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ABSTRACT

Entrepreneurial learning experiences have become one of the key aspects of the state of the art in
engineering education. As such, technology-focused entrepreneurship courses have been incorpo-
rated to engineering curricula — both in developed and developing countries. Following this trend,
the Engineering School at Pontificia Universidad Catoélica de Chile (PUC-Engineering) designed a
third-year compulsory course on research, entrepreneurship, and innovation, whose objective is to
provide students with entrepreneurial skills that transcend time. To continuously improve this course,
the Engineering Education Unit at PUC-Engineering has been conducting pre- and post-surveys, as-
sessing self-efficacy and learning benefits related to various course methods. This paper describes the
main lessons learned as a result of using this data-centric approach throughout the last six academic
periods. We found that the course is perceived as beneficial by most of its students, and that project
feedback sessions and project presentations report the highest perceived learning benefits. Besides,
we describe some of the improvements to the course that have been pushed by assessment data,

showing the importance of using a data-driven approach for engineering entrepreneurship education.
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INTRODUCTION

Over the past two decades, engineers have become key stakeholders in venture creation, either

creating or participating in entrepreneurial initiatives (Wright et al., 2007). As a consequence, policy
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interventions have promoted the creation of entrepreneurship programs in engineering education
(Duval-Couetil et al., 2016; Maresch et al., 2016). ‘Economic trends and a changing job market for
college graduates have generated significant interest in graduating more engineers who possess
entrepreneurship skills and an entrepreneurial mindset’ (Duval-Couetil et al., 2014, p. 1). Through
entrepreneurial training, future engineers are expected to adapt to the changing and complex
technologies, and drive the generation of solutions to major technological problems — both locally
and globally (Purzer et al., 2016).

In developed countries, there has been a significant growth in the delivery of entrepreneurial learn-
ing experiences to future engineers (Celis & Huang-Saad, 2015; Gilmartin, Shartrand, Chen, Estrada,
& Sheppard, 2016). The most prestigious universities in the world have implemented technology-
focused courses that have been typically offered as part of minors and certificates (Duval-Couetil
et al,, 2014; Gilmartin et al., 2016). Meanwhile, in developing countries, these types of courses have
recently started to emerge (Moreno et al., 2016; Odora, 2015; Raju et al., 2015), and promising results
are expected in entrepreneurial activity and the acquisition of entrepreneurial skills (Duval-Couetil
et al.,, 2014; Walter & Block, 2016).

Following this trend, engineering programs have started to implement practical experiences
based on project- and team-based learning (Rae & Melton, 2017). However, more research is needed
to understand what is expected from entrepreneurial training and what are the proper pedagogical
approaches for its delivery (Huang-Saad et al., 2020). So far, the contribution of entrepreneurship
education has been assessed throughout different methods, such as quizzes, project deliverables
and surveys, without necessarily using an educational model to interpret its results (Purzer et al.,
2016). In order to contribute to the growing field of engineering entrepreneurship education,
this paper describes the lessons learned from having offered an entrepreneurship course to all
third-year students at the Engineering School of Pontificia Universidad Catdlica de Chile (PUC-
Engineering). This course was implemented in the context of a governmental program called ‘New
Engineering 2030’ — an initiative which co-finances 6-year strategic plans of Chilean engineering
schools oriented towards entrepreneurship, innovation, and technology transfer (Celis & Hilliger,
2016). This paper briefly describes the course teaching and assessment methods, besides the
results of having systematically assessed learning benefits and self-efficacy changes throughout

Pre- and Post-Surveys.

ING2030 COURSE: RESEARCH, ENTREPRENEURSHIP, AND INNOVATION

The dean of PUC-Engineering motivated the creation of the Research, Entrepreneurship, and In-

novation Course (ING2030) at the end of 2014, and third-year students have been taking this course
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since the first semester of 2015 (http:/bit.ly/ING2030Syllabi). Unlike elective courses offered at other
engineering schools, this course is mandatory for all engineering Majors. It was designed following
the Berkeley Method of Entrepreneurship (BMoE) (Sidhu et al., 2014), which consists of a holistic
curriculum to provide students with entrepreneurial knowledge and skills, along with offering them
the opportunity to develop a positive attitude towards entrepreneurship. According to this method,
teaching staff act as facilitators, allowing learners to identify concepts and tactics associated with
entrepreneurship through game-based activities and inductive teaching.

