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Introduction 

As one of the charter members of the Kern Entrepreneurial Engineering Network (KEEN), the 
Ohio Northern University College of Engineering has been at the forefront of incorporating 
elements of the entrepreneurial mindset (EM) into all of its programs’ curricula. EM is a multi-
faceted concept comprising a wide range of attitudes, characteristics, skills, and traits such as 
adaptability, creativity, critical thinking, curiosity, empathy, innovation, risk-taking, and value 
creation. As with other competencies, EM is most likely to accumulate if encountered throughout 
the curriculum instead of presented as a single activity in a single course. Accordingly, multiple 
courses were selected to introduce various EM competencies, including the second introductory 
programming course (CS2) taken by computer engineering and computer science majors. 
 
For many years, CS2 has had a culminating design experience focused on educational software 
application development. When the decision was made to incorporate EM-based learning, this 
term project was modified to include real-world clients with educational outreach needs. This 
incorporated three critical aspects of EM: the curiosity associated with an open-ended problem, 
making connections through a variety of informational sources, and creating value for others 
through developing a deliverable product. However, this course modification exposed an 
unexpected complication: students experiencing significant discomfort when communicating with 
clients. To address this, a series of communicative tools were added, being introduced to the 
students before any meaningful client interactions by using a “sandbox” approach. By “playing in 
the sandbox,” students can practice applying these tools in a judgment-free environment, having 
the freedom to fail gracefully and in private before meeting with their clients.  

Background 

Competency-based education (CBE) was first introduced to postsecondary education in the early 
1970s; interest in this approach has grown over the past decade due to various social, economic, 
and political factors regarding both the quality and cost of higher education in the United States.1 
Over the years, CBE has had multiple definitions and multiple interpretations; it was once 
snarkily referred to as “a bandwagon in search of a definition.”2 A recent operational definition, 
constructed from both literature review and key informant interviews, is “an outcome-based 
approach to education that incorporates modes of instructional delivery and assessment efforts 
designed to evaluate mastery of learning by students through their demonstration of the 
knowledge, attitudes, values, skills, and behaviors required for the degree sought.”3 As the future 
of education continues to be examined, there has been a growing call for going beyond the rote 
elements of knowledge-based learning to incorporate human skills into technical curricula. For 
example, a recent contributor to Forbes discussed the necessity of CBE for the future of work, as 
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the need for human skills will be “increasingly important as technology gets more capable of 
fulfilling repetitive tasks.”4 Within technical fields, the limitations of a knowledge-based view 
have become manifest, with employers often reporting that graduates lack the skills and 
attributes necessary to effectively perform in industry.5 To help address this within the various 
computing fields, the Computing Curricula 2020 (CC2020) Task Force embraced the nature of 
competency as a salient feature of the CC2020 project, calling for developing curricula that are 
“more expressive in their learning goals” and address “the language of graduate job descriptions 
and industry needs” through incorporating components addressing those dispositions, skill levels, 
and practical tasks that are reasonably expected of graduates.6 
 
Within the United States, a similar call has been made for incorporating an entrepreneurial 
mindset into undergraduate engineering curricula. EM is a multi-faceted concept comprising a 
wide range of characteristics, skills, and attitudes; its curricular presence is often implemented in 
ways that enable an institution to best leverage its resources, including faculty background, 
available partnerships, and funding opportunities.7 As defined by KEEN, entrepreneurial mindset 
is a habit of mind geared toward action; a way of thinking about the world that empowers people 
to identify opportunities and create value in any context.8 Network members from more than 50 
affiliated institutions have applied the KEEN Framework9 within their curricula to help students 
understand the importance of opportunity and impact in the context of design through the 
development of EM resources available via the Engineering Unleashed website.8 The Framework 
cultivates curiosity about our changing world, empowers students to make connections from 
various informational sources, and promotes creating value for others through a combination of 
mindset and skillset learning outcomes. Additionally, the Framework provides a scaffolding for 
these outcomes that is founded on character and expressed through collaboration and 
communication to help ensure the development of engineers that can fully contribute to society. 
Among the justifications for EM’s integration into the engineering curriculum are that it 
reinforces technical concepts (especially in design-related topics), helps promote greater 
inclusion within the profession, and develops a mindset oriented towards problem-solving, 
empathy, creativity, and valuing the expertise of others.10 The KEEN Framework’s 
“mindset+skillset” approach presents EM as a competency geared towards graduates creating 
value for their organizations and communities in successful and rewarding engineering careers.9 
To succinctly put it, EM is CBE. 
 
