
Paper ID #10070

Combining Technical and Entrepreneurial Skills in an Electric Circuits Course
through Project-Based Learning

Dr. Heath Joseph LeBlanc, Ohio Northern University

Heath J. LeBlanc is an Assistant Professor in the Electrical & Computer Engineering and Computer
Science Department at Ohio Northern University. He received his MS and PhD degrees in Electrical
Engineering from Vanderbilt University in 2010 and 2012, respectively, and graduated summa cum laude
with his BS in Electrical Engineering from Louisiana State University in 2007. His teaching interests
include control, signals and systems, electric circuits, engineering economy, electromagnetics, and system
design. His research interests include cooperative control of networked multi-agent systems, resilient
and fault-tolerant control, and networked control systems. He received the Best Student Paper Award
in the area of Intelligent Control Systems and Optimization at the 2010 International Conference on
Informatics in Control, Automation and Robotics, and he received an Honorable Mention Award at the
2012 International Conference on Hybrid Systems: Computation & Control.

Dr. Khalid S. Al-Olimat P.E., Ohio Northern University

Dr. Khalid S. Al-Olimat is professor and chair of the Electrical & Computer Engineering and Computer
Science Department at Ohio Northern University. He obtained his BS in Electrical Engineering from Far
Eastern University in 1990, the MS in Manufacturing Engineering from Bradley University in 1994 and
his PhD in Electrical Engineering from the University of Toledo in 1999. Dr. Al-Olimat is the recipient
of Henry Horldt Outstanding Teacher Award in 2004. He is a senior member of IEEE and the chair of
IEEE-Lima section. His areas of interest are power engineering, adaptive, fuzzy and intelligent control.
Dr. Al-Olimat is a registered professional engineer in the State of Michigan.

Dr. Firas Hassan, Ohio Northern University
Dr. Nesreen Alsbou , Ohio Northern University

c©American Society for Engineering Education, 2014

P
age 24.289.1



Combining Technical and Entrepreneurial Skills in an Electric Circuits 
Course through Project-Based Learning 

 
Heath LeBlanc 

ECCS Department 
Ohio Northern University 

Ada, OH 45810 
h-leblanc@onu.edu 

 
Firas Hassan 

ECCS Department 
Ohio Northern University 

Ada, OH 45810 
f-hassan@onu.edu 

Khalid Al-Olimat 
ECCS Department 

Ohio Northern University 
Ada, OH 45810 

k-al-olimat@onu.edu 
 

Nesreen Alsbou 
ECCS Department 

Ohio Northern University 
Ada, OH 45810 

n-alsbou@onu.edu 
 
Abstract 
Educators should always seek opportunities to enhance their course material and equip students 
with skills to help them achieve success in their career after graduation. One skill that has drawn 
much attention recently is the entrepreneurial mindset.  This paper presents a project-based 
learning approach that infuses some of the soft skills associated with the entrepreneurial mindset 
with the technical skills of electric circuit analysis and design through a specific multi-phase, 
multi-disciplinary project.  The course is offered to engineering students majoring in electrical, 
computer, mechanical, civil, and engineering education. The expected outcomes are effective 
collaboration and communication, persisting and learning from failure, management, and solving 
ambiguous problems.  In addition, the paper presents all involved details in this project including 
the phases mentioned above, rubrics used for project evaluation, assessment of students’ attitude 
toward this activity, assessment of project outcomes, and the related ABET student outcomes.  
 
1. Introduction 

 
Educators should always seek opportunities to enhance course material and equip students with 
skills to help students achieve a successful career after graduation. Recently, skills associated 
with the entrepreneurial mindset have drawn much attention, especially with regard to 
engineering education1,2.  The entrepreneurial mindset is generally regarded as possessing an 
inclination to innovate, coupled with keen business acumen, in order to bring innovations to 
fruition and capitalize on latent demand. However, statistically speaking, an entrepreneur is more 
likely to fail than to succeed. According to U.S. Census data, only 48.8 percent of the new 
establishments started between 1977 and 2000 still remained after five years. Therefore, the key 
to success as an entrepreneur is to persist through and learn from failure.  
 