Since 2015, the course has been imparted by a teaching team composed of instructors, entrepre-
neurs, and teaching assistants. Regarding instructors, there are two predominant profiles: the ones
with an industrial engineering background and the ones with a civil engineering background. The
ones with an industrial engineering background have prior experience in technology-based innova-
tion and entrepreneurship methodologies (as managers and/or researchers), while the ones with a
civil engineering background have prior entrepreneurial experience in their own field. With respect
to entrepreneurs, these are people who have been actively involved in the creation and growth of
one or several startups, so they have the capacity to share with students and other teaching team
members their perspectives about current entrepreneurial practice. Finally, concerning teaching
assistants, they are mainly graduate or undergraduate students who have already taken the course,
and who are trying to carry out their own ventures by participating in extracurricular programs of
the university’s innovation ecosystem.

In order to make this course as authentic as possible in terms of the complexity and uncertainty
of becoming an entrepreneur, the course challenges students to develop an innovative product or
service throughout 16 weeks. Some examples of the challenges that we have been addressed in the
course are universal access to water — second semester of 2018 (https://youtu.be/ZJKiJ4Xudao),
engineering for sustainable development — first semester of 2020 (https:/bit.ly/3gSokPI), and in-
novation in the new space age — second semester of 2020 (https://bit.ly/3we77tb). By working as
part of 5-person teams, students have to recognize a technology business opportunity to compete
in a venture contest by the end of the semester (see the venture contest of the first semester of
2020 at https://youtu.be/Ty5Yw8sbl6w). Winning teams receive seed funding and are encouraged
to apply to PUC-ecosystem acceleration programs for developing their entrepreneurship projects
beyond their course experience.

Between the first semester of 2015 and the second semester of 2018, the course focused mainly
on motivating engineering students to become entrepreneurs. However, this emphasis on entrepre-
neurial intent was contradictory to PUC-Engineering’s desire to provide all their engineering students
with knowledge and skills associated with entrepreneurship, regardless of their intention to become

entrepreneurs today or in the near future. This is why the course coordinator started adapting the
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BMoE curriculum since the first semester of 2018, implementing project-based learning with a
constructivist theoretical basis. By a constructivist theoretical basis, we refer to the conceptualiza-
tion of entrepreneurial learning as a process of constructing knowledge throughout a continuous
dialogue with peers, teaching staff members, and real-life entrepreneurs (Assudani & Kilbourne,
2014; Lébler et al.,, 2019). Recent work has shown that constructivist approaches have been more
effective in developing entrepreneurial skills, allowing students to engage in tasks that are directly
associated with what entrepreneurship could be in their future practice (Bell & Bell, 2020; Lobler et
al.,, 2019). At PUC-Engineering, a constructivist approach such as project-based learning was used to
align course teaching and assessment methods with steps involved in the entrepreneurial process,
allowing students to develop the following skill set, regardless of students’ entrepreneurial intent:

e An ability to identify an opportunity for the creation of an innovative product or service within
a context or topic,

¢ An ability to develop a business model for a product or service which should be supported
by a scientific and technological basis,

* An ability to collaborate effectively in teams to develop an innovation project,

¢ An ability to design an innovative project or service based on science and technology with
scaling potential,

* An ability to use data for evidence-based decision-making to reduce the level of uncertainty
associated with real-life problems,

* An ability to effectively communicating ideas about technology-based innovations in oral
and written format.

In order to develop the abilities previously listed, the course covers the following topics: (1)
entrepreneurial concepts and vocabulary, (2) effective teams, (3) context and PESTEL framework,
(4) Lean Startup Methodology, (5) customer development, (6) technology watch, (7) design sprint
methodology, (8) prototypes and minimum viable product, (9) ethics in entrepreneurship, (10)
Startup funding, (11) Pitch, (12) intellectual property, and (13) scaling and growth. These topics
are covered through the combination of different teaching methods and business accelerator
elements, including:

e Project feedback sessions: instances in which course instructors and an entrepreneur meet

separately with each team to provide feedback on their project progress.

e Instructors’ lectures: classroom sessions that combine the delivery of theoretical content with
activities, allowing students to learn different concepts and methodologies that are relevant
to developing an entrepreneurship project.

