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How can the senior engineering student project experience be enhanced so students gain a more complete understanding

and appreciation of the entire technology development process, develop more skills needed in their first jobs, and become

more capable of developing projects that meet their client’s expectations? Interview data frommanaging engineers about

the skill needs of newly hired engineers and interview data from students who completed their senior engineering project

reveal gaps – such as customer needs assessment, manufacturing engineering, and pilot testing – between the skill needs of

new hires and their senior engineering project experience. Workshops were implemented to address these gaps and a

second round of student interviews reveals the gaps were bridged.
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1. Introduction

Senior engineering student projects can play an

important role in enhancing the talent pipeline,

and engineering departments at numerous univer-

sities have implemented project-based learning [1].

The goal of project-based learning is to help stu-
dents enhance their preparedness for their careers.

Prior research on the outcomes of senior engineer-

ing student projects has shown strengths and short-

comings. Strengths include developing knowledge

and transferable skills [2, 3], learning across con-

texts [4], and solving industry problems [5–8].

Common critiques of student projects include a

lack of engagement with target customers and
stakeholders more generally, few projects actually

being deployed, and a lack of pilot testing [9–12].

This current research seeks to build upon the

recognized strengths and address some of the

important weaknesses by answering the research

question: how can senior engineering projects help

students develop more transferable skills and

become more capable of developing projects that
meet their client’s expectations?

This research presents interview data from mana-

ging engineers who hire newly degreed engineers

and interview data from senior engineering students

at Santa Clara University (SCU), which we use as a

case study. The interviews with managing engineers

and students reveal that graduating engineers could
benefit more from their projects and, in particular,

from amore complete understanding and apprecia-

tion of the entire technology development process.

These findings offer valuable insight and have

motivated our workshop approach for enhancing

the senior engineering project experience to

improve the teaching of engineering by presenting

more aspects of technology development. These
aspects include customer needs assessment, engi-

neering drawings, prototyping, cost of goods, and

pilot testing. Incorporating a more complete under-

standing of technology development better pre-

pares engineering graduates for employment and

professional success. Our approach is a work in

progress and there is ample room for the workshop

design to evolve and mature. We offer a look at an
emergent design intended to prepare future engi-
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neers to pursue meaningful opportunities by con-

tributing more complete, professional solutions as

part of their senior engineering student projects.

The paper is organized as follows. We begin with

how this research builds upon existing research on

project-based education in engineering. This is
followed by our interview data from managing

engineers about the skill needs of newly hired

engineers and interview data from students who

completed their senior engineering projects in May

2018. We focus on the gaps between the findings of

these two sets of interviews. Next, we present the

technology development process – from concept

through designing, prototyping, production, and
deployment – as a philosophy for gaining more

useful outcomes from the senior engineering project

process. We then introduce a workshop approach

we developed to help students build their technical

skills, enhance teamwork and project management

abilities, improve capabilities for working with

customers, and gain a more complete understand-

ing and appreciation of the entire technology devel-
opment process. Next, we share the results of a

second round of student interviews conducted in

May 2019 that act as a test of the effectiveness of the

workshops. We conclude with a summary of our

findings, analysis, and plans for future research.

2. Engineering Skill Needs and Senior
Engineering Projects

The needs of organizations that hire engineering

studentsmust be better understood in order to build
a stronger engineering talent pipeline [11]. There-

fore, industry engagement with curriculum devel-

opment, senior engineering student projects, and

input on the skill needs of entry-level engineers are

critical [11, 13]. Prior research [12–15] has focused

on the need for incorporating design thinking,

customer perspectives, and deployment into senior

engineering student projects. Project-based learn-
ing in the form of a capstone or senior engineering

student project has been offered as a solution for

better preparing engineering students for their

careers [1]. The development of transferable knowl-

edge and skills [2, 3], learning across contexts [4],

and solving industry problems [5–8] have been

offered as guidance on how to design the student
project experience. There have also been calls for

more engagement with target customers and stake-

holders, increased emphasis on design for manu-

facturability, and the use of pilot testing in order to

enhance the project design [9–12]. This current

research seeks to contribute to prior research by

offering an approach for students to develop more

transferable skills and become more capable of
completing projects that meet their client’s expecta-

tions. Specifically, we use the technology develop-

ment process as a framework and develop specific

workshops to instruct and engage students in skill

development.

