study and lab experience as neutral.
The learning quadrant groups also rated the case study experience differently. Not surprisingly,
students in the “Business Receptive” quadrant had a 3.31 rating to the case study experience, the
highest score of any group and statistically significantly higher than both a neutral score and the
overall average score. Conversely, the “Engineering Receptive” quadrant had a score of 2.93, the
lowest of any group, and while not statistically different than neutral, it is significantly lower
than the ratings of the “Business Receptive” quadrant. It is also important to note that the
“Concerning Students” quadrant had a score of 3.31, significantly above average, which suggest
something other than satisfaction with the case study experience suppressed their pre-to-post
correct content question scores.
Based on this, we find evidence to support our hypothesis that a stronger interest in
entrepreneurship, in this case “working for a start-up,” will be associated with a greater
satisfaction with an entrepreneurial case study experience. We are also encouraged that the case
study experience had appeal to students interested in other career paths including established
business, government and non-profit careers.
(Q3) Does a case study experience improve a student’s entrepreneurial self-efficacy (as
indicated by confidence in business skills)?
Students’ entrepreneurial self-efficacy was measured with an 8-item question that included a
range of common business skills, as shown in Table 6. A principal component analysis with
Varimax rotation (and Kaiser normalization) of the post-lab experience ratings was conducted on
this sample to identify internal consistency in business skills. This analysis revealed a two-factor
solution with 5 skills loading as a primary factor and 3 skills as a secondary factor, which are
labeled Functional Skills and Interpersonal Skills. Finally, given the high reliability of all 8 items
(alpha = .82-.84) a combined rating was computed as an average.
Overall, students reported a significant increase in self-efficacy pre-to-post the case study and lab
experiences. Prior to the case study and lab experience, students had an overall self-efficacy
rating of 2.68, with functional skills at 2.29 and interpersonal skills at 3.34. Following the case
study and lab experience, students overall self-efficacy rating significantly increased to 2.92,
with functional skills significantly increasing to 2.63, showing a real gain in entrepreneurial skill
confidence. Interestingly, interpersonal skills did not increase significantly, perhaps because they
were the highest rated skills (both pre- and post-) and the case study and lab experiences did not
require much teamwork or group interpersonal skill activity.

Functional Skill Factor*
Recognize when an idea is good enough to support a major business venture
Know the steps needed to finance a new business venture
Pick the right marketing approach for the introduction of a new product or service
Work with a supplier to get better prices
Estimate accurately the costs of running a project
Business Skills

Pre-Labs
2.52
1.68
2.38
2.53
2.33
2.29

Post-Labs
2.73
2.23
2.76
2.76
2.70
2.63

Diff
0.21
0.55
0.38
0.23
0.36
0.34

p<#
.114
.000
.006
.108
.004
.000

Interpersonal Skill Factor*
Lead a team of people
Communicate my ideas effectively to people in different positions or fields
Promote my accomplishments to senior colleagues
Interpersonal Skills

3.68
3.52
2.83
3.34

3.70
3.70
2.82
3.40

0.02
0.18
-0.01
0.06

.883
.090
.904
.448

Entrepreneurial Self-Efficacy Rating

2.68

2.92

0.24

.002

n = 68, all students who answered pre- and post-self efficacy questions *3.0 is the neutral score # bold is significant

Table 6 – Student Self-Efficacy Ratings Pre- and Post-Case Study and Lab Experiences
The important entrepreneurial business skills of financing a new venture, marketing a new
product and estimating costs showed significant ratings increases pre-to-post the case study and
lab experience. This is encouraging because these skills were embedded into the case study
experience and practicing them seemed to increase self-efficacy. On the downside, even with
these gains, overall rating for Functional Skills was less than neutral (3.0) indicating that students
did not see these skills as a competence.
We also explored how this change in entrepreneurial self-confidence impacted satisfaction with
the case study experience and how this change related to career intent. We conducted a bivariate
Pearson correlation (with two-tailed significance) on key variables relating to pre-to-post
changes in self-efficacy, post lab self-efficacy ratings, case study/lab satisfaction (CSLS) scores
and career intent ratings. The analysis revealed no correlation between pre-to-post change in selfefficacy score and CSLS (r = .054, p=.664) or any measure of career intent. However, post lab
self-efficacy score did significantly correlate with career intent for both “found a business”
(r=.459, p=.000) and “work for a global business” (r=.378, p=.001), as shown in Table 6.
1
2
3
4
5
6
7
8
9

