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ABSTRACT

Entrepreneurship programs and courses in engineering education have steadily increased in the
United States over the past two decades. However, the nature of these entrepreneurship courses
and programs and the characteristics of the instructors who teach them are not yet well understood.
The paper explores three research questions: 1) What content is typically included in engineering
entrepreneurship courses and how is this content taught?; 2) What are instructors’ beliefs about
how entrepreneurship should be taught in the engineering context; and 3) How are instructors’
beliefs actuated within a particular class related to students’ self-reported perceptions of their
entrepreneurial knowledge and abilities? The study shows that content associated with different
course types, such as Becoming an Entrepreneur, New Venture Development, and Product Ideation
and Development, often overlaps substantially, suggesting a lack of clarity in how these types of
courses are defined. Second, instructors who teach entrepreneurship to engineering students believe
that programs and courses should focus equally on both teaching skills and developing values and
attitudes; and instructors feel confident in their ability to focus on both of these in their courses.
Finally, at the end of the entrepreneurship course, students’ perceptions of their own abilities were

found to be similar to their instructors’ intentions for the courses, particularly for students with less
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entrepreneurial experience as measured by their coursework, involvement in entrepreneurship-related
activities (e.g., clubs, competitions). As students’ prior experience with entrepreneurship increased,

they reported greater familiarity with concepts than expected given their instructors’ intentions.

Key words: entrepreneurship, faculty perceptions, assessment, student perceptions

BACKGROUND AND STUDY OBJECTIVES

Research on entrepreneurship in the field of engineering education is in its early stages, despite the
fact that entrepreneurship programs and courses in engineering education have steadily increased
over the past two decades. While many examples of individual courses and programs of study have
been published in the literature (e.g., Nichols & Armstrong, 2003), a comprehensive and systematic

analysis of what, why, and how undergraduate engineers are taught entrepreneurship is lacking.

Research on Engineering Entrepreneurship Programs

Early work on this topic focused on documenting the process of course or program creation,
describing content, pedagogy, implementation issues, and assessment plans (Wang & Kleppe, 20071;
Carlson & Sullivan, 2000; Sullivan, Carlson & Carlson, 2001; Creed, Suuberg & Crawford, 2002). Ex-
ploratory and qualitative methods (Standish-Kuon & Rice, 2002) or quantitative studies with very
small sample sizes were common. While these studies provided insight about student experiences
in the particular context examined, they were limited in terms of generalizable knowledge (Bilén,
Kisenwether, Rzasa & Wise, 2005). While Duval-Couetil, Reed-Rhoads, and Haghighi (2011) assessed
learning among more than 500 engineering students, the sample was drawn from entrepreneurship
programs at three institutions. These findings suggest the need to examine a larger set of institutions.

One reason for the dearth of comprehensive, systematic research in engineering entrepreneur-
ship to date is the difficulty identifying cohesive programs of study. Previous research on ASEE
member schools found that a small proportion - about 12% - offered a minor, certificate or major
in entrepreneurship (or similar program naming) (Besterfield-Sacre, Ozaltin, Shuman, Shartrand &
Weilerstein, 2011). While this does not capture all entrepreneurship education opportunities that are
being offered to engineers, other studies indicate that entrepreneurship is not widely offered in the
context of engineering education. Several recent surveys of engineering faculty and administrators’
attitudes shed some light on why this may be.

The /nnovation with Impact (IW/) report (ASEE, 2012) included findings from a survey of 110

engineering departments from 72 colleges and concluded that “newer” learning environments,
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such as those incorporating entrepreneurship, are generally not valued by engineering faculty
(ASEE, 2012). At the undergraduate level, 52% of departments, consisting of faculty committees,
responded that entrepreneurship was not important to an engineering curriculum. At the graduate
level, this percentage was even higher. Likewise, a subsequent survey of 144 engineering faculty
and administrators from 90 institutions conducted on behalf of the NSF-Funded Epicenter at
Stanford (Peterfreund, 2013) indicated that entrepreneurship is not widely practiced. Specifically,
very few respondents said that their institutions included entrepreneurship and innovation as part
of the core curriculum. In contrast with the /W/ survey, however, these respondents (who primarily
were at ASEE member institutions) expressed overwhelming interest in increasing elective courses
and extra-curricular activities and believed that entrepreneurship shoul/d be included in the core
curriculum of engineering.

Though not yet widely practiced or consistently valued, Smith, Sheppard, Johnson and Johnson
(2005) note that educational experiences such as entrepreneurship and service learning have been
shown to increase diversity and retention in engineering. While the statistics indicate that many
engineering faculty are lukewarm to incorporating entrepreneurship in their curriculum, other evi-
dence indicates that some faculty are supportive of the idea and see the potential value of teaching
entrepreneurship in undergraduate engineering. Therefore, the purpose of this study was to examine
instructional practices, faculty beliefs, and student outcomes related entrepreneurship in engineering

with a larger group of programs that are actively engaged in offering these experiences to students.

Faculty Beliefs: Influences on Content, Curriculum Design, and Pedagogy

Given the mixed findings on faculty attitudes about entrepreneurship cited above, it is important
to understand how faculty beliefs influence entrepreneurship education content, curricular design
and pedagogy. The question of whether faculty think entrepreneurship is teachable has been ex-
amined in depth by Henry, Hill, and Leitch (2005a; 2005b) who acknowledge that most faculty
would likely believe that entrepreneurship could be taught, given the number of institutions offering
courses in the area. Zappe, Hochstedt, Kisenwether and Shartrand (2013) examined engineering
entrepreneurship instructors’ perceptions of whether entrepreneurship is “teachable” to test this
assumption. Indeed, in their sample of 37 instructors, most believed that the necessary skills and
attributes needed to be an entrepreneur could be learned. Again, this is not surprising given that
these instructors were teaching courses in entrepreneurship. That being said, instructors were likely
to acknowledge that certain attributes of entrepreneurs, such as passion, vision, and drive, were
more difficult to develop than skills related to problem solving, acting on opportunities, and busi-
ness. One limitation of the study is that the sample was restricted to instructors at only three large,

research-focused institutions. Several more comprehensive analyses of general entrepreneurship
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education in business and management departments have been conducted (Vesper & Gartner, 1997;
Solomon, Duffy & Tarabishy, 2002; Bennett, 2006). This study will examine perceptions relating to
the innateness of entrepreneurship skills with a broader sample of engineering entrepreneurship
instructors from a variety of institutions.