We interviewed more than 100 engineering hiring

managers inquiring about the skills they look for in

new hires for entry-level engineering positions.
Hiring managers responded to questions about

the importance of the skills of entry level engineers

along a Likert scale of 1 (not important), 2 (slightly

important), 3 (somewhat important), 4 (very impor-

tant), and 5 (extremely important). The managers

(as well as all of the student teams) volunteered to

participate in the research and understood the

purpose of the research and its risks. Fig. 1 sum-
marizes the findings showing the average scores for

12 engineering skill areas. Consistent with many

recent studies on the skills needed of graduates, the

first three highest ranked skills can be described as

soft skills [16–18]. Problem-solving, communica-

tion and documentation, and teamwork are skills

in high demand from entry-level engineers. The

next two ranked engineering skills, pilot testing
and customer needs assessment, combine soft and

analytical skills as engineers develop prototypes

and locate and communicate with likely customers

in order to conduct pilot testing and understand
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Fig. 1. Engineering Skills Needs. Average Likert scores (1 = not important to 5 = very important) for twelve
engineering skill areas, informed from interviews with hiring engineering managers.



and prioritize customer needs. The next highest

ranked skills, CAD use, engineering drawings, bill

ofmaterials, and cost of goods are analytical (some-

times referred to as hard) skills. These top skills all

average 4.0 (very important) or higher and should

be the focus of engineering curriculum in order to
better prepare students for future employment.

Next, we interviewed SCU students who com-

pleted their senior engineering student projects in

May 2018. The SCU project experience spans the

entire academic year, while many students are still

completing a full course load. Students complete

planning, analysis, design, and evaluation of an

engineering project, which is an integrated, com-
plex, and realistic project that involvesmany aspects

of the engineering profession. The main objective of

the SCU senior engineering project is for students to

develop the skills needed to identify, solve, and

address real-world problems while converting a

need into an engineering solution. The students are

expected to apply knowledge from their previous

courses to accomplish project formulation, concep-
tual and detailed designs, technical evaluations and

assessment, and communications.

Senior engineering student projects involve stu-

dents completing a project where they take an idea

from concept to design to prototype. As described

above, the learning objectives include design engi-

neering, project management, and integration of

resources and previous course work. Data on the
successful deployment of senior engineering pro-

jects is extremely limited with only anecdotal evi-

dence of occasional projects reaching customers.

Very few projects advance beyond a prototype and

seldom entail customer needs assessment, engineer-

ing drawings, pilot testing, cost of goods, and

design for manufacturability. This is not to say

that the design and project management education
students gain from their senior project experience is

not valuable, but there is an unmet opportunity to

include additional requirements for the senior pro-

ject experience that would foster a more complete

experience, resulting in better career preparation

and increased likelihood of deploying the technol-

ogies/products. By program design, most projects

are capped at the development of a prototype. This
limits learning, as students do not consider advan-

cing from a prototype to production and deploy-

ment, a consideration that is insightful and relevant

for employment after graduation.

In order to assess the current context of senior

engineering projects, we questioned students about

their experience and perspective on senior engineer-

ing projects. We interviewed five Santa Clara Uni-
versity undergraduate biomedical and mechanical

engineering teams (more than 20 students) at the

end of their senior project experience in May 2018.