« Working sessions: classroom sessions dedicated to teamwork, in which students are asked to

work on a project deliverable under the supervision of teaching staff.
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* Mentoring: these sessions are offered twice a semester, one in the middle and one towards
the end, so teams have the opportunity to meet with an entrepreneur or an expert of their
choice for at least 20 minutes, receiving feedback and guidance to progress on their projects.

e Guest lectures: these lectures are offered throughout the semester (eight sessions per semester
on average), and in each session, guests offer a talk about a topic related to the challenge that
the course is addressing during the semester or stories related to real-work entrepreneurship,
and then, there is a question and answers session.

* Workshops: these sessions engage students in skill-building activities related to the use of
digital tools for virtual prototyping, pitch, and presentation design. Each team member chooses
one workshop, so they can share knowledge later.

For promoting the effective work of student teams, one class imparted at the beginning of the
semester is specifically dedicated to this topic. This class addresses the advantages of heterogeneous
teams that have a common motivation or goal, along with team building theories, such as Tuckman’s
model of team development (Tuckman, 1965), or Wasserman’s founder dilemma (Wasserman, 2012).
Besides, students participate in a team-based activity where they have to choose their team members
(usually homogeneous in terms of skills and preferences), and then, they do the same activity in teams
designed by the teaching staff, which are based on common motivation and different skills. Finally,
the students have to decide how they want to build their teams for their course project, but they are
strongly encouraged to reflect about their experience in the teambuilding class and to distribute dif-
ferent roles among team members, such as the hipster, the hacker, and the hustler (Ellwood, 2012).

Throughout each academic period, different instruments are used for course assessment and
evaluation. Concerning learning assessments, students are required to do homework and take written
exams or quizzes to demonstrate their understanding of entrepreneurship concepts. Besides, they are
required to do project presentations and elaborate written reports assessed by external evaluators
from private and public entrepreneurial funds. Project presentations include group presentations at
four stages of product development: problem detection, solution mock-up, solution prototype, and a
final presentation. Besides, in every project presentation, peer assessments are also conducted to allow
evaluation of their teamwork skills, including commitment, communication, and conflict resolution.

Since 2018, the teaching team has been mostly stable, what has allowed the conduction of course
evaluations at the end of each semester based on data collected throughout Pre- and Post- surveys
(more details in the methods section). Figure 1shows the improvement actions that have been imple-
mented over the last five academic periods based on this evidence. Over the semesters, the course has
incorporated more working and feedback sessions to not only allow students to work on their proj-
ects under the supervision of teaching staff, but to also receive timely feedback about their progress.

Besides, the course has incorporated a higher number of mentoring sessions with both technology
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of 2020 sessions earlier in of instructors’ between course topics and
the semester lectures the course project
Figure 1. Improvement actions that have been implemented in ING2030 course over the
last semesters.

and business experts to ensure that all teams receive guidance on specific aspects of their product
or service. The coordination of the course has also worked in the constructive alignment of different
course elements, optimizing the delivery of guest lectures, instructor lectures, and course topics.

Although the focus of the course has shifted from focusing on entrepreneurial intent to develop-

ing entrepreneurial skills, there are teams that decide to go beyond the course by transforming their
course projects into actual startups. Some examples of these cases are the following:

« B-Cycle: This team won the venture contest held at the end of the first semester of 2019, and
its project consisted of biodegradable and compostable beer bio packaging made from barley
waste from the brewing industry. After the course, they participated in further acceleration
projects, and in 2020, they were awarded a public fund of 34,000 USD.

¢ CmSonic: This team took the course during the first semester of 2018. Although they did not
win the venture context, they still participated in extracurricular entrepreneurial initiatives
within the university. Currently, they transform non-recyclable materials into recyclable by
using ultrasound (e.g., transforming discarded cement sacks into recyclable paper). In 2020,
they were awarded a public fund of 63,000 USD.

¢ LighWash: This team won the venture contest during the first semester of 2019. The project
started as a waterless clothing washing machine with UV light. With the beginning of the pan-

demic, they transformed their project into a startup focused on sanitizing health equipment
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and uniforms with UV-C light technology. They worked intensively in 2020 by disinfecting
equipment and uniforms of different institutions such as hospitals and firefighters, and they

were awarded a public fund of USD 83,000.