Faculty beliefs also inform curricular design in entrepreneurship education. Okudan and Rzasa
(2004)’s review of the literature identified four key areas that informed curricular design: a) “affective
socialization,” such as values and attitudes associated with entrepreneurship; b) making decisions
with “insufficient information” or risk taking; c) a “learning style” that addresses active experimen-
tation; and d) “adoption of entrepreneurial behavior[s]” such as independent action, competitive
aggressiveness, proactiveness, and innovativeness (Lumpkin & Dess, 1996).

In terms of instructional approaches, although some prior research suggests that a dominant
instructional technique is not evident (Michael, 2007), prior work suggests that frequently used
instructional practices include experiential learning, offering students opportunities to practice
entrepreneurial skills, and providing mentorship (Zappe et al., 2013). The range of instructional
techniques cited in the literature to teach entrepreneurship to engineers includes problem-based
learning (Warren, Kisenwether & Hanke, 2006), project-based learning (Okudan & Rzasa, 2006),
case studies (Weaver & Rayess, 2008), and product development (Birmingham, Allison & Dupree,

2007).

Student Outcomes of Entrepreneurship Education

Improving student outcomes are the central purpose of entrepreneurship education in engineer-
ing. Prior research suggests that entrepreneurship programs can enhance engineering students’
educational outcomes, student satisfaction, and longer-term professional careers. Ohland, Frillman,
Zhang, Brawner and Miller (2004) looked at the impact of entrepreneurship education on engineer-
ing students’ GPAs and retention rates and found that entrepreneurship education had a positive
impact. Other studies have been examined student satisfaction with the course and self-perceived
growth in particular areas such as creativity, leadership, and teamwork (Dabbagh & Menascé, 2006;
Okudan & Rzasa, 2006; Bilén et al., 2005; Ragusa, 2011). Charney and Libecapp (2003) evaluated
the Berger Program in Entrepreneurship at the University of Arizona, examining the long-term im-
pact on graduates relative to three areas: starting new ventures, self-employment, and earnings.
A matched comparison with non-entrepreneurship business graduates showed positive effects of
the program on these same areas.

Though the above studies are informative, faculty need better tools to assess what entrepreneurial
knowledge and skills students are acquiring in courses and programs so they can improve teaching

and optimize program development. Duval-Couetil et al. (2011) reviewed the assessment literature in
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entrepreneurship education and found that three main areas of work: 1) course level evaluations that
measured student reactions; 2) instruments designed to measure entrepreneurship-related activi-
ties; and 3) program-level evaluations that are designed address broader entrepreneurship program
related outcomes. Pittaway, Hannon, Gibb, and Thompson (2009) offer a framework for the various
entrepreneurial competencies that can be used in classifying types of assessment; and many new
instruments are being created for this purpose in engineering to include the many outcome related
rubrics developed by the KEEN group (www.keennetwork.org), self-efficacy of entrepreneurship
(Lucas and Cooper, 2009), as well as student attitudes (Shinnar & Pruett, 2009). For the most part,
many of these assessments focus on shorter-term impacts on students’ entrepreneurial skills and
knowledge (Falkang & Alberti, 2001). This research is no exception; however, we attempt to pair

students’ self-perception with instructors’ intention.

Research Questions

The following research questions are explored in this paper:

1. What content areas are typically included in engineering entrepreneurship courses (particularly

those focusing on venture creation and product development) and how is this content taught?

2. What are instructors’ beliefs about how entrepreneurship should be taught in the engineering

context? Is there an overarching relationship between instructors’ beliefs about entrepreneur-
ship and the content that is taught?

3.ls there a relationship between instructors’ beliefs actuated within a particular class and stu-

dents’ self-reported perceptions of their entrepreneurial knowledge and abilities?

In settings where engineering-based entrepreneurship coursework is offered, we sought to better
understand what, how, and why faculty teach this content to engineers. In particular, what instruc-
tional techniques are used to teach entrepreneurship? Why do instructors teach entrepreneurship
in the manner they do?

The second research question concerns whether or not instructors believe that programs and
courses should focus on skill development rather than instillation of attitudes and values necessary
for successful entrepreneurs. More specifically, what experiences do instructors draw on when de-
termining the content to emphasize in their courses? Many instructors of entrepreneurship, though
engineers, have strong entrepreneurial and business backgrounds.

This work is important in understanding what entrepreneurship concepts that are being taught
in the United States (i.e., the content), the beliefs among those who are teaching these concepts,
and the pedagogical approaches being used (i.e,, the pedagogy). To date, little information is known
about what constitutes the body of knowledge of entrepreneurship in engineering education or how

this body of knowledge and skills is best taught to engineering students.
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METHODS

To examine the three research questions, instructors and students each completed an online
survey. A total of 25 instructors (16 instructors from spring 2012 and 9 instructors from summer
2012) who taught entrepreneurship within the engineering context completed the Entrepreneur-
ship Faculty Beliefs Survey and Faculty Entrepreneurship Knowledge Inventory (EKI). A total of
325 students, enrolled in the spring 2012 courses taught by instructor participants fully completed
the Student Entrepreneurship Knowledge Inventory (EKI). This consisted of 13 of the 16 faculty since
not all instructors were teaching their particular course during the spring term. Human subjects
consent for both aspects of this study (instructor and student) was obtained by both the University
of Pittsburgh and the Pennsylvania State University. Information on recruitment of participants and

description of the instruments follows.