We chose these teams by using a due diligence

process for assessing the readiness for deployment

of each of the 47 undergraduate projects from the

Class of 2018 [19]. This process entailed assessing

technology (advancement potential), market (size

and potential competition), investment (ease of
fundraising), and team (skill availability). Each

project received a score from one (low) to five

(high) for the four due diligence elements and a

total score by adding the four element scores

together. We completed interviews with the five

teams with the highest scores. We chose this purpo-

seful sampling approach, based on the four criteria,

because we wanted to conduct in-depth interviews
with the teams that were likely to have the most

advanced projects. Purposeful sampling involves

identifying participants using preselected criteria

based on the research question. As stated above,

our research question is: how can senior engineering

projects help students develop more transferable

skills and become more capable of developing

projects that meet their client’s expectations?
The teams were asked about their assessment of

customer needs and how understanding these needs

affected project design and features, their use of

manufacturing engineering (including engineering

drawings, bill of materials, manufacturability, and

cost of goods), and their use of pilot studies with

customer groups and the effects of piloting on

further development of their project. These ques-
tions resulted in detailed explanations of how and

why, which confirmed our choice of purposeful

sampling and qualitative data collection and ana-

lysis. Next, we present illustrative insights and

quotes from our interviews with the student teams.

Regarding customer needs, interviewees reported

collecting very little first-hand needs data from

likely customer groups. Their approaches to
design were largely based on second-hand informa-

tion. One team conveyed they ‘‘. . . had a difficult

time getting access to the likely customers for [their]

product, as [the customers] are in developing coun-

tries. [They] have just been able to talk with [the]

project sponsor’’ and another team reported they

‘‘. . . talked with people who interacted with [the]

likely customers . . .’’ As a result of this paucity of
information, several teams confessed they

‘‘. . . designed what [they] thought would be the

best technical solution to the problem [they] were

presented at the beginning of [their] project.’’

Responses to project aspects related to manufac-

turing engineering were consistent in the lack of

attention. Student responses were summed up by

the following: ‘‘We have focused on design and
consider manufacturing out of the scope of our

project. We see manufacturing as another, separate

project.’’ These sentiments show the missed project

Enhancing Senior Engineering Student Projects 197



development opportunity of manufacturing engi-

neering, such as review of material choices, design

for manufacturability, functionality and quality

review, and optimizing cost of goods. Without

these considerations, completing projects that are

scalable, sustainable, and replicable is highly unli-
kely.

Pilot studies were rare among the student teams,

so feedback from potential customers was lacking.

One team offered the following regret saying: ‘‘We

never got to the point of pilot testing, though we are

really curious about how people would use and

respond to our technology.’’ Other teams stated

they felt pilot testing was beyond their project
scope. One team was an exception reporting that

they ‘‘. . . conducted pilot studies, which gave [them]

so much insight on how people would use [their]

product.’’ This sole team began to see the benefits of

pilots, such as product/service refinement and addi-

tional development of relationships with likely

customers.

These challenges and gaps in student understand-
ing are not unique to the senior project experience

at Santa Clara University. Engineering programs at

other universities share these same shortcomings,

which was confirmed during conversations with

department chairs at other San Francisco Bay

Area universities, including a research university

and a state university. Recognizing these missed

opportunities enables the ability to improve the
senior engineering project experience and better

prepare students for their careers upon entering

the workforce.

3. Technology Development Process

An understanding of the technology development
process offers insight on how senior engineering

student projects could be enhanced. Technologies

evolve from observing problems, perceiving needs,

and developing a concept into a product or service

[20, 21]. The progression from concept to deploy-

ment is often referred to as the technology devel-

opment process [21]. This evolution begins with a

concept that may be developed into a product
design and then a prototype to be manufactured

and deployed. Fig. 2 shows the technology devel-

opment process.

While the development of technology is pre-

sented as a seemingly linear process, it is anything

but seamless. Evolution from concept to deploy-

ment is often hindered by what can be described as

gaps in the process. Some technologies never

advance from the point of a concept to design for
many reasons, such as they are not technically

possible, are too expensive to develop, lack com-

mercial application, or are superseded by a compet-

ing technology. The conversion of a technology

from a concept to a design involves the translation

of knowledge into utility and can be hindered by a

translation gap [22].