KEEN’s approach also benefits the development of computing professionals. Research 
investigating the EM of engineering and computer science students did not report any differences 
between these two groups.11 The assessment of student work from EM modules deployed in a 
junior-level software engineering course was found to be of higher quality than previously 
experienced, with students reporting the activities being most helpful for designing, building, and 
testing real-world systems.12 Assessment performed through a validated quantitative survey for a 
service-learning project featuring a software deliverable indicated that the addition of EM 
yielded a positive change in all 10 student attitude traits measured by the instrument when 
compared to prior results.13 Others outside of KEEN have also reported positive results from 
incorporating EM into their respective curricula. Examples include Brandeis University teaching 
web and mobile development via an entrepreneurial bootcamp,14 the University of Gothenberg 
organizing entrepreneurial experiences involving an external client in a software engineering 
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project course,15 and Lipscomb University incorporating an entrepreneurship concentration into 
their Information Technology program.16 
 
The computer science program at Ohio Northern University began its process of incorporating 
EM into selected courses in 2013, ramping up the process across the curriculum over the next 
several years. The CS2 course at Ohio Northern University, Programming 2, was selected in 
2014 as the location where elements of EM would be first introduced to students in the program. 
Historically, Programming 2 has used the development of educational software applications as a 
culminating term project experience. To fully embrace an EM approach, real-world problems 
were introduced by recruiting on-campus clients with educational outreach needs, thereby 
leveraging available institutional resources. Student teams now had to identify opportunities, 
investigate the competition, create multiple potential solutions, employ criteria to determine the 
best approach forward, and come up with a deliverable – and throughout all this work with a 
real-world client with real-world needs. However, this uncovered an unexpected complication: a 
rise in student discomfort caused by the need for interpersonal interactions with those outside 
one’s discipline. The presence of a client creates higher stakes for the Programming 2 students, 
both in terms of the required interactions plus the need for delivering a functional software 
application at the end of the term. Unfortunately, while the American K-12 system provides 
students with many opportunities to work in team environments, developmental experiences for 
both oral and written interpersonal communications with those outside of their educational 
environment are limited at best, leaving such skills underdeveloped. 
 
To assist with developing interpersonal skills, since 2018 a set of EM-derived communicative 
tools have been introduced to the Programming 2 students using a “sandbox” approach, where 
teams learn in a self-contained, safe environment with the instructor serving as the client for a 
fictitious yet legitimate project. By working first in a sandbox, students learn to function as a 
team while applying these new communicative tools while having the freedom to fail gracefully, 
should misconceptions arise, into a cushion of instructor-supplied sand instead of the harsh, 
brutal concrete of reality. It is the authors’ contention that such prior practice helps position 
students toward a more successful client experience. 

Implementation in Programming 2 

Programming 2, the CS2 course at Ohio Northern University, is a four-credit hour Java 
programming course that focuses on Object-Oriented Programming, GUI development, the 
event-driven programming paradigm, early professional skills and techniques, EM competencies, 
software development, and effective communication. The course meets weekly for three 50-
minute lecture sessions and a 165-minute computer lab session. Programming 2 is the second 
course in a two-part sequence; the first course focuses on learning C++ programming, while the 
second focuses on advanced concepts and skills needed by professional programmers. Many 
topics can be placed into a CS2 programming course, but there are only 15 weeks during a 
semester. Therefore, the challenge is selecting content that best fits the program’s educational 
objectives so as to attain significant impact, especially in preparation for future classes.  
 
The CS2 course begins with an introduction to Java, the foci being placed on graphical user 
interfaces, event handling, and the object-oriented programming paradigm. Approximately seven 
weeks into the semester, the course switches gears and orients around building both teaming and 
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software application development skills. The students are first introduced to a case study based 
on the educational computer game The Oregon Trail, popularized first as a text-based game in 
the 1970s and then achieving “died of dysentery” notoriety when re-imagined for the Apple II 
microcomputer in the 1980s. This case study provides a sandbox environment venue for the 
student teams to practice using various communications-oriented development tools and 
techniques. Afterwards, the teams begin working with their clients, with their service-learning 
efforts culminating in a deliverable software application that meets expressed clients’ needs. 

Introduced Tools and Techniques 

The following sections delve into the communications-oriented tools and techniques introduced 
in Programming 2 via the sandbox approach. 