Recruitment of Instructor Participants and Their Students

In the spring of 2011, a review of course catalogs at 345 ASEE schools in the U.S. was conducted
to identify entrepreneurship programs of study that were accessible to undergraduate engineering
majors. Based on a cluster analysis (Besterfield-Sacre et al., 2011), we identified engineering programs
that focused their entrepreneurship programs around certain course attributes. The project team
identified more than 100 entrepreneurship programs that served undergraduate engineering students,
40 of which were administered solely or jointly by schools and colleges of engineering. Program direc-
tors at the 40 institutions were contacted and were asked to identify at least one instructor who was
teaching a product development or venture development in their entrepreneurship program. Referrals
from program directors resulted in 16 instructors who agreed to participate for a nominal honorarium.

These instructor participants were asked to complete the Faculty Beliefs Survey and Faculty EKI.
They were also asked to administer the student version of the EKI to their students in the product
development or venture development course they were teaching in spring 2012. The instructors were
provided with an anonymous link to the online student survey, which they were asked to distribute
to students enrolled in their course. Some of the instructors provided an incentive (i.e., extra credit
points) to students who completed the survey. Through this recruitment method, we received 16
responses on the faculty survey; and of those faculty, 13 implemented the EKI in their spring course
resulting in 325 valid responses.

While the sample size for students was fairly large, the number of participating instructors was
relatively small. To increase the number of respondents, an additional recruitment strategy was
used. An announcement publicizing the study was sent to the ASEE Entrepreneurship Division list-

serv and was posted in two monthly E-bulletins of the National Collegiate Inventors and Innovators
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Additional Instructors

Core Instructors (n=16) (n=9)

Faculty EKI and Beliefs jm= w
Instrument
Spring 2012

Faculty EKI and Beliefs
Instrument
Summer 2012

13 Instructors Actively
Teaching

Students (n=325)
Student EKI
Spring 2012

Figure 1. Data collection strategies used in the study.

Alliance (formerly NCIIA, now VentureWell). The announcement described the study and requested
participation from faculty and instructors who teach entrepreneurship to engineering students.
These instructors were asked to complete the faculty instruments, but were not asked to have their
students complete the student survey. An additional nine participants were identified in this manner
for a total of 25 instructor participants. Figure 1 provides a graphical description of the data collection
strategies used in this study.

All faculty respondents were used in addressing the first two research questions. The third re-
search question utilized data only from the 13 instructors who administered the questionnaire to
their students during the term they were teaching the course. For this analysis we pooled the 13
instructors to have a sample size substantially large enough to compare their responses to that of
the students. It is recognized that some differences may exist between faculty intentions for their

courses, which research question one addresses.

Instruments

Two primary instruments that were used in carrying out this research are described below.

Student Entrepreneurship Knowledge Inventory (EKD

The student-version of the EKI, developed and tested in 2007, is an inventory consisting of 105

items intended to measure students’ familiarity with entrepreneurial terms in five areas: 1) Becoming
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Subject Areas Identified Factors
Becoming an Entrepreneur 1. Strategic Thinking & Presentation
2. Process & Context
3. Structure & Approach
4. Entrepreneurship
Financing & Accounting 5. Core finance
6. Venture Launch/ Funding
7. Reporting
People & Human Resources 8. People and Human Resources
Sales & Marketing 9. Sales and Marketing

Product Ideation & Development  10. Intellectual Property
11. Meeting a need
12. Protecting an Idea

Table 1. Subject area identified factors.

an Entrepreneur, 2) Finance and Accounting, 3) People and Human Resources, 4) Sales and Mar-
keting, and 5) Product Ideation and Development. The various items were clustered into 12 factors
listed in Table 1.

Further, in each category, students were asked to rate their familiarity with a set of terms using
a 5-point rating scale. The anchors on the scale are:

e None (Never Heard of it)

* Low (Heard of it but not sure what it means)

*« Moderate (Can explain it partially)

e High (Can explain in depth but not sure how to apply it

¢ Very High (Can explain in depth and can apply it)

The student survey was conducted using Qualtrics™, an online commercial survey package
(Qualtrics Labs Inc., Provo, UT). The students responded to the inventory items with respect to
the course they were taking. In addition, students remarked on the number of entrepreneurship
courses they previously had taken, as well as other entrepreneurial experiences (e.g., clubs,
mentorships, business competitions). A large-scale study of ten engineering schools that imple-
mented the Student EKI is described in Besterfield-Sacre, Robinson, Ozaltin, Shuman, Shartrand
and Weilerstein (2012). As part of this study, significant differences in scores have been found
between freshmen and senior engineering students. Further, as part of its initial development,
the instrument was used in a pre-post manner across eight schools as part of a prior VentureWell
project to develop and pilot tools to measure entrepreneurship education outcomes. These stud-
ies provide growing validity evidence for the instrument in terms of the relationships with other

variables, including group membership (freshmen vs. senior), time of administration (pre/post),
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and school type. The reliability of the instrument, as measured by Cronbach’s o, is greater than
or equal to 0.90 for all five factors. The validity of the instrument has been measured through
both expert review as well as group comparisons (Shartrand, Weilerstein, Besterfield-Sacre &
Olds, 2008). Further, the instrument was built using an established taxonomy of entrepreneurship
(Kussmaul, Howe, Arion, Farris, Goodrich, Lane, Lehman, Levenburg, Kundrat, Secor, Twitchell,

Way, & Weissbach, 2006).