If a technologymoves to the design phase, it faces
the challenge of proof of concept, or showing that

the technology can be advanced from a design

drawing to a tangible prototype of a product [15,

16]. This part of the technology development pro-

cess involves translation from possibility to actu-

ality, with a prototype representing possibility and

proving actuality. The gap between design and

prototype can be vast due to challenges with
materials as well as manufacturing processes and

can be referred to as a tangibility gap.

Moving from prototype to production and

deployment involves customer acceptance via

value creation and may often involve complemen-

tarity with other products and processes. Accep-

tance of a product or process at this point is

influenced by technical, market, and social determi-
nants [15, 16]. The product must meet the technical,

economic, and social needs of a particular set of

users. A daunting value gap may occur between

prototyping and production and deployment.

Based on our interviews with engineering hiring

managers and student project teams and insights

gleaned from the technology development process,

we offer three propositions. First, communication
and engagement with prospective customers are

essential for product design. Imperative to under-

standing customer needs, this entails knowing who

likely customer groups will be for the product or

service, how to determine what needs information

should be gathered from customers in order to

uncover the value of the product to the customer,

and how needs data should be gathered. It also
includes how to translate needs data into product

requirements and engineering specifications, how

to prioritize product requirements and engineering

specifications, and how to determine product/

service design changes. For example, the customer

may likely be broader than just the end user. In

the case of a smart pill bottle meant to improve

patient adherence to a prescribed drug regimen,
there are multiple customers, including the

patient, their family, the payer, and the specialty

pharmacist. Therefore, multiple customer groups
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Fig. 2. Technology Development Process. Schematic describing
the technology development process from concept to design to
prototype to production and deployment.



need to be engaged in the process of product

design.

Second, manufacturing engineering needs to be

integrated throughout the entire technology develop-

ment process. Manufacturing sets the opportunities

and limitations for the production of a product.
Therefore, knowing what you can make is essential

as a project advances from concept to design to

prototype to production and deployment. Manu-

facturability – including materials, processes, func-

tionality, quality, safety, and cost – needs to be fully

integrated throughout the technology development

experience.

Third, pilot testing needs to be integrated into the
technology development process. Piloting involves

seeing how well a product or service works, devel-

oping relationships with likely customers, consider-

ing additional features that should be added to the

original product to optimize the solution for the

customer, and assessment of cost and value. There-

fore, pilot testing not only helps with assessing the

performance and outcomes of design decisions, it
also can help build a customer group by engaging

potential customers in the technology development

process.

4. Results

As part of this research, we developed a workshop
approach for helping students enhance skills

needed in their first jobs, offering students a broader

understanding and appreciation of the entire tech-

nology development process, and helping students

develop projects that better meet their clients’

expectations. Fig. 3 shows elements of the process

and the gaps described above and illustrates how

our workshops help bridge these gaps. The follow-
ing are descriptions of the three workshops, which

are also the results of this research.

4.1 Workshop #1: Customer Needs Translated into

Product Requirements

New product design must include the translation of

customers’ needs into technical requirements and

design parameters. This workshop (and a follow-up

session to review and critique workshop-related

homework assignments that include the items

below) teaches the following steps to help translate

customer needs into product features:

� Identify all of the likely customers, e.g., direct
users, those affecting the buying decisions,

payers, etc.

� Determine what needs information should be

gathered from customers.

� Gather customer needs data (via user observa-

tion, surveys, interviews, focus groups, anthro-

pological analysis, brainstorming, etc.).

� Analyze needs data and cluster needs into the
following two groups:

(i) needs whose satisfaction is taken for

granted: the essential condition for the pro-

duct to meet the target market;

(ii) needs that increase customers’ satisfaction

and product attractiveness: their fulfillment

differentiates the product from competitors.

� Translate needs data into technical requirements,
which are technical aspects that the product

needs to fulfill in terms of performance, reliabil-

ity, and safety.

� Translate technical requirements into design

parameters, which are physical and functional

characteristics of the product.