These characteristics of an entrepreneur are important for engineers, and for companies who 
employ engineering graduates. It is not sufficient for engineers to just be good technical problem 
solvers. Engineers are expected to interact with clients and communicate their designs and ideas 
in the vernacular understood by business professionals.  Moreover, cost is inherently a 
fundamental aspect of engineering design. By infusing the entrepreneurial mindset within 
engineering courses, the importance of cost considerations is made explicit.   
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Although most engineering programs aim to instill skills related to the entrepreneurial mindset, it 
is common to focus on these skills more in the freshman engineering courses or in the senior 
capstone sequence3.  It is generally regarded as more difficult to incorporate student outcomes 
related to the entrepreneurial mindset in sophomore and junior-level courses due to the balance 
of breadth and depth of technical content and a perceived tradeoff of core material for business-
related content4,5. However, through project-based learning techniques it has been shown that 
technical skills do not suffer, but rather, if framed properly, project-based learning techniques 
can improve technical skills while infusing real-world problem solving into our core courses6. 
Hence, project-based learning is a promising paradigm for introducing content supporting an 
entrepreneurial mindset into the core courses of engineering curricula. 
 
One of the core courses in the Electrical Engineering curriculum is the Electric Circuits course (4 
semester credit hours). The course covers electric circuit analysis techniques along with certain 
aspects of circuit design. The course objectives include circuit analysis, design, simulation, and 
data gathering and analysis in the laboratory. The analysis-portion of the objectives emphasizes 
proficiency in the analysis of DC and AC circuits, including operational amplifiers, first-order 
transient analysis, ideal transformers, and balanced three-phase circuits.  The design objectives in 
the course include design and construction of simple circuits based on given specifications. The 
lab component of the course emphasizes competence in the simulation of circuits with PSPICE, 
safely constructing electric circuits, and obtaining experimental data through bench 
measurements using laboratory equipment such as oscilloscopes and digital multimeters.   
 
At the authors’ institution, the Electric Circuits course is a sophomore-level course required for 
Electrical, Computer, Mechanical Engineering, and Engineering Education students, and may be 
taken as an elective for Civil Engineering students. Due to the multi-disciplinary nature of the 
audience, it was easy for the instructors to require from each team to include members from 
different disciplines.  
 
The expected outcomes of the project are effective collaboration and communication, persisting 
and learning from failure, management, and solving ambiguous problems.  These outcomes 
agree with the entrepreneurial skills specified by the Kern family foundation3,7,8.  Such skills are 
believed to contribute to breakthrough innovation8. 
 
The rest of the paper is organized as follows: Section 2 presents the project description and how 
each deliverable mapped to the learning outcomes of the project. Section 3 illustrates some of the 
samples from students’ work. Section 4 presents the assessment rubrics and data. Section 5 
presents the related ABET student outcomes. Section 6 describes the students’ attitude toward 
the project. Finally, Section 7 provides a brief conclusion.  
 
2. Project Description and Learning Outcomes 
 
The entrepreneurial component of the Electric Circuits course, in its current form, is given as an 
extra-credit project.  This is the second time the project has been offered, and it has been 
significantly improved in its second offering.  A description of the original offering of the project 
is described in another paper9. The project requires students to form teams, or fictitious 
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companies, comprised of two to four members spanning across at least two disciplines. The task 
is to respond to a Request for Proposal (RFP) that requires the design of a set of temperature 
sensors using Negative Temperature Coefficient (NTC) thermistors for a customer, which is 
represented by the instructor. The primary customer requirement is that the temperature sensor 
should output a voltage in the range of zero to five volts for temperatures in the range of 25°C to 
50°C, with an output voltage of zero volts at 25°C and five volts at 50°C.  Other than this 
specification, the remainder of the description was left intentionally ambiguous in order to 
support the outcome of solving ambiguous problems, which is one of the outcomes associated 
with the entrepreneurial mindset3,7,8. 
 
Prior to submitting the written proposal, the teams were required to translate the given customer 
specifications to engineering specifications or requirements, research the problem, and propose 
two alternative solutions.  Each section instructor of the course provided feedback based on the 
two alternative solutions to inform the students of the weaknesses and strengths of the proposed 
solutions and guide them toward developing the best possible solution. Although this step of the 
proposal development process would not exist in an industry setting, it was useful from a 
pedagogical standpoint and supported the outcome of persisting and learning from failure, which 
is one of the outcomes associated with the entrepreneurial mindset3,7,8. 
 