Entrepreneurship Faculty Beliefs Survey and Faculty EKI

The second instrument used in the study was intended to gather information from faculty and
instructors who teach entrepreneurship to engineering students. The faculty survey consisted of two
parts. First, instructors were asked to complete a revised version of the Entrepreneurship Faculty
Beliefs Survey, which was initially constructed in 2009. The purpose of this instrument is to gather
information on four primary questions:

* How do instructors define entrepreneurial mindset, or the characteristics necessary to be an

entrepreneur?

* Do instructors feel the mindset is innate? Or do they feel it can be developed with training?

« What teaching methods do instructors use to teach entrepreneurship to engineers?

* |s there a relationship between instructor beliefs and the teaching methods they employ?

More information on the construction of the survey and initial results are available (Hochstedt,
Zappe, & Kisenwether, 2010; Zappe, Hochstedt, & Kisenwether, 2012; Zappe et al., 2013). For this
paper, the instrument was revised to reduce its length by removing items that were less central to
this study. In addition, instructors were asked to choose a category that fit best with the entrepre-
neurship course they taught. The options were: 1) Venture Development, 2) Product Ideation and
Development, or 3) Becoming an Entrepreneur.

The second part of the online instrument consisted of a faculty version of the EKI. The faculty
survey included the same items as the student version of the EKI, but instead of rating their familiar-
ity with terms, instructors were asked to indicate the degree to which the terms were emphasized
in their course. The anchors on the scale are the following.

* None (Term is not used in the course)

* Low (Term is used in the course, but the students are not expected to understand it)

¢ Moderate (Term is used in the course and the students are expected to understand it

partially)

e High (Term is used in the course and the students are expected to understand it in-depth)

¢ Very High (Term is used in the course and the students are expected to understand it in-depth

and apply it)
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This study represents the first administration of the faculty EKI; as such validity of the instrument
and its scale has not been determined. Note, that although the terms are the same across the stu-
dent EKI and the faculty EKI, the scale is specifically designed to capture what instructors believe
they emphasize in their course, whereas the student EKI is designed to measure students’ degree
of familiarity with using and applying the particular terms and skills. It is the comparison between
these two scales that is the focus of the third research question. As a result, in comparing students’
perspectives to those of the instructors, we utilized the same factor structure. Unlike the student
version of the EKI, no reliability or validity information is provided for the faculty version of the EKI as

this study is the first time using the instrument; however, both instruments are in essence the same.

Data analysis

To answer research question 1, which asks about the typical content areas and instructional
techniques used to teach engineering entrepreneurship, instructor responses on the Faculty EKI
were examined. As mentioned previously, instructors self-selected which type of entrepreneurship
course they were teaching: (1) Venture Development, (2) Product Ideation and Development, or (3)
Becoming an Entrepreneur. In the actual survey, the participants were asked to indicate the degree
to which terms were emphasized in their course on the mentioned scale. This translated to a nu-
merical scale from one to five. These values were then collapsed into the corresponding weighted
factor value for each of the items, resulting in 12 distinct topic areas, so the faculty factor ratings
shown in the graphs are not whole numbers.

Between the two samples, sufficient instructor samples for each category were obtained to
conduct a one-way analysis of variance (ANOVA) on the 12 factors to determine if differences
existed among the three types of entrepreneurship courses. Items were tested with a type | error
of 0.05. For those factors in which differences existed, a post hoc Tukey’s analysis was further
conducted to determine specific differences. For those particular differences, an item-by-item
analysis was then conducted to determine particular knowledge and skills that differ among the
three types of courses.

To answer research question 2, which concerns why instructors teach in the manner that they do,
the responses from the Faculty Beliefs Survey were examined. Certain questions were specifically
targeted to examine the following sub-questions: Do entrepreneurship instructors feel that the skills
necessary to be an entrepreneur are innate or developed? Which skills do they believe are more
easily taught and which do they believe are more innate? Do entrepreneurship instructors have
teaching goals that are more focused on skills rather than instilling attitudes and values necessary
to be an entrepreneur? What characteristics do they feel they can most influence in their students?

Analysis for research question 2 is primarily descriptive in nature.
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Finally, as with research question 1, a similar approach was taken for research question 3. T-tests
were initially performed to determine if differences existed between an instructor’s beliefs in what
was taught and their students’ self-reported perceptions of entrepreneurial knowledge and abilities.
Then, one-way ANOVAs were conducted on subgroups of gender, major, and experience to determine

if differences existed in students’ background and the instructors’ course intentions.

Participants

Twenty-five instructors participated in the study; representing 23 unique institutions (two in-
stitutions had two instructors each complete the instrument). Of these, 23 were male and two
were female. They were employed by a variety of institutions across the United States. Institutions
ranged in size from small design-focused schools to large research institutions. One individual left
a substantial number of questions blank on the EKI and as a result was removed from analysis of
research question 1. Table 2 displays participants’ positions in their institutions. Of the 24 individu-
als who responded to the question, 15 held non-tenure track positions, eight were tenured, and one
was in a tenure-track position. Participants in the “other” category reported being a department
head, emeritus faculty, or a director of an entrepreneurship program. Participants were affiliated
with various departments, including business/management (N=3), engineering disciplines such as
mechanical, industrial, chemical, and biomedical engineering (N=13), and entrepreneurship or in-
novation programs (N=7). In addition, one respondent was from the School of Information and one
respondent left this blank.

Some instructors had entrepreneurship-related experience. Nine (36%) held patents, 21 (84%)
had worked in a small start-up company, and 15 (60%) had worked in an “innovation” segment of
a large company.