The objective of workshop #1 is to help bridge

the translation gap by assisting students to better

understand customer needs (Table 1 summarizes
the issues to be addressed by the workshops and

modules for addressing each issue). This will aid

with the conversion of a technology from a concept

to a design by helping translate knowledge into

utility. After participating in a workshop setting

where teams identify their customer groups, iden-

tify needs information desired, draft data-gathering

questions, and practice interviewing, the students
complete homework on these tasks. They meet two

weeks later to review their assignments and address

their challenges and questions.We acknowledge the
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continuing challenges teams face trying to commu-

nicate and engage with prospective customers in

order to understand their needs. A couple of these

challenges are distance, as customers can be located

across the world, and new technology, which can

lack an obvious audience.

4.2 Workshop #2: Manufacturing Engineering

Teams developing a new product often face a

formidable gap between design and their prototype.

Above we refer to this as the tangibility gap, and

this gap can be bridged by manufacturing engineer-

ing. Manufacturing engineering is the development

of the tools, processes, machines, and materials to

make products. Understandingmanufacturing pos-

sibilities and limitations is essential at the beginning
of and throughout the technology development

process.

Workshop #2 (and a follow-up session to review

and critique workshop related homework assign-

ments that include the items below) teaches the

following steps for helping move a new product

from design to prototype:

� Review of Product Engineering Drawings and

Bill of Materials. This is the blueprint for making

a product and must be thorough, accurate, and

easy to follow. This also involves assessing
options for material choice, e.g., better, cheaper,

locally available, etc., and using off-the-shelf

components instead of custom parts whenever

possible.

� Manufacturability Review. This is the extent to

which a product can be easily manufactured. If

the product has a non-standard design or

requires complex assembly and/or specialized
machinery or training, then it has lower manu-

facturability.

� Product Functionality and Quality Review Plan.

This plan addresses all specific product require-

ments and helps ensure the product is functional,

reliable, and safe. This involves meeting electrical

and mechanical engineering requirements for

parts and components and establishing any on-

going testing the product should undergo to

ensure continued quality and performance.

� Manufacturing Cost Review. To have a finan-

cially sustainable production process and run a

profitable operation, the product production
cost must align with the manufacturer’s sug-

gested retail price for the end product. If the

product cannot meet this goal for production

costs once it gets to market, then it is not ready

for production.

The objective of workshop #2 is to help bridge

the tangibility gap by assisting students to under-

stand the development of the tools, processes,

machines, and materials to make their product

(Table 1). This will help teams with the translation

from possibility to actuality, with a prototype
representing possibility and proving actuality. In a

workshop setting, students review drawings and

bills of materials, their products for manufactur-

ability, and cost of goods. They also plan for

product functionality and quality and complete

homework on these tasks and meet two weeks

later to review their assignments and address their

challenges and questions.

4.3 Workshop #3: Pilot Studies for Enhancing

Product Design

Pilot studies are an essential step for testing and

enhancing product design and prototypes and are

essential before product production and deploy-
ment. Workshop #3 (and a follow-up session to

review and critique workshop-related homework

assignments that include the items below) instructs

teams on the following:

� Test the product or service, often referred to as

proof of concept, to see how well it works.

� Develop relationships with likely customers.
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Table 1. Workshop Contributions. Issues addressed by each workshop and workshop modules for addressing issues.

Issues to be Addressed Workshop Workshop Modules for Addressing Issues

Bridge Translation
Gap

#1 Customer Needs Identify customers

Gather customer needs data

Analyze customer needs data

Translate needs data into technical requirements and design parameters

Bridge Tangibility Gap #2 Manufacturing
Engineering

Review drawings and bill of materials

Assess manufacturability

Review functionality and quality

Assess cost of goods

Bridge Value Gap #3 Pilot Testing Test product or service

Develop relationships with customers

Consider additional features

Cost and value assessment



� Consider additional features that should be added

to or subtracted from the original product or

service to optimize the solution for the customer.

� Conduct a cost and value assessment of a parti-

cular product or service over the short and long

term.

The objective of workshop #3 is to help bridge

the value gap by assisting students to understand

customer acceptance via value creation (Table 1).