In the written proposal, each “company” had to list the required materials, show total cost 
including labor, perform a break-even analysis, illustrate the circuit design and schematics, 
verify the designed circuit through simulation, plot the voltage-temperature relationship of the 
designed circuit, establish a detailed testing plan, investigate proper device housings, propose a 
time schedule for delivery, construct a prototype circuit, perform the tests detailed in the test plan 
on the prototype, and report results of the tests in an attached specifications sheet for the device. 
By requiring the students to include the cost of materials, services, and other expenses, the factor 
of cost was made explicit.   
 
After submitting the written proposal, there was a two-stage evaluation process for selecting the 
winning bid. In the first stage, each team within each class section was given five minutes to 
pitch their proposal using a PowerPoint poster in an effort to convince the customer (in this case 
the section instructor) that their design was the best within the section and should be selected to 
win the bid. This pitch was aimed to improve the students’ ability to effectively collaborate and 
communicate, which is another outcome associated with the entrepreneurial mindset3,7,8. 
 
After the first stage, the proposals were ranked and graded by the section instructor according to 
predetermined evaluation criteria given in the RFP, and the winning teams (of each section) 
participated in the second stage of pitches. The members of the top group from each section were 
allowed to meet with their section instructor prior to the second pitch in order to improve their 
design, testing procedures, and pitch. Based on the results of the second stage (obtained from 
rubrics developed for the pitch, written proposal, and poster, and provided in Section 4), two 
“companies” tied for the overall bid. The two winning teams received a monetary prize and were 
funded to present the project in an ASEE section meeting. All teams were required to build their 
circuit, execute the test plan as mentioned in the proposal, fabricate the circuit on a printed 
circuit board, and deliver a working prototype.   
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3. Sample Work 
 
Students who participated in this activity completed all required tasks based on the RFP.  
Instructors were very pleased with the work carried out by the students.  The elements of the 
project as mentioned earlier include a written proposal, schematic of the designed circuit, 
constructed prototype, testing, material cost, and a poster presentation for pitching. 
 
Students designed their own circuit, simulated and fabricated it.  Figure 1 shows a sample of a 
circuit schematic and Figure 2 shows students constructing an initial prototype. The written 
proposal must include a cover letter as a memo.  Figure 3 shows a sample cover letter from a 
participating team. Figure 4 illustrates students testing their own design.  Figure 5 shows a 
sample bill of material.  Figure 6 shows a sample of some of the prototypes.  Figure 7 displays a 
poster sample, while Figure 8 captures a team during their pitch presentation.  
 

 
Figure 1: Sample Temperature Sensor PSPICE Schematic  

 

 
Figure 2: Sample Group Constructing Initial Prototype Circuit 
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Figure 3: Sample Cover Letter of Written Proposal 
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Figure 4: Sample Group Testing Prototype with a Heating Pad 

 

 
Figure 5: Sample Cost Breakdown 
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Figure 6: Temperature Sensor Prototype Samples 

 

 
Figure 7: Sample Poster for Pitch Competition  
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Figure 8: Sample Group Photo at Final Pitch 

4. Assessment 
 
There were 45 students from all sections who participated in this project. The 45 participating 
students formed 13 teams with a majority of the teams consisting of four students and spanning 
over at least two different majors.  The breakdown of students per major is shown in Table 1. 
 

Table 1: Participating Students Broken Down by Major 
Major # Students 

Electrical Engineering 7 
Computer Engineering 4 
Mechanical Engineering 29 
Civil Engineering 1 
Engineering Education 4 

 
The project was worth up to five bonus points added to the final grade, with the incentive of an 
extra bonus point for the overall winning team.  The breakdown of the grading included 10% for 
the design alternative document, 50% for the written proposal, 30% for the pitch, and 10% for 
the poster. The assessment of the written proposal was performed using the rubric shown in 
Figure 9.  The points allocated in each row are percentage points for the overall project.  The 
elements evaluated in the written proposal include the overall quality of the report, deliverables 
related to manufacturability, deliverables related to cost estimate and delivery, and design 
functionality. 
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Figure 9: Written Proposal Rubric 

 
The assessment result is shown in Table 2.  Note that most groups met the expectations in nearly 
all categories for the written proposal. 
 