Of the instructors surveyed, 13 were actively teaching the spring 2012 term and administered
the student EKI to their students for the particular course in which they themselves answered on the

faculty EKI. Table 3 provides an overview of the student demographics across these 13 courses. The

Position Percentage Number

Full Professor 32 8

Associate Professor 12 3

Assistant Professor 8 2

Instructor or adjunct 36 9

Other 12 3
Table 2. Positions held by respondents.
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Demographic Percentage Range
Ethnicity
White 60.3% 36%—100%
Black or African American 6.5% 0%—11%
Hispanic or Latino 3.4% 0%—17%
American Indian and Alaska Native 0.3% 0%—2%
Asian 24.6% 0%—-51%
Native Hawaiian/Pacific Islander 0.0% N/A
Some other race 1.5% 0%—5%
Prefer not to answer 3.4% 0%—-11%
Gender
Male 72.1% 0%—89%
Female 27.0% 11%-100%
Prefer not to answer 0.9% 0%—-25%
Experience
Low 59.0% 0%—-100%
Moderate 26.0% 0%—-70%
High 15.0% 0%—48%
Level in School
Freshman 0.8% 0%—5%
Sophomore 4.1% 0%—16%
Junior 34.2% 0%—75%
Senior 54.5% 19%-100%
Graduate Student 6.5% 0%—17%
Major
Engineering student 71.1% 0%—-100%
Not an engineering student 22.2% 0-68%
Other and Unclassified/Undeclared 6.8% 0-100%

Table 3. Student demographics.

demographics are self-explanatory with the exception of experience. We defined students’ degree
of entrepreneurship experience based on the number of courses they had taken previously as well as
the degree of involvement they had in entrepreneurial activities. Further, because some demographic
groups were not represented across several of the 13 schools group comparisons were not conducted
on these variables. For example, several courses had only White respondents, so it was not possible

to do group comparisons for ethnicity. Similarly, group comparisons were not conducted on /eve/ in
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school, since technical electives in engineering are typically taken by upper class students only. Group
comparisons were conducted on gender, experience, and major. A notable exception is a course that
had survey responses from only female students with little to no experience. Results of the various

analyses are explained in section 3.

RESULTS BY RESEARCH QUESTION

The following sections provide an overview of the results by each research question.

What content areas are typically taught in engineering entrepreneurship courses?

Three types of courses were examined (i.e., Becoming an Entrepreneur, Venture Development,
and Product Ideation and Development). Content was measured by the degree to which each fac-
tor was taught. Nine instructors categorized their course as focused on New Venture Development
(NVD); eight categorized their course as focused on Product Ideation and Development (PID); and
seven categorized their course as focused on Becoming an Entrepreneur (BE). Table 4 provides an
overview of the descriptive statistics for each course type and each factor.

Results indicate that regardless of course type, instructors emphasize similar topics, with the excep-

tion of three particular factors: Venture Launch/Funding, Reporting, and Meeting a Need. For each of

New Venture Product Ideation = Becoming an
Development & Development Entrepreneur
Factor N=9 N=8 N=7 P value
1. Strategic thinking and presentation 3.60 (0.39) 3.76 (0.35) 3.74 (0.77) 0.800
2. Process and context 2.85(0.49) 3.17 (0.67) 3.00 (0.78) 0.580
3. Structure and approach 3.65 (0.41) 3.03 (0.45) 3.37(0.82) 0.105
4. Entrepreneurship 3.42 (0.42) 3.51 (0.60) 3.68 (0.59) 0.660
5. Core Finance 2.87 (0.69) 2.09 (0.76) 2.79 (0.91) 0.095
6. Venture Launch/Funding 3.16 (0.58) 1.92(0.37) 3.16 (1.14) 0.003
7. Reporting 3.13 (0.66) 1.84 (0.58) 3.17 (1.43) 0.014
8. People & Human Resources 3.85 (0.60) 3.29 (0.87) 4.29 (0.64) 0.052
9. Sales and Marketing 3.54(0.47) 3.71(0.63) 3.21(1.26) 0.515
10. Intellectual Property 3.38 (0.60) 3.15(0.57) 3.08 (1.08) 0.706
11. Meeting a Need 3.53(0.49) 4.36 (0.45) 3.44 (1.23) 0.037
12. Protecting an Idea 3.34(0.89) 2.44 (0.88) 3.49 (1.30) 0.093
Table 4. Mean differences between the three types of entrepreneurship courses
(standard deviation).
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these factors, the Tukey’s post hoc analysis yielded that PID was significantly different than the other
two course types. Specifically, instructors who teach PID courses said they placed significantly less
emphasis on Venture Launch/Funding and Reporting aspects than instructors who teach NVD and BE
courses. While the terms associated with these two factors may be used in the course, students are
not expected to understand them. Thus in PID courses, terms such as venture capital, due diligence,
equity, cash flow statements, payable/receivables, etc., may be mentioned to students, but students
are not required to have a firm understanding of these areas. Conversely, instructors who teach PID
courses said that they placed significantly more emphasis on Meeting a Need than instructors who
teach NVD and BE courses. Here, instructors who teach PID courses expect their students to not
only understand Meeting a Need in-depth, but also expect students to apply their knowledge and
skills in this area. This is to be expected as Meeting a Need lies at the heart of Product Ideation and
Development. Interestingly, no differences were found for two other factors that would be expected
to have a strong emphasis in PID courses, Intellectual Property and Protecting an ldea. Interestingly,
Protecting an Idea was rated somewhat lower (though not significantly) by instructors teaching PID
courses compared to instructors teaching NVD and BE courses. It should be noted that this analysis
is the result of 24 instructors from 23 unique institutions reporting on the particular entrepreneurship
course offered to engineering students in a particular term. Prior research indicates that there are
approximately 100 entrepreneurship programs across the U.S. that served undergraduate engineering
students; and of these, 40 programs are housed directly within an engineering school (Shartrand,
Weilerstein, Besterfield-Sacre & Golding, 2010). Though it is not possible to estimate the total number
of faculty who teach entrepreneurship to engineers, this sample does appear to be representative of
the types of entrepreneurship courses typically taught in engineering schools.