Variable
Self-Efficacy (pre-post change)
Self-Efficacy (post rating)
CSLS Score (Satisfaction)
Career Intent Ratings
Found a Business
Work for a Start-Up Business
Work for a Medium/Large Business
Work for a Global Business
Work for the Government
Work for a Non-Profit

1
-.415
.054

2

3

--.011

--

.169
.074
-.076
.069
-.063
-.103

.459
.179
.088
.378
-.091
-.064

-.075
.149
.021
.153
.105
.056

4

5

6

7

8

-.691
-.131
-.049
-.200
.056

-.095
-.123
-.168
.164

-.519
-.078
-.117

--.074
-.184

-.352

n = 68, all students who answered pre and post-self efficacy questions

bold is significant

Table 6 – Correlation Coefficients for Case Study/Lab Satisfaction (CSLS) Scores,
Self-Efficacy and Career Intent

Based on this, we find support for our hypothesis that a case study experience can have a positive
effect on a student’s entrepreneurial self-efficacy. However, this change in self-efficacy did not
translate into satisfaction with the case study experience. In a way, this is good news because it
suggests that regardless of a student’s satisfaction with the case method of instruction they can
acquire important entrepreneurial business skills. This leads to our final question …
(Q4) Will students’ career interest in entrepreneurship change pre-to-post a single
entrepreneurial case study experience?
Students’ career intent was measured with a 6-item question that included a range of career
choices. The sample for this analysis was all students who answered this question pre-lab and
post-lab. To answer our research question we conducted a bivariate Pearson correlation (with
two-tailed significance) on key variables relating to career intent comparing scores pre-lab
experiences with scores post-lab experiences, as shown in Table 7.
Career Path
Found a Business
Work for a Start-Up Business
Medium/Large US Business
Global Business
Government/Public Sector
Non-Profit

Career Intent Ratings
Pre-Lab
Post-Lab
2.87
3.02
3.66
3.45
3.70
3.78
3.48
3.45
2.61
2.61
2.85
2.88

Diff
0.15
-0.21
0.07
-0.03
0.00
0.03

p<#
.221
.040
.416
.732
1.00
.785

n = 66, all students who answered pre- and post-self efficacy questions *3.0 is the neutral score # bold is significant

Table 7 – Career Intent Ratings Pre- and Post-Lab Experiences
Not surprisingly, the pre-to-post change in entrepreneurial career intent (“founding a business”)
increased a non-significant (+.15 p=.221), given the relatively small sample size. The lack of
any positive changes in career intent may simply reflect the difficulty in changing long-term
career expectations through a short-term, single class experience. Interestingly, career intent
actually decreased for “working for a start-up business” (-.21,p<.040), perhaps convincing some
students not to just work for a start-up but actually start a company.
Based on this, we find no support for our hypothesis that students’ career interest in
entrepreneurship will change pre-to-post from a single entrepreneurial case study experience.
However, these results might have been different if the intervention was a series of case study
experiences, perhaps some focused on entrepreneurial careers and some focused on working at a
larger, established business with all case study experiences focused on building an overall
“business self-efficacy.”
Other Findings –
Student Conceptual Map - As a course concluding exercise, students were asked to draw a map
of the concepts included within this entire course experience. After brief instruction on
conceptual maps, students were given a list of the topics covered in class (Appendix A) and
asked to draw a map linking these ideas. We were interested in how students would link the

entrepreneurial concepts in the context of the core engineering curriculum concepts. A summary
version of the student conceptual map is shown in Figure 4.
Joints

