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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 education'?. The entreprencurial 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
1s common to focus on these skills more in the freshman engineering courses or in the senior
capstone sequence”. 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 content™’. 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 courses’.
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 foundation®”. Such skills are
believed to contribute to breakthrough innovation®.

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 QOutcomes

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 paper’. 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 mindset™”*®.

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 mindset®’.

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 mindset™"*.

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.
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Figure 1: Sample Temperature Sensor PSPICE Schematic

Figure 2: Sample Group Constructing Initial Prototype Circuit
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Superior Micro Devices
422 Roll’en Ave.

or. I
CEO
NTC, Inc.

December 3, 2013

Dear Dr. [

SMD is pleased to submit this proposal in response to the November 8" bid meeting fora single
batch of one hundred (100) temperature sensor circuit. It is our understanding with the success
of this first batch that the receiving company will be awarded a long term confract with you and
your company. It is our hope that you find our product a satisfactory solution for your needs.

Background Information:

On November 8%, 2013, NTC Inc. approached SMD seeking a viable, economic thermostat
system. On November 15 SMD submitted drawings and specifications for technical review to
NTC. Within a week of submitting the designs for review, SMD received feedback on necessary
changes that needed to be made per NTC’s technical code. The necessary changes were made
and the updated proposed design can be found later on below.

Scope of Work:

Per the bid documents, NTC has requested of SMD to provide a detailed proposal that includes
technical specifications, detailed design, costand a complete bill of materials. Also included
needs to be a design analysis of the competition and why SMD’s senoris better. These
documents are attached below.

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

Costs:
Bill of Materials (One Thermistor)
Item Quantity Cost Per Unit N:::‘ Total

AA Battery (2400) 4 S 0.45 | 10.00% $ 1.98

20k Resistor 1 $ 0.11 | 10.00% § 012

10k Resistor 1 S 0.27 | 10.00% s 030

68k Resistor 1 $ 0.23 | 10.00% $ 025

Op Amp 1 $ 0.18 | 10.00% | ¢ o9

Thermistor (RL1005-

5744-103-K) i 5 176 | 10.00% | o ;g4

PCB 1 S 11.00 | 10.00% S 1210

Packaging 1 S 0.35 | 10.00% s 039

Total Materials Cost Per Temperature Sensor Unit | S 17.27

Additional Charges
Item Quantity Unit Cost Total Cost
Manufacturing Equipment N/A $28.62 $28.62
c"’l’fn’" Utilities N/A $13.47 51347
Sub-Total Cost 542.09
Engineering Services 10 Man Hours $15.75/hr $157.50
":;;:2‘: Consultant 1 Man Hour 35.83/hr $35.83
Project Manager 2 Man Hours $25.55/hr §51.10
Over Head N/A 2% of Total Cost 50.84

Total Additional Charges $42.93
Grand Total Cost Per Unit $60.20

Figure 5: Sample Cost Breakdown
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Figure 6: Temperature Sensor Prototype Samples
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Figure 7: Sample Poster for Pitch Competition
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[.BK Temperature Sensor
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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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Wnitten Proposal Rubric

) Does Not Meet . . . Paints
Category Expectations Developine Aeets Expectations Proficient eceived
Thesis is unclear or m:::’h‘::’;::‘” 'h:“.:m Provides a thesis that is | Provides a strong, clear thesis.
absent. Writes paragraphs that arle dénlope d generally clear. Writes Wirites paragraphs that are
paragraphs t}utu."e inc omsistently, with fopic paragraphs that are ml—deﬂ.!oped, with strong,
Overall ity un.derdemloped, with snfences that are present, but generalh well-developed, focuudfo]:u ;mnces- t.hat are
T topic sentences that are ) L with topic sentences that are fully supported. Writes
ofthe report c . not fully supported. Writes . )
missing or unsuppor ted. sentences that are occasiomally present and supported. sentences that are consistently
Writes sentences that are lear. indirect or = | Writes sentences thatare clear, concise, direct and
unclear or ndirect (pts 0- ﬁcal\"incomct (pts 7- generally clear, concise, and | grammatically correct. (pts 14-
7 E - 11) . direct. (pts 11-14) 15)
et SHewt o, | g petion e e v | o1 St
Deliverables a:; & simuition, Sl s 2eé avaltablk in fe preporr circuit design & | The report contains all the
related to testing plan, layout of vopork-circull design & simuhiiorg testing plan, necessary deliver ables that
T simulation, testing plan, layout 3 . - .
mam factur- PCE & packaging . . |lavout of PCE & packaging |guarantee the correct operation
of PCBE & packaging schematic,
ability schematic, and voltage- and voltage-tem ture sche matic, and voltage- of the design (pts 12-13)
temperature teristics F 48 temperature characteristic
characteristics (pts 0-f) |  CEATActerstics (pts 4-8) (pts 8- 12)
s | s S g prtion s s | T e e
related to cost hctl:rgrecth" bill of Tol & cifiny wissing o mistakes in the estimation The roport esiimales fin cost
estimate and | material cmt analysis wlimaied ooy W of ocess: bill of material, cost = delvary Sl covvectly (pis
delivery  |amd deliwery time(pis 0| 2ierial, cost amiyss, and amalysi, and delivery time 1-12)
- - delivery time (pts 3-8) R -
3) (pts &11)
The prototype was implk mented The prototype was
. The prototype was on a PCE board butdid not [implemented and testedon a )
ﬁm?;‘sh . |neither implemented nor | have adequate time to test it breadboardwinga | p’““‘g: ;'“1;)5‘“’ tested
- tested (pts 0-3) before submitting the proposal | variable resistance instead
(pts 3-6) of the the rmistor ( pts 6-9)
Total Points Received (/40)