Two additional areas regarding the faculty EKI| warrant consideration. First, from Table 4, it is shown
that instructors teaching all types of entrepreneurship courses place a low to moderate emphasis
on Core Finance (i.e., students not expected to understand it or only partially). Core Finance items
included projections and forecasts, risk analysis, fixed costs versus variable costs. Second, given
our type | error of 0.05, People and Human Resources was not found to be significantly different
among course types (Pvalue=0.052); however, examination of the means (and standard deviations)
indicates that instructors teaching BE courses say that they place a high emphasis on People and
Human Resources. In other words, instructors expect their students to have a deep understanding

of the items associated with this factor.

Instructors’ beliefs about how entrepreneurship should be taught in engineering

Participants were asked to use a sliding scale to indicate where between mostly innate (O) or

mostly developed or learned (100) the necessary characteristics to be an entrepreneur lie. Not
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The necessary characteristics to be an entrepreneur are:

T T T T T T
0 20 40 60 80 100

Mostly Innate or Inborn - Mostly Developed or Learned

Figure 2. Boxplot of instructors’ perceptions on whether necessary characteristics to be

an entrepreneur are innate or developed.

surprisingly, most respondents indicated that the skills necessary to be an entrepreneur are mostly
developed or learned. Figure 2 displays a boxplot describing the distribution of responses. The av-
erage score on this item was a 63.71 (s=20.7). Given that the midpoint of 50 indicates a perception
that the characteristics are equally innate and developed, the average score of 63.71 indicates a
tendency for participants to believe that these skills can be mostly developed or learned. However,
the spread of the data is fairly large, indicating that some respondents were also likely to view the
characteristics as either mostly innate or equally learned and innate. One individual, whose response
could be considered an outlier, felt strongly that the necessary characteristics were mostly innate.
The results are fairly similar to those found by Zappe et al. (2013). In that sample of entrepreneurship
instructors at three large research institutions, most respondents felt that necessary characteristics
to be an entrepreneur could be learned.

Respondents were presented with a list of entrepreneurship attributes and skills and were asked
to select those that were more easily developed or learned, on one hand, and those that were more
innate or inherent to personality on the other. Figure 3 displays the percentage of respondents who
selected each characteristic. Instructors selected technical skills, business skills, problem solving,
and communication items as the attributes that were most easily developed or learned. Instruc-
tors selected curiosity, drive, passion, being outgoing, and ambiguity tolerance as the attributes
that were more innate or inherent to personality. The sample was more evenly divided concerning
attributes such as ability to act on opportunities, failure acceptance, interpersonal skills, ability to
adapt, risk taking and vision.

Participants were also asked a series of questions regarding whether or not entrepreneurship
instruction should focus on skill development versus instilling attitudes and values (See Figure 4).
While the mean response to this item was very close to the middle, at 47.36 (s = 23.64), the range

is 84, which is very large (minimum=13; maximum=97). Eight individuals scored this with a “50”
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Technical skills
Business skills
Problem solving ability
Communication skills
Ability to act on opportunities
Failure acceptance
Interpersonal skills
Ability to adapt

Risk taking

Vision

Ambiguity tolerance
Outgoing

Passionate

Driven

Curious

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 3. Percentage of respondents who identify each characteristics as more easily

learned.

meaning that they believe programs should focus equally on skills and instilling attitudes. The other
respondents disagreed on the focus of these programs. Three individuals responded strongly that
programs should focus on instilling attitudes and values. However, the majority of respondents ei-
ther felt there should be equal emphasis on instilling attitudes and teaching skills or that programs

should focus on developing skills.

Engineering entrepreneurship programs should focus on:

T T T T T T
0 20 40 60 80 100

Teaching skills - Instilling attitudes and values

Figure 4. Boxplot of instructors’ perceptions on whether programs should focus on

teaching skills versus instilling attitudes and values.
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Figure 5. Participants’ goals of instruction and confidence in ability to teach.

Participants rated statements about their instructional goals and their confidence in teaching
students either skills or attitudes and values necessary to be an entrepreneur. Figure 5 displays a
column chart comparing responses regarding instructional goals and confidence for teaching either
skills or attitudes. The average item scores for the goals of instruction for skills and attitudes/values
were identical, resulting in a nonsignificant result (t=0.000, df=24, Pvalue=1.000). Participants’ ratings
of their confidence for teaching skills and attitudes were not significantly different (¢=0.66, df=24,
Pvalue=0.516). This suggests that instructors have dual goals in their courses of teaching skills and
instilling attitudes and values necessary to be a successful entrepreneur. Additionally, their ratings
suggest that they are confident that both can be done in their courses.

Participants also indicated characteristics they felt they could influence in their courses, shown
in Figure 6. Instructors’ felt they could impact students’ self-efficacy (i.e., students’ beliefs in their
ability to be successful). They also gave high ratings to the following items: acting on opportunities,
adapting to new situations, resourcefulness, learning from failure, and tolerating ambiguity. They
gave lower ratings to characteristics that they felt were more innate to their students, such as pas-
sion, drive, and being outgoing.

Finally, participants indicated the degree to which certain experiences influenced the content
covered in their entrepreneurship courses (see Figure 7). They rated their own career, personal, and
entrepreneurial experiences highest. Their colleagues’ teaching style and their personality had less

impact on the content that they chose to focus on in their courses.