Trusses
Bridges

Beams

Moments
Equilibrium

Forces
Solid
Mechanics

Materials

Free Body
Diagrams
Analysis

Design
Labs

Safety

Business

Math
Equations

Figure 4 – Student Conceptual Map of Course Content
Most students placed the course name and meta-topic “Solid Mechanics” at the center of their
map, which is not surprising given they tend to think of this class as a foundation for their own
studies in mechanical engineering. The primary linking concepts to the core concept were
“Analysis” and “Forces.” “Analysis” seemed to include all the mathematics of the course and
linked to Free Body Diagrams in practice. “Forces” was another primary linking concept, which
was connected to “Beams” and “Trusses” (and a bridge building project), and to a lesser extent,
“Materials.”
There were two other primary linking concepts – “Equilibrium” and “Design.” “Equilibrium”
seemed to be the linking concept between “Forces” and “Analysis,” using “Moments” and
“Joints” as applications of equilibrium. “Design” was the fourth major linking concept and to a
certain extent a catch-all for a variety of topics ranging from “Safety,” “Labs,” and “Business.”
In the context of this research, we were pleased to see business concepts listed prominently in
students’ conceptual maps of course content. This gives encouragement for the idea that
business concepts can be integrated into the flow of core engineering curriculum, in much the
same way that the concepts of “Safety” and “Ethics” have been incorporated. This also
reinforces the notion of “Design” as an inherent function of engineering, can influence a variety
of core mechanical engineering concepts from ‘Materials” to “Analysis” techniques.

6. Discussion
This was a pilot study, and as such, has many of the problems that are often encountered in
exploratory, small-scale research. We know that the content learning measurement was limited
and incomplete. The use of only 20 questions to cover learning over several subjects often
resulted in one question linking to one topic, which is not an exhaustive way to measure learning.
The questions themselves were not scaled prior to testing and the study design did not have an
appropriate control, such as a randomized control trial. These deficiencies can be addressed in
future versions of this research.
We were also troubled by the measured gain in pre-to-post learning, which on average was a net
gain of about 3 correct questions out of 20. We would expect with target content-specific
instruction the measured gain in pre-to-post learning would be greater and approaching 100
percent correct. This indicates that we can do a better job of structuring the in-class lectures,
discussion and worksheets to reinforce the targeted learning concepts. It also may mean that
students learn in different ways and it may take more time to process this information.
We also struggle with the language of employment. For example, the differences between the
terms “self-employed,” “found a business” and “working for a start-up” may be difficult for a
student to process, and may not even be relevant students. In this study, the career intent ratings
between “self-employed” and “working for a start-up” were significant, and may be the result of
a real difference in career intent or may be a function of loosely defined terms. The same issue
relates to the term “entrepreneurship” which can mean anything from self-employment to
working for a start-up. This is an area of interest for future research.
While the majority of students enjoyed the case study experience, particularly the hands-on lab
exercises, there was a vocal minority that did not appreciate the insertion of business concepts
into engineering curriculum. This is best illustrated by the following student feedback:
“Just stick to the engineering lab. It's cool that its about longboarding and all,
but why have the crazy story about some startup with two people etc? Just do the
lab and be done. All this random business stuff is annoying; you hear it all over
campus already. This is an engineering class. Leave it that way. If I wanted
business stuff and didn't care about engineering, I'd go be an [engineering
business] major.”
This issue can be addressed through better communication with the students about course
objectives upfront. We believe that understanding core business concepts in the context of core
engineering concepts will lead to better, more successful engineers long-term. Certainly ABET
is moving in this direction. Perhaps it is important to discuss this issue early in the course
experience and again before the case study/lab experiences to help students see the benefit.
A final issue of concern is faculty implementation. The development and delivery of this
curriculum has proven to be challenging, as it requires an in-depth understanding of the core
engineering concepts, an understanding of relevant entrepreneurial concepts, and the ability to
tell an engaging story. The entrepreneurial business concepts introduced in the case study are