Story Mapping 

The story map utilizes visual communication techniques “to build shared understanding for the 
members of the team”17 by “breaking down big stories as you tell them.”18 Story mapping is an 
agile software development strategy that encourages students to “talk and doc”18 by creating 
sticky notes (or cards) with crucial points, which makes it easier for teams to recall past 
conversations.  These sticky notes can easily be rearranged or organized based on goals and 
priorities.19 
 
Through the story mapping process, the team can identify holes or missing concepts within the 
design or with the team’s conceptualizations of the problem, thereby encouraging development 
teams to focus on the breath of their story before tackling the depth to help avoid losing sight of 
the original story and never reaching the finish line.18 After completing the breadth of the story, 
the development team focuses on the details and specific options through easily repositionable 
sticky notes (either using actual sticky notes or their electronic equivalent). This process allows 
all the team members to engage in “a good old-fashioned conversation and then organizing it in 
the form of a map.”18 Consequently, story mapping encourages the practice of several EM-
associated skills – e.g., adaptability, empathy, and critical thinking – while allowing a student to 
further develop informal interpersonal communication skills. 

NABC 

The NABC model was developed by SRI International; as described by Carlson and Wilmot,20 it 
serves as a communicative tool for identifying important needs and proposing innovative value 
creation. It is based on the premise that the application of the following fundamental questions is 
sufficient for the early vetting of the potential of delivering customer value for a particular 
project: 

 What are the important customer and market needs? 
 What is a compelling approach for addressing these needs? 
 What are the benefits that result from this approach? 
 How are these benefits superior to the competition and alternatives? 

 
Collectively, these questions form a quantifiable and understandable value proposition along the 
dimensions of Need, Approach, Benefits, and Competition, usually referred to as NABC. This 
tool provides a systematic approach toward performing an initial assessment of a product or 
service proposed for solving an identified need, and for communicating the results to interested 
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parties, thereby playing a central role in developing new innovations.21 Although designed for 
practicing professionals, within education it has been successfully used as a framework for 
promoting technical writing skills22 and for thinking creatively in organizing proposal (AKA 
elevator) pitches in various engineering design projects.23, 24 

MVP 

Frank Robinson first conceived the Minimum Viable Product (MVP) in 2001 as a visual form of 
customer engagement designed to maximize return on risk.25 The process became popular when 
featured in Ries’ book The Lean Startup26 and is considered an essential step in the Lean Startup 
methodology. This step focuses on the software development team getting a working piece of 
software in front of the client as quickly as possible to gain essential insight that can be cycled 
back into the iterative design process of agile software development. This concept is used within 
Programming 2 to help students complete an “early prototype” containing minimal functionality, 
which is then shown to the client for their constructive feedback. An MVP-based approach thus 
promotes early communication between development team and client (or end-user) that helps 
minimize the risk of designing an unwanted product. Ries’ book discusses and warns against 
developing an end product without a solid foundation within the marketplace.26 

SWOT Analysis 

The project begins by placing students into groups of 3-4 students using the CATME 
(Comprehensive Assessment of Team Member Effectiveness) software.27 Groups are built by 
teaming students based on both scheduling and work/learning style preferences.  After finishing 
the series of sandbox-related activities for introducing the EM competency techniques presented 
in this paper, students complete both reflective and peer evaluations using CATME. This is 
followed by a SWOT analysis that is first performed individually and then discussed collectively. 
This analysis allows the team to collectively examine their strengths and weaknesses, evaluating 
the extent to which they work well together as a team. An updated SWOT Report documenting 
these discussions is then submitted to the instructor for review and possible intervention if 
warranted. These activities are used to discover and address interpersonal issues before moving 
out of the safety of the sandbox and into the higher-stakes world of working with clients. 