METHODS

Research Objective and Design

This paper aims to contribute to engineering education by sharing lessons learned from offering
the ING2030 course to all third-year students at PUC-Engineering in Chile. These lessons learned
were captured from analyzing Pre- and Post-Surveys that were implemented to formulate improve-
ment actions at the end of every semester. Specifically, this paper presents the results from the last
six academic semesters —1st semester of 2018 (1-2018), 2" semester of 2018 (2-2018), 15t semester
of 2019 (1-2019), 2" semester of 2019 (2-2019), 1¢t semester of 2020 (1-2020), 2" semester of 2020

(2-2020) — and the lessons learned from their analysis.

Data Gathering Techniques and Participants’ Sample

Every semester, the Engineering Education unit conducts a Pre-survey during the first two weeks
of the ING2030 course (weeks 1 and 2), and a Post-survey once the classes are finished (weeks 17
and 18). The Pre-Survey includes measurements regarding demographics (year of birth, gender,
participation in extracurricular activities, and prior exposure to family entrepreneurship), while the
Post-survey includes a 5-point Likert scale to measure students’ perceptions on learning benefits
from course teaching and assessment methods.

Considering that one of the objectives of entrepreneurship courses is to help students discover the
skillsets they possess (Assudani & Kilbourne, 2014), as well as their potential areas of improvement, we
also included a scale self-efficacy in the Pre- and Post-surveys. By self-efficacy, we mean Bandura’s
construct (1977), which refers to ‘the strength of a person belief that he or she is capable of perform-
ing the various roles and tasks of entrepreneurship’ (Chen, Greene & Crick, 1998, p. 295). To measure
the self-efficacy changes, we adapted a self-efficacy scale of ten items proposed by Cooper and Lucas
(2006) (see self-efficacy scale by following the link: http:/bit.ly/ING2030_self-efficacy). Before the
first semester of 2015 started, this scale was tested throughout four cognitive interviews with alumni by
following a think out loud protocol (Ryan et al., 2012), besides being revised by one international expert
in engineering entrepreneurship education. Then, we applied the self-efficacy scale at the beginning
and at the end of the first semester of 2015 to conduct a statistical validation of internal consistency
and construct validity. Regarding internal validity, Cronbach’s o values ranged between 0.74 and 0.89,

demonstrating high reliability and no redundancy in the items (Bonett & Wright, 2015). Regarding
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Table 1. Students who participated in Pre and Post surveys applied during the

ING2030 course in the last six academic periods.

1-2018 2-2018 1-2019 2-2019 1-2020 2-2020
Course enrollment (N) 370 252 387 326 384 403
Pre-Post sample (N) 267 167 266 201 206 194
Response rate (%) 72% 66% 69% 62% 54% 48%
Female students (%) (¥) 25% 30% 35% 34% 25% 32%
Students aged 20-21 (%) (*) 88% 76% 77% 76% 68% 59%

(*) These percentages correspond to the Pre-Post sample. Students aged 20-21 are a proxy to describe the percentage of
3rd-year students.

construct validity, Kaiser-Meyer-Olkin (KMO) tests were used to measure how suited was the data of
each scale for confirmatory factor analysis of one factor, and the KMO results of the self-efficacy scale
were meritorious in the ING2030 course, ranging between 0.72 and 0.87 (Beavers et al., 2013).

Table 1 shows the number of students who participated in the Pre- and Post-surveys applied to
students of ING2030 between the first semester of 2018 and the second semester of 2020. On average,
62% of the students participated in both surveys, providing self-reported self-efficacy levels at the

beginning and at the end of the semester, besides perceived learning benefits at the end of the course.

Data Analysis Plan

We analyzed the data separately to contrast the data obtained from these six periods. Concerning
self-efficacy levels, we estimated significant changes of the average scores of the self-efficacy scale.
To do this analysis, we previously calculated the overall scale score as a summation of the responses
selected by a respondent for the ten items. Then, we matched the overall scale score obtained in
the Pre- and the Post-survey for each student by using the students’ identification number. Then,
we conducted t-tests in SPSS to analyze the statistical significance of the pre-post differences of
the averages in both periods. Regarding learning benefits, we considered respondent scores that
were equal to or higher than 3, taking into account that the scale ranged from 1 (not beneficial) to 5
(extremely beneficial). Besides, improvement actions were extracted from end-of-semester meeting

minutes, to provide additional information for interpreting results and capturing lessons learned.