WINTER 2016 17




ADVANCES IN ENGINEERING EDUCATION
Faculty and Student Perceptions of the Content of Entrepreneurship Courses in
Engineering Education

Believes he/she can succeed
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Adapts to new situations
Resourceful

Accepts and learns from failure
Tolerates ambiguity

Takes risk

Passionate

Driven

Outgoing

0 05 1 1.5 2 2.5 3 3.5 4
Item Average

Figure 6. Participants’ ratings regarding student traits they feel they can most likely

influence.

The relationship between instructors’ beliefs and students’ perceptions

T-tests were performed to determine if differences existed between an instructor’s beliefs in what
was taught and their students’ perceptions on what they believed they learned after taking the par-
ticular course. Because there are 12 factors, a Bonferroni adjustment for multiple comparisons was
applied to the original Type | error, o = 0.05. Therefore, the adjusted Type | error becomes o, = 0.004
(0.05/12 factors). As Table 5 indicates, five of the 12 factors were found to have significant differences
between instructor and students; and in all five cases, students rated their self-perceived familiarity
higher than the instructors’ indicated degree of course emphasis. This “overconfidence” is not surpris-
ing, as students may naively feel confident in their new knowledge. Interestingly, the five significant
factors (Strategic Thinking & Presentation; Process and Context; Core Finance; Venture Launch/
Funding and Reporting) were factors that instructors, on average, intended to use in the course, but
not necessarily have students understand and apply (i.e., the factor averages were less than three).

To determine if the above results were a function of naive overconfidence or a result of potentially
another underlying factor, additional comparisons were made for student gender, major, and degree
of experience. To test differences between male students, female students and instructors, a one-way
ANOVA was conducted followed by, where appropriate, a Tukey’s post hoc analysis to determine

where specific differences existed. The same analysis was conducted on major (where the factors
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Figure 7. Items that instructors use to impact their classroom.

levels were engineering or non-engineering) and experience. There were no differences between the
means of the students that majored in engineering and those that did not. Similarly, there were no
significant differences between male and female students. Differences were found between students
and instructors with respect to the five factors highlighted in the Table 5.

A portion of the EKI asked about the students’ degree of experience, as shown in Figure 8. From
the responses, students were divided into three levels of experience to determine the strength of
their prior entrepreneurship experience (i.e., low experience, moderate experience, and high experi-
ence). A one-way ANOVA was conducted on the four levels (i.e., three levels of students and one
level for instructor), with Tukey’s post hoc analysis for those factors that proved significant. Students
with low experience - i.e., had never taken an entrepreneurship course beyond the particular class
in which the EKI was given - had perceptions that were similar to the instructors’ intentions for the
course, while students who had taken multiple courses in entrepreneurship and had exercised their
entrepreneurship skills outside the classroom were significantly more familiar and comfortable rela-
tive to the various factors. As an example, the instructors’ average rating of Core Finance was 2.41,

while students with high experience rated this factor 4.48.
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Student Instructors
Factor N=325 N=13 Pvalue
1. Strategic Thinking & Presentation 4.29 (0.62) 3.63 (0.52) 0.000
2. Process & Context 3.79 (0.74) 2.73 (0.67) 0.000
3. Structure & Approach 3.82 (0.68) 3.20 (0.74) 0.007
4. Entrepreneurship 3.72 (0.76) 3.45 (0.55) 0.086
5. Core Finance 4.12 (0.74) 2.41 (1.03) 0.000
6. Venture Launch/ Funding 3.92 (0.83) 2.81 (1.06) 0.001
7. Reporting 3.82(0.88) 2.60 (1.19) 0.001
8. People and Human Resources 4.13 (0.74) 3.80 (0.76) 0.163
9. Sales and Marketing 4.10 (0.75) 3.62 (0.93 0.061
10. Intellectual Property 3.82 (0.82) 3.11 (0.72) 0.007
11. Meeting a Need 4.14 (0.72) 3.71 (0.93) 0.091
12. Protecting an Idea 4.12 (0.86) 3.17 (1.15) 0.009
Table 5. Mean differences between the students and instructors (standard deviation).

Interestingly, proportionally more non-engineering majors had high experience compared to
engineering majors, as Table 6 indicates (¥2?=18.695, df=2, Pvalue=0.000). Students majoring in

engineering tended to have low experience in entrepreneurship (64%).

DISCUSSION

This research provides several empirical observations regarding the nature of how instructors
teach entrepreneurship in engineering programs. First, although some differences do exist among
course types, the content within the various courses appears to be less differentiated than it should

be. Second, instructors who teach entrepreneurship do possess certain attitudes towards the nature

Experience Non-Engineering Engineering
High 26 23
Moderate 26 58
Low 42 150

Table 6. Number of Students by Major and Level of Experience.
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Only this course 1 addtional course 3to 4 courses S or more courses

Yes lused to, but not now No

Yes No

Yes No

1 would like to start a business in | would like to start a business in I have no desire to start a
| have my own business now the next S years the next 10 years business at this time

Figure 8. Student Survey Experience Questions.

of teaching entrepreneurship, indicating that entrepreneurship requires teaching both certain
knowledge and skills, but also embedding particular attitudes in engineering students. Third, we
find that students are surprisingly honest in their self-assessed entrepreneurship knowledge and
skills compared to their instructors’ intentions. Differences do exist, though, when students gain
more experience in entrepreneurship. Each of these is discussed.