Playing in the Sandbox: The Oregon Trail 

To develop students’ communication skills and practice EM competencies, each new tool is first 
introduced and practiced within a self-contained, safe environment, with the instructor serving as 
the client for a fictitious yet legitimate project. First-year students generally have minimal real-
world client experience, nor do they have software development knowledge. Therefore, all of 
this preparation material provides a low-stakes environment for the students to explore 
unfamiliar concepts – NABC, MVP, team-based software development – before proceeding to a 
higher-stakes situation. In addition, using a historically known and widely used “vintage” 
computer game provides students the opportunity to practice research skills and provides a way 
to “check their answers” against the original game. This preparation allows the student to reach a 
comfortable position to design and create a successful service-learning application for their real-
world clients. Finally, the case study of The Oregon Trail is chosen because it provides room for 
open-ended solutions but with more constraints present than those found in software engineering 
courses typically offered at the junior- or senior-level.  
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In lab, the students are introduced to the concept of simple persona development (technically, 
another communications tool, albeit not listed above). They are provided with a skeleton persona 
template, some basic persona background information, an example persona (“Brittney,” provided 
in Figure 1) of a 6th grader studying the topic of the great Western migration in her American 
Social Studies class, and the following scenario: Brittney is working on a “Pack Your Wagon” 
group exercise for stocking a wagon with supplies prior to traveling on the Oregon Trail. 
Unfortunately, Brittney is experiencing conflicts with her teammates, making for a negative 
learning experience. Her Social Studies teacher (the client, whose role is played by one of the 
Programming 2 course instructors) is seeking an alternative, app-based method for students like 
Brittney to learn the materials. For added realism, the instructors provide an actual “Pack Your 
Wagon” Oregon Trail lesson plan28 and various published articles related to the development of 
the original The Oregon Trail text-based computer game. A corresponding lab exercise has each 
student building a second persona for the supplied lesson plan, to both provide a different 
perspective and to practice their creative writing skills. These new personae are shared within 
teams to learn the essential EM skills of both giving and receiving constructive criticism – an 
important form of communication in the software development field. Collectively, these 
scenarios and personae provide the basis for the sandbox project’s problem statement. 
 

 
 

FIGURE 1. EXAMPLE PERSONA 
 
First, teams create a story map based on the provided scenario and personae. While 
specifications vary from year to year, the student teams are then asked to sketch out the design of 
an educationally focused Oregon Trail-type computer game based on an NABC analysis, using 
the provided lesson plan as the competition. Story maps are now employed to help determine the 
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overall arc of the proposed application, from which an MVP is derived. The teams then work to 
both create an NABC-based elevator pitch (with a corresponding recorded video presentation) 
and implement the MVP version of their software application. The pitch is then presented, and 
the MVP app demoed, to the “client” – i.e., their instructor. From this, the teams are provided 
with formative feedback regarding their performance. Note that, as the purpose of the sandbox 
approach is to practice using communication tools, there is no need for the students’ Oregon 
Trail software application development to progress beyond the MVP stage. Afterward, the 
students “exit” the sandbox by completing individual and peer reflective evaluations via 
CATME, followed by their team’s SWOT analysis. 

Assessment 

In the spring 2021 offering of Programming 2, 49 students enrolled in the two sections of the 
course were asked to voluntarily complete an online post-sandbox activity survey that included 
questions regarding the use of the NABC and MVP tools. This, along with direct measures 
conducted following the subsequent client-based service-learning term project conducted by the 
14 teams that the students were organized into, provided the assessment data shown below.  
 
Near the end of the semester, teams participate in a Software Application Fair – “App Fair” for 
short – where they undergo a critical design review of their term project through presentations to 
sets of external judges from a variety of disciplines, most of whom have no prior knowledge of 
the applications being developed for the clients. These presentations begin with an NABC-based 
elevator pitch that provides context, followed by a software demonstration; the judges are then 
free to interact with the teams regarding various aspects of their design. Due to COVID 
restrictions, for the last two years the App Fair has been held virtually using Google Meet. 
Because of this medium, it has been possible to require each team to record one of their judging 
sessions and submit it to the instructors for evaluating their application of the NABC model in 
their pitches. The results from applying a rubric to these videos that is designed to measure the 
four dimensions of an NABC pitch are shown in Figure 2. While most teams rated at the 
Proficiency level or better overall, several teams struggled with the Competition dimension of 
the pitch. This can be in large part due to the lack of an identifiable real-world competitor when 
developing educational software for one of Programming 2’s typical clients. 
 

 
FIGURE 2. NABC ASSESSMENT29 

 
The post-activity survey was used to gauge the extent to which students believe they benefited 
from using the various tools introduced via the sandbox approach in their client interactions. 
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Figures 3 and 4 examine the two halves of a communications channel between the teams and 
their clients: the ability for the students to present ideas regarding a design solution (Figure 3), 
and receiving useful feedback from the client (Figure 4). In their responses, the students 
indicated that both the NABC and MVP tools, learned through playing in the sandbox, positively 
assisted their efforts in effectively communicating their ideas to the client during the term 
project. Additionally, the students responded that both tools positively assisted their efforts to 
garner feedback from the client on their software application – another important form of 
communication and EM competency. In both cases, the use of the MVP tool did garner higher 
marks than did the NABC tool. 
 