often as new to the faculty as to the students. This leads to a relevant concern about their ability
to teach the subject confidently. This can be addressed, at least partially, through the
development of case study teaching notes, which can explain the concepts in greater detail and
provide helpful tips on how to structure the case study/lab experience. We also need to gain
experience with different college-level engineering student populations.
7. Conclusion/Future Plans
We are enthusiastic about the use of entrepreneurial case studies developed to teach core
engineering curriculum. This can be an engaging tool for both the students and faculty, leading
to better prepared engineering students who are ready to succeed in the workplace.
In the near future, we can see 2-3 case study stories specifically developed for an introductory
solid mechanics course that incorporate the language and concepts of basic business skills. We
also have an interest in expanded testing of this curriculum at both larger institutions and
geographically diverse locations.
Long-term, these case studies and associated activities could become part of a library of similar
curriculum for other core engineering disciplines, available for sharing and improvement. This
requires resources and we plan on seeking outside funding for the next phase of development.
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Appendix A
Solid Mechanics Course Concepts
Math Basics
Dot product
Cross-product vector notation
Vector addition
Right-handed coordinate system
Weight (lbs or newtons)
Conversion between lbs and N
Mass (kg) and force (N) on earth
Basic trigonometry relationships
Significant figures

Forces
External forces
Internal forces
Magnitude of a force
Force defined in terms of space angles
Newton's second law
Newton's third law
Fluid pressure force
Drag force
Normal or contact force
Shear force
Friction force

Moments
Moment Center
Equivalent Load
Couple
Position vector
AxF=M
Double-headed arrow
Torque vs. Moment
Equilibrium
sum(M) = 0
sum(F) = 0
Fx*i + Fy*j + Fz*k = 0>
Fx*i + Fy*j = 0>
Mx*i +My*j+Mz*k = 0>
Mz*k = 0
Two force member
Three force member
Zero force member
Friction
Static coefficient of friction
Kinetic coefficient of friction
Normal force and friction force
Smooth surface

Materials
Young's Modulus
Modulus of Elasticity (E)
Ultimate or tensile strength
Brittle failure
Ductile failure
Compressive failure
Properties of Steel
Aluminum alloy
Stress
Strain
Normal stress
Shear stress
MPa
m/m
psi
Beams
Shear force (V)
Bending moment (Mb)
Cantilever beam
Simply supported beam
Neutral axis
Bending moment diagram
Neutral axis
Shear force diagram
dM/dx = V
Deflection
Trusses
Statically indeterminate
Statically determinant
Stable/Unstable
Method of joints
Method of sections
Compressive failure
Buckling failure
Area moment of inertia (I)
Free-Body Diagrams
Bearings
Pin joints
Planar system
Non-planar system
Fixed boundary condition
Smooth surface
Sufficient friction
Well-aligned bearings
Thrust bearing
Cable tension
Isometric view
Planar view
Ball-and-socket
Boundary

Engineering Professionalism
Professional Engineer
Engineering ethics
Safety factor
Dynamic load factor
Documentation of work
Important questions
Checking answers
Assumptions
Manufacturing considerations
Technical report
Elevator pitch
Poster presentation
Prototyping
Team work dynamics

Design
Tower design
Skateboard truck design
Skateboard deck design
Bridge design
Bicycle design
Design for safety
Design brainstorming

Analysis of Machines
Multiple FBD's
Exposed internal force pairs
Simplified analysis procedures
Mechanical advantage

Entrepreneurial Concepts
Business model
Value proposition
Revenue model
Cost model
Profit model
Vision statement
Mission statement
SWOT analysis
Business risk
Business uncertainty
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