FINDINGS

Figure 2 shows the percentages of students who perceived learning benefits from the teaching

methods that are used in the ING2030 course. Project feedback sessions are perceived to be ben-

eficial by an important percentage of students, ranging from 69% to 89% in the last six academic
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Figure 2. Percentage of students who perceived learning benefits from different teaching
methods used in the ING2030 course.

periods. The other teaching methods have been perceived to be beneficial by a higher percentage
of students in the last two academic periods, particularly mentoring and working sessions.
Regarding learning assessment, Figure 3 shows the percentage of students who perceived learning

benefits from different assessment methods used in ING2030. Project presentations are perceived

100%
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:2 o m1-2019 (N=266)
0% ’ m2-2019 (N=212)
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0% i |
Project Peer External Homework  Written exams
presentations  assessments evaluation
Figure 3. Percentage of students who perceived learning benefits from different
assessment methods used in the ING2030 course.
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to be beneficial by an important percentage of students, ranging from 79% to 93% in the last six
academic periods. Whereas the other assessment methods have become beneficial for a higher
percentage of students in the last three academic periods. Even written exams were perceived to
be beneficial by 72% and 62% of the Pre-Post survey respondents during the first and second se-
mester of 2020, despite being a more traditional methodology (and not necessarily experiential).

Despite the different perceptions that students have regarding course teaching and assessment
methods, the overall results indicate that this course has been perceived as beneficial by most of
its students. Figure 4 shows that 66% of the students considered the ING2030 course beneficial
for their learning at the end of the first semester of 2018, and this percentage increased to 80%
at the end of the second semester of 2020. With respect to self-efficacy changes, Figure 5 shows
that the average scores of students’ self-efficacy have significantly increased every semester when
comparing pre and post results, while Table 2 reveals that most self-efficacy changes per item have
also significantly increased in most cases, particularly in the first semester of 2020. Although the
self-efficacy changes were not statistically significant during the second semester of 2020 (and
negative for some items related to entrepreneurial tasks — as shown in Table 2), students still ex-
hibited a significant improvement in their capacity to design a business model that is scalable and

replicable outside Chile, as in the first semester of 2018 and the first semester of 2020.

100%
. 78% b
BO% 72%
70% 66%
8]
s 60%
=
2 50%
kS
© 40%
30%
20%
10%
0%
1-2018 2-2018 1-2019 2-2019 1-2020 2-2020
(N=267) (N=167) (N=266) (N=212) (N=206) (N=194)
Figure 4. Percentage of students who perceived learning benefits from the ING2030
course as a whole.
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Figure 5. Average Self-efficacy scores at the beginning (Pre) and at the end (Post) of the last six
academic periods (changes Pre and Post are statistically significant with a 95% of confidence level

[excepting for 2-2020]). See self-efficacy scale by following: http.://bit.ly/ING2030_self-efficacy.

Table 2. Self-efficacy changes according to Pre and Post surveys applied during

the ING2030 course in the last six academic periods.

1-2018 2-2018 1-2019 2-2019 1-2020 2-2020
(N=267) (N=167) (N=266) (N=212) (N=206) (N=194)

Motivate a diverse group of people to work as a team 0,3 0,3 -0,2 0,2 0,88 -0,5
Study technologies and discover a new way to use

them that could be practical 0,4 0,6 0,2 0,4 0,77 -0,5
Recognize a good business opportunity for

international projection 0,4 0,2 0,3 0,6 0,85 0,1
Ask probing questions that stimulate other people to

explore ideas 0 0,6 0,4 0,5 0,44 0
Select an alternative solution to a problem without

having all the information necessary to solve it 0,4 0,6 0,3 0,6 0,47 -0,4
Design a prototype to understand how a new

product or service works 0,4 0,6 0,5 0,6 0,85 -0,3
Design a business model that is scalable and

replicable outside Chile 1 1 0,6 0,7 1,55 0,4
Write an entrepreneurship project description for

competitive funds 0,7 0,6 0,9 0,83 0,1
Clearly describe a problem and its solution in