      
FIGURE 3. IDEA PRESENTATION                               FIGURE 4. GETTING FEEDBACK 

 
The students were also directly asked their opinions of the use of the sandbox approach (Figure 
5) for learning how to use the MVP and NABC tools. These results were strongly positive, with 
80% of the respondents indicating that the sandbox was an effective method of presenting the 
NABC model while 95% indicated that the sandbox was an effective method of presenting the 
MVP model. Regarding the balance between “business” (i.e., EM-derived tools such as MVP 
and NABC) versus programming content overall in the CS2 course (Figure 6), students exhibited 
mixed feelings. However, while the overall responses shaded toward having slightly more 
business content than desired, no student reported an extreme in either direction. Thus, it does 
appear that students are finding the content they are being taught in the sandbox and then applied 
within the term project to be beneficial in overcoming their various client-related inhibitions 
regarding communication on technical topics with those outside of their field. 
 
 

      
FIGURE 5. SANDBOX APPROACH29 

                                          FIGURE 6. BALANCE OF CONTENT 
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Student Comments 

As part of the post-activity survey administered to the students, they were asked to provide 
qualitative for feedback regarding the extent to which the sandbox environment provided a good 
introduction towards learning how to apply the MVP and NABC models. Student responses 
tended to overall favor the MVP, a more programming-heavy concept, over the presentations of 
NABC. Additionally, several students stated that there was room for improvement regarding 
both the initial demonstration and the related sandbox assignments for NABC, personas, and 
story mapping. SWOT analysis was also viewed positively by several of the teams. One team 
struggled during the sandbox phase, but engaging in the SWOT analysis and reflection activity 
helped those students to become a strong team during the client phase. 
 
In terms of feedback regarding the personas, story mapping, and other techniques of EM 
competency, the students did not provide specific remarks. Some comments opined that the 
course focuses entirely too much on the “business” side and less on the programming, especially 
in the second half of the semester. Such comments are not surprising, as there are those who 
expect to find 100% programming content in a programming course. Overall, the students 
indicated that the course, as structured, is helping them prepare for a successful future, and “the 
things that we were being introduced to were very beneficial.” As one student so eloquently put 
it: “I found the real-world comparison to be useful in preparing me for the future.” 

Faculty Reflection 

The authors hope to further improve and increase the EM competencies material within this 
course. New lectures and lab exercises are planned to reinforce NABC concepts (especially 
“competition”) and allow for practice of mini-elevator pitches earlier in the semester during 
future offerings of Programming 2. The instructors believe the sandbox approach has been highly 
successful and results in both better client-student interactions and greater satisfaction with the 
project deliverables. Using the Oregon Trail game as the sandbox’s theme will also continue; 
however, some aspects will be modified next year to incorporate a discussion on diversity and 
equality that aligns with the newly updated and more accurate version of The Oregon Trail now 
available as part of Apple Arcade.30 

Conclusions 

Based on the data from both the formative and summative assessments, the sandbox technique 
appears to be a viable way to introduce the various EM competencies and communication skills 
needed by the Programming 2 students. This safer environment allows them to practice their 
communication skills among their peers and the instructors for feedback and suggestions for 
improvement before the stakes are raised to real-world clients. While there are still 
improvements that can be made, the authors believe this is a successful technique worthy of 
future pursuits and research, as both our students’ ability to communicate and their comfort level 
in working with clients have improved over the semester. Furthermore, this research 
demonstrates that EM competencies can be successfully integrated into the first-year, thereby 
providing a solid foundation for those EM-oriented courses found later in the curriculum.  
 



Proceedings of the 2022 ASEE North Central Section Conference 
Copyright © 2022, American Society for Engineering Education 

10

Available Resources 

To best deliver meaningful value, experiential reports such as this should readily supply all 
interested readers with those materials developed “in-house” as an aid for any potential adoption 
efforts. Accordingly, a “Card” – i.e., an information repository – has been created for this paper 
on the Engineering Unleashed website operated by KEEN.31 This card provides instructional 
materials for covering the EM competencies along with all of the materials mentioned in this 
paper, including those developed “in-house” such as the rubrics, personas, etc. These materials 
can be freely downloaded, reviewed, adopted, and if desired modified, by anyone for use in their 
courses under the Creative Commons CC BY-NC license.32 
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