Table 2: Assessment of the written proposals showing number of groups in each category 

Category Does Not Meet 
Expectations Developing Meets 

Expectations Proficient 

Overall quality of the 
report 0 0 9 4 

Deliverables related to 
manufacturability 0 2 9 2 

Deliverables related to 
cost estimate and 
delivery 

0 0 11 2 

Design functionality 0 2 10 1 
 
The pitch assessment concentrated on elements that include argument, rhetoric, and connection 
with audience, pricing, delivery, prototype, and testing plans, and device functionality and 
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optimality.  The rubric used in the pitch assessment is shown in Figure 10.  The result of the 
pitch assessment is shown in Table 3.  

 
Figure 10: Pitch Rubric 
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Table 3: Assessment of the pitches showing number of groups in each category 

Category Does Not Meet 
Expectations Developing Meets 

Expectations Proficient 

Argument, Rhetoric, 
and Connection with 
Audience 

0 1 10 2 

Pricing 0 2 7 4 
Delivery, Prototype, 
and Testing Plans 1 1 9 2 

Device Functionality 
and Optimality 1 2 9 1 

 
The assessment of the posters is carried out by evaluating the team on organization and content, 
audience anticipation, and aesthetics.  The rubric used to evaluate the posters is shown in Figure 
11.  The result of the poster assessment is shown in Table 4.  
 

 
Figure 11: Poster Rubric 
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Table 4: Assessment of the posters showing number of groups in each category 

Category Does Not Meet 
Expectations Developing Meets 

Expectations Proficient 

Organization & 
Content 0 0 8 5 

Audience Anticipation 0 3 7 3 

Aesthetics 2 2 5 4 
 
5. Related ABET Students Outcomes 
 
Upon the completion of this project, students certainly gained some knowledge related to circuit 
design and collaborated with each other working toward a common goal.  In addition, it can be 
claimed that the project activity supports the following students outcomes set by ABET: 

  
(a) an ability to apply knowledge of mathematics, science, and engineering;  
(b) an ability to design and conduct experiments, as well as to analyze and interpret data;  
(c) an ability to design a system, component, or process to meet desired needs within 
realistic constraints such as economic, environmental, social, political, ethical, health and 
safety, manufacturability, and sustainability;  
(d) an ability to function on multidisciplinary teams;  
(e) an ability to identify, formulate, and solve engineering problems;  
(g) an ability to communicate effectively;  
(i) a recognition of the need for, and an ability to engage in life-long learning;  
(k) an ability to use the techniques, skills, and modern engineering tools necessary for 
engineering practice.  
 

6. Students’ Attitude 
 

Students’ attitude toward this project was positive.   Students were capable of organizing their 
own work and managing their own time. Throughout the process, students collaborated and 
worked together to make sense of what was going on. It is evident from the work submitted by 
the students that they generated meaningful questions, managed complexity and time, 
transformed data, and developed logical rationale to support decisions.  Some students expressed 
their appreciation to the instructors for giving them the opportunity to work on such a project. 
 
7. Conclusions 
 
It is strongly believed by the authors that the business side of engineering is best conveyed 
through project-based learning techniques, which are inherently more applied and focused on 
real-world problems.  Further, incorporating the entrepreneurial mindset into a course naturally 
makes the course content more accessible from a practical standpoint and students better see how 
the technical content applies in the real world. 
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Project-based learning techniques are well-suited for a technical course like Electric Circuits. 
The project described in this paper is successful because it has a significant technical side in 
which the students gain a lot of knowledge and ability in some of the issues that go into circuit 
design and fabrication.  Through the multi-disciplinary interactions and collaborations, the 
written proposal, and the pitch process, there are also many soft skills that are improved as well. 
In particular, the project aims to improve written and verbal communication, management, 
persisting and learning from failure, and solving ambiguous problems.  
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