Spanish in oral form 0,1 0,4 0,2 0,5 1,1 -0,2
Start a technology-based entrepreneurship 0,3 0,8 0,3 0,5 0,94 0

Note: Self-efficacy differences were estimated by subtracting the average self-efficacy scores at the beginning (Pre) from the
ones at the end (Post). These self-efficacy scores ranged from 0 to 10. The differences in bold are statistically significant at a
95% confidence level according to paired #-test students conducted in SPSS.
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DISCUSSION AND CONCLUSIONS

Different lessons learned were captured from the findings described in the previous section.
Across the last six academic periods, a significant percentage of students have perceived learn-
ing benefits from project feedback sessions and presentations that they undertook as a team. This
finding resonates with current efforts from engineering programs to deliver entrepreneurial training
through project- and team-based learning (Rae & Melton, 2017). In the case of PUC-Engineering,
this type of training not only targets students who are interested in becoming entrepreneurs in the
near future, but a wide diversity of learners who might explore diverse career paths. In that sense,
the first lesson learned is that entrepreneurship education could be incorporated into project-based
courses within the engineering core curriculum, offering all students the opportunity to identify
entrepreneurship concepts and tactics as a team. Project-based courses provide learners with the
opportunity to demonstrate the skills they have acquired throughout the development of an entre-
preneurial endeavor, catalyzing the constructive integration of entrepreneurial skills and knowledge
(Duval-Couetil et al., 2014).

With respect to other course teaching and assessment methods, the course coordination has
made the sustained effort to include more working and mentoring sessions with the passage of time,
reducing the number of instructors’ and guests’ lectures (see Figure 1). Consequently, students have
perceived these types of sessions to be more beneficial in the last three semesters. According to
Taks, Tynjala, and Kukemelk (2016), engineering students value entrepreneurial learning opportuni-
ties that encourage them to integrate theory with practice. In that sense, courses such as ING2030
give students the responsibility over their learning by motivating them to acquire entrepreneurial
skills and knowledge by themselves and develop a project within time constraints. Still, they expect
their instructors to provide them with constant feedback to support their generation of ideas and
their detection of good business opportunities (Taks et al., 2016). Thus, the second lesson learned
is that teaching staff and experts should assume the role of learning facilitators by giving students
timely feedback and guidance about their progress in their entrepreneurial projects. Furthermore,
working and mentoring sessions should be used to emphasize social construction of learning, and
during these sessions, teaching staff must play a mentoring role as they provide feedback and for-
matively assess students’ learning.

Nonetheless, these findings must be interpreted with caution and a couple of limitations should
be borne in mind. First, the ING2030 course is one of the many ways to deliver entrepreneurial
training (Celis & Huang-Saad, 2015; Gilmartin et al., 2016), and findings are only representative for a
specific context. Second, research on engineering entrepreneurship education is still an emerging

field (Huang-Saad et al., 2020), and more studies are needed to build consensus on what is required
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to develop an entrepreneurial mindset among engineering students in different university settings.
In order to address these limitations, more studies should systematically assess the self-efficacy
gains and the learning benefits perceived by students from different entrepreneurial learning ex-
periences (Purzer et al., 2016). In these lines, the data collected by the Engineering Education Unit
from Pre- and Post-Surveys has provided course coordinators and instructors with information to
reflect about curriculum and teaching practices at the end of every semester, motivating them to
incorporate improvements from the perspective of students. Future work will triangulate these
sources of evidence with students’ performance in project deliverables and external evaluations,
exploring the alignment between learners’ perception and behavior.

In conclusion, we expect that this description of how a core course teaches engineering students
about research, entrepreneurship and innovation will motivate other engineering education lead-
ers and teaching staff to go beyond existing entrepreneurship majors and certificates. Designing
entrepreneurial programs and courses for a wide diversity of learners is particularly important for
engineering education programs in developed countries, where these type of learning experiences
have recently started to emerge (Moreno et al., 2016), without necessarily providing information
and studies on their effectiveness. Thus, more studies should be conducted to understand how en-
trepreneurship courses prepare engineering students for technology-based entrepreneurship and
innovation, exploring self-efficacy shifts and learning benefits from course teaching and assessment

strategies targeting a growing number of students.
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