From the faculty perspective as measured by the EKI, it was striking to find relatively little differ-
ences between the various course types. One could argue that Product Ideation and Development
(PID) type courses are substantially different than New Venture Development (NVD) and Becoming
an Entrepreneur (BE) in that they tend to focus on design aspects from idea creation to working
prototype, whereas NVD type courses tend to focus on the later part of the cycle; i.e,, on bring-
ing the prototype to market and intellectual property issues. Further, BE courses should possibly
provide an overview of the entire process and focus on structure and approach as well as sales
aspects. However, our results indicate that comparatively equal emphasis is placed on strategic

thinking, process, structure, sales and marketing, as well as intellectual property issues across the
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three course types. It would seem important to incorporate more differentiation among the various
course types to provide engineering students with a full suite of entrepreneurial experiences. It is
possible, with additional faculty responses, differences may be further teased out among the three
course types as certain factors do have trends. As entrepreneurship becomes more valued and ac-
cepted in the engineering curricula, engineering schools need to be cognizant of the content that
their courses offer, so as to provide engineering students multiple aspects of the field, as well as to
“distribute” learning outcomes.

The data from the Entrepreneurship Faculty Beliefs Survey provided some interesting findings
regarding instructors’ perceptions of how entrepreneurship should be taught. First, consistent with
a prior study of faculty beliefs (Zappe et al., 2013), most instructors felt that the skills necessary to
be an entrepreneur can be taught, again not surprising given their positions. The instructors in our
sample had a balanced perspective on whether courses should be attribute development versus
skill-based. They believe that skills and attributes are both important in teaching entrepreneurship
to engineering students. While they acknowledge that certain characteristics of entrepreneurs can
more easily developed in individuals (i.e. technical skills, business skills, problem solving ability,
communication skills), they are confident in their abilities that they can teach both attitudes and
values as well as skills. Additionally, many instructors in our sample felt that the programs should
equally focus on both teaching skills and instilling attitudes. Recognizing that teaching entrepre-
neurship incorporates more than just knowledge and skills and that affecting mindsets and attitudes
is equally important, how these knowledge, skills and mindsets are taught or instilled may require
different pedagogies. This study indicates that the types of pedagogy employed are diverse, but
are also personal from the instructors’ perspective. Hence, it is recommended that future research
be conducted to evaluate and determine which pedagogies are most effective.

In this research, we mapped students’ perceived knowledge and skills with instructors’ course
objectives to determine whether there were consistencies or differences. This new work comple-
ments prior work investigating differences between engineering freshmen and seniors’ perceived
knowledge and skills in engineering entrepreneurship (Besterfield-Sacre et al., 2012). From this last
investigation, we found that students do appear to be honest in their self-assessed entrepreneurship
knowledge and skills as they are statistically similar to the expectations of the faculty. As students
gained entrepreneurial knowledge and skills from other courses, clubs and competitions, they no-
tably express more self-sufficiency. This is a positive outcome; however, upon further examination,
we found that overwhelmingly most engineering students enrolled in these courses had low prior
exposure to entrepreneurship. Additionally, this study indicated that engineering students as a whole
in these courses had proportionally lower entrepreneurship experience than their non-engineering

counterparts. It is recommended that engineering schools seek both curricular and co-curricular
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opportunities for engineering students to gain exposure to entrepreneurship to develop necessary
knowledge, skills and mindsets.

The study does have several limitations that need to be recognized. First, the sample size of in-
structors is somewhat small with 25 completing the faculty survey and only 13 asking their students
to complete the student EKI; though, this study involved more institutions than prior research stud-
ies. For our particular study, an active campaign was waged to solicit faculty; and a stipend for the
instructor’s time and effort in completing the instrument and introducing the student version in their
course was offered. Even with this active recruitment strategy and incentive, we found it difficult
to recruit instructors to complete the survey and to ask their students to complete the survey. The
small sample size also prevented comparisons of instructor data based on characteristics such as
gender, ethnicity, position held (tenure vs. non-tenure track), or discipline (business vs. engineering).
While recommending that future research attempts to garner a larger sample size of instructors,
we acknowledge that this would be difficult, given the strategies that we have already attempted.
Perhaps one strategy might be to recruit faculty during professional conferences such as the Open
conference hosted by VentureWell. Because of the small number of instructors and courses exam-
ined in this study, one needs to be cautious in generalizing beyond the sample studied. However,
the types of courses examined in the study do appear to be representative of the types typically
offered in engineering schools, we recognize that there could be other types of courses that are
being taught in engineering schools that are not represented here. Future research may consider
sampling schools engaged in the Epicenter’s Pathways program.

A related limitation concerns the fact that this research represents a snapshot in time of the eco-
system in engineering entrepreneurship. The landscape of entrepreneurship courses and programs
is continuously changing. Programs may shift foci; instructors in programs may change. Therefore,
one needs to be cautious in generalizing this research. This is a limitation of all such studies which
seek to understand current practices. However, this limitation is particularly cogent when consider-
ing engineering entrepreneurship, as the discipline is still being developed. Future research might
consider longitudinal studies of a sample of programs or faculty.

To summarize, this study provides an analysis of 25 instructors from 23 unique institutions;
and as such these represent roughly half of the institutions offering entrepreneurship programs
within their engineering school. As mentioned in the literature, there are concerns regarding the
value of teaching entrepreneurship in engineering schools. Of the instructors that did engage in
the study, only 36% reported being tenured or tenured-track; hence the other two-thirds were
either adjunct faculty or non-tenured stream faculty. Given the recent ASEE report, /nnovation with
Impact, it would appear that engineering schools and faculty, as a whole, do not yet value teach-

ing entrepreneurship nor is it practiced routinely in engineering schools. Because this particular
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engineering education community is still neophyte and not mainstream, it may take a while before
course types and content can be clearly defined; and engaging pedagogies for both content and
attitudes are fully established. Challenges related to assessment of entrepreneurship education
are numerous. In general, there is a lack of consistency in learning objectives, program models,
delivery modes, number and length of courses taken, and types of educational experiences that
are offered. Until documentation of the nature of the learning opportunities is more fully realized
(i.e., the learning objectives, pedagogy, and course content), measuring the impact of teaching

entrepreneurship will remain difficult.
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