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

Does Not Meet . Meets .

Category Expectations Developing Expectations Proficient
Overall quality of the 0 0 9 4
report
Deliverables related to
manufacturability 0 2 ? 2
Deliverables related to
cost estimate and 0 0 11 2
delivery
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.

Pitch Rubric
) Does NotMeet . \ . . Points
Category Expectations Developing Meets Expectations Proficent Received
Presentation contains an Presentation contains a Presentation contains a
. identifiable central message, | significant central message, |compelling central message, with
P;u::t;:;: hd::ln but it argues from a false | with valid and true outcome | avalid and true outcome fully
A - € Pn:::nt'nn premise. Argument is not adequately supported by | supported by evidence and logic.
‘Ri tori ? d mge. - dible fully supported by credible | evidence and logic. Able to |Able to answer basicand (atleast
an dr 16 O:_l den:e 'o‘:';::l a evidence; the outcome is answer basic objections to | some) more advanced objections
c 6 id d; ot either invalid or valid but  |[their conclusions. Reasonably | to their conclusions. Efiectively
° with on Tl;oesl:ot “:el: ti:m:' untrue. Rarely summarizes | alert to audience’s needs and | summari es and clarifies content
Audie o 'I:'Iat £ or clarifies content to meet frequently re-states and and questions when necessary to
Audience cm:::: ?vo;?lool:' audience’s needs. Attempts clarifies appropriately. meet audience’s needs. Shows
at the ali&ieme (04 "5) to draw the audience into the Relates to the audience confidence & interest through
i P presentation through eye through eye contact. (7-9.5 eflective eye contact with the
contact. (4-7 pts) pts) audience. (9.5-10 pts)
Faik to set a reasonable
price point Sr the Sets a price point for the Sets 2 price p‘omt for the Sets a reasonable price point for
product or cannot product which includes some To-
L. product, but neglects . A the product which includes
justify at all the . . of the considerations of fixed . R
- - considerations of fixed and X considerations of fixed and
selection ofthe price. - - and variable costs, N
N . variable costs, competition, - o variable costs as well as
L. Price point is not atall . 2 . |competition, and profitability. . o
Pridng L and profitability. Price point . S competition and profitability.
realistic basedonthe | . L. Price pomt is somewhat . L s
R - s not realistic based on the S - Price point is realistic based on
bill of materials, PCB . A realistic based on the bill of A
. bill of materials, PCB . the bill ofmaterials, PCB
mamfac g, and manufacturing, and other ks, POCE mamfacturing, and other
other factors, or cannot Eachors. (3-6 pis mamfacturing, and other Eacio 7&18 &
justify the selection of rs. (3-6pts) factors. (6-7.5 pts) rs. (758 pts)
the price point. (0-3 pts)
Proposes an Proposes a somewhat .
unreasonable time reasonable time schedule for | ' OPO%eS 3 reasonable time
X _ | schedule for manufacturing and
schedule for manufacturing and delivery delivery of the devi
manufacturing and | Proposes a fime schedule for (of the devices. Constructs and Consrnlzt:and dis“l:t'ss.a
delivery of the devices | manufacturing and delivery | displays a prototype of the ki ftp;:.e. devi
or does not mentiona | ofthe devices. Comstructs a | device. Describes the device worl):fn!:u tl;ep;::-ke inan .
time schedule. Does not prototype ofthe device. to convey its proper iate level of detai to
Delivery, | comstruct nor display a |Provides some description of| fanctionality and indicates c::::l;su ro ° sonality
Prototype, | protoype of the device. |  the device. Mentions the | that it meets the need of the | " . u‘: m‘:‘; ﬁ““um'of e
and Testing | Lacks description of the | testing conducted onthe |customer. Communicates the cmtrt,:ner Communicates
Phns device. Fails to properly | prototype. The testing testing conducted on the e .
A A effectively the testing conducted
describe the testing plans are not very prototype to demonstrate
A on the protofype to demonstrate
conducted on the comprehensive, thorough or | some level of per formance the anteed level of
prototype. The testing may not have been fully specifications. The testing & . .
N per formance specifications
plans are generally executed. (3-4.5 pts) plans are somew hat descri N
- ) . escribed. The testing plans are
lacking and may not comprehensive, thorough, hemsive. th d
have been executed. (0- and have been executed. (45- | “OTPIF IR (:’zggh&;"
apts) 5.5pts) -8=0p
The device is missing L.
any convincing evidence | The device lacks evidence The d!:‘k“ ud:ie.mom:::ed fo The device is successfully
that it will operate as |thatit will operate as desired c‘;s:om:sr in terms of the demonstrated to work as desired
desired by the customer | by the customer in terms of | . X N by the customer in terms of the
in terms of the input- the input-output mput-oufpuf relationship. |, ut-output relationship. This is
Devie | 1e mpu hie mput-outp This is demonstrated through P2 0uP P-
. output relationship. relationship. The use of . demonstrated through a voltage
Function- i . avoltage vs. resistance plot.
o The use of components | components in the design A vs. temperature plot. The useof
ality and | . . R The use of components in the h N
Optimality in the design does not does not balance very well design balances power components in the design
N balance at all power |power considerations, layout, g. . B expertly balances power
. . N - . considerations, layout, A A B .
considerations, layvout, |batteries, and location of the batteries. and location of the comsider ations, lavout, batteries,
batteries, or location of |temperature sensing element. ¢ (’ ) ¢ and location of the temperature
the temperature sensing (3-45 pts) empera ur;‘ 5 £ ent. semsing element. (5.5-6 pts)
element. (0-3 pts) @.55.5p8)

Figure 10:

Total Points Received (/30)

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

Does Not Meet . Meets .

Category Expectations Developing Expectations Proficient
Argument, Rhetoric,
and Connection with 0 1 10 2
Audience
Pricing 0 2 7 4
Delivery, Prototype, 1 1 9 )
and Testing Plans
Device Functionality 1 ) 9 1
and Optimality

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

Poster Rubric
DoesNot Mesat . . . Points
Category Expectations Developing Meets Expectations Proficient Receved
Doesnot p well the Presan:';apm'pose‘fa' Presansacl?arpm'p-ose Prsansaconpellmgm?d
for the devi the device that may be for thedevice that is clear purpose for thedevice
il dm- skghtly opaque Has | identifiable Presents | that isclearly identifiable
Organization |, ﬁmc.e m:st arts of some distracting informationin a Presents infornmtionin a
& Content |™ thevi gl Is ﬁplll of granmatical errors. reasonably coherent coherent, interesting
ical errors. (0-1 Audience finds difficulty | sequence. Is mostly free of | ssjuence Isessentially free
& ts) in following some parts | granmmatical errors. (2-2.5 | of grammatical erors. (2.5
P of thevisual (12 pts) pts) 3pts)
A‘r pts ‘? pl:;h the Visual presentation seems |Plans the v sual presentation

e . presentation planned with the audience | with the audience in mind.

Visual presentation does (audience inmind, butnot| =, ) icipates C. dy anticipates
not seem planned with the| v ary effectively. Doesnot e Annup. , . :lnhup- ,
audience in mind. D icipate audienc audience expectations’ | audience expectations
e m (o8 m N nee questions in advance to questions in advance and
not anticipate audience |expectations’ questions in some and desi desiens the visual
Audience |expectations’ questions in | advancevery well T he . . -g = ) .
. . . . thevisual accordingly: The | accordingly. Thevisual
Anticipation | advance at all. Thevisual visual layout and . .
. . visual layout and layout and schematics lead
layout and schematicsdo | schematics have some . .
. . . schematicslead toan | naturally to a strong impact
not tie the aspects of the | Inpact onthe audience . . . .
. | inpact ontheaudience | on the audience that ties all
presentation together. ((- | but does not necessarily . .
15 pts tie the & of the that ties many aspects | aspects together effecty ely;
Spts) aspec together in a reasonable | ina focused manmer. (3.54
presentation together manrer. (335 pts) pts)
effectively: (1.5-3 pts)

Poster is not attractive Poster is not very Poster is eyecatching,
and stands out for all the | attractive Posteris not | Posteris fairly attractive. | attractive, and stands out
wrong reasons. Posteris | easily comprehensible | Posteris conprehensible |distinctively. Poster is easily

Aestheti not comprehensible and and uses sometimes and uses adequately comprehensible and uses
. uses poor quality or inappropriate inages, appropriate images, appropriate and well-
inappropriate images, charts, tables, charts, tables, illustrations, | designed images, charts,
charts, tables, illustrations, pictures, pictures, etc. (2-2.5 pts) tables, illustrations,
illustrations, etc. (0-1 pts) ete. (1-2 pts) pictures, ete, (2.5-3 pts)
Total Points Received (/10)
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Table 4: Assessment of the posters showing number of groups in each category

Category DE;;S:: tli\(/)[zgt Developing Explzlcizttsions Proficient
Criantion & : : ¢ s
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;

(1) 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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