Moving from prototype to production and deploy-

ment involves engaging with customers to under-

stand additional features that should be added to

the original product or service; thereby, optimizing
the solution for customer acceptance. This work-

shop helps students refine their prototypes through

pilot testing with customers. After participating in a

workshop setting where students learn how to test

their products, engage with customers, consider

additional features, and conduct a cost and value

assessment, the students complete homework on

these tasks and meet two weeks later to review their
assignments and address their challenges and ques-

tions.

4.4 Workshop Outcomes

In May 2019, we conducted a second set of inter-

views with seven senior engineering project teams

(more than 20 students) that participated in the

three workshops. The teams invited to participate

in the workshops were chosen by two faculty

members based on the projects’ leadership in readi-

ness for deployment. Fig. 4 compares the results of
the interviews in 2018 and 2019 showing the likely

effects of implementing the skills workshops on the

technology development activities. In all cases, the

students interviewed in 2019 showed greater use of

the workshop skills compared to the students inter-

viewed in 2018. We calculated chi square values in

order to determine if there were significant differ-

ences between the 2018 and 2019 values. Activities
related to the Needs Assessment and Manufactur-

ing Engineering workshops occurred at a statisti-

cally significant higher level for the 2019 teams

compared to the 2018 teams. While the difference

in the level of adoption of pilot studies (content of

the third and final workshop) is not statistically

significantly higher in 2019 compared to 2018, this

may be due to the scheduling of this workshop and
follow-up meetings too late in the academic year,

leaving student teams with little time to incorporate

piloting into their projects. The adoption level of

the elements of the Piloting workshop can likely be

improved by scheduling this workshop earlier in the

academic year.

4.5 Research Findings

Enhancing the preparation of students for engineer-

ing careers begins with understanding the needs of
the organizations that will hire them. Engineering

hiring managers identified the top skill needs, and

we sought to incorporate these into the senior

engineering student project experience via supple-

mentary workshops. The following skills were suc-

cessfully incorporated into the student projects: (1)

communication and engagement with prospective

customers in order to understand their needs and
how to translate them into product/service features;

(2) manufacturing engineering processes integrated

throughout the entire technology development pro-

cess for better and more realistic choices for materi-

als, manufacturability, quality, performance, and

affordability; and (3) pilot testing involving deter-

mining how well a product or service works, devel-

oping relationships with likely customers,
considering additional or fewer features that

should be added to the original product to optimize

the solution for the customer, and assessment of

cost and value.

Appendix A offers a student project example that

explains how the workshops helped the team under-

stand the importance of the entire technology devel-

opment process, develop a product that more closely
met their client’s expectations, and prepare the

students for employment and professional success.
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5. Conclusions

The premise of this paper is that incorporating a

more complete understanding of technology devel-

opment better prepares engineering graduates for

employment and professional success. Our objec-

tives are to enhance the senior engineering project

experience, so students develop more skills needed
in their first jobs, gain a more complete under-

standing and appreciation of the entire technology

development process, and become more capable of

developing projects that meet their clients’ expecta-

tions.

We recognize that not all the engineering projects

are the same, so our findings vary in their relevance

from project to project. Computer engineering pro-
jects may entail developing an app, for example,

which may be created in four months, tested remo-

tely for the next three months, and deployed for a

customer before the end of the nine-month school

year. Civil, mechanical, and biomedical engineering

projects developed for a client across the world

potentially face more time, communications, and

resource challenges as teams struggle to engage

directly with clients and pilot testing can prove

nearly impossible. For these reasons, our findings

are not applicable for all projects, but instead should

be introducedwith the nature of the projects inmind.

Technologies usually evolve from observing pro-
blems, perceiving needs, and developing concepts to

deploying products or services in a progression,

which is often referred to as the technology devel-

opment process. We endorse this process as the

organizing principle for enhancing the senior engi-

neering student project experience by adding

instruction and experience in customer needs

assessment, manufacturing engineering, and pilot
testing. As shown in Fig. 3, these three areas of

education can bridge the current gaps between the

instructional gains of the senior engineering student

project experience and enhanced skills needed by

entry-level engineers.
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5. M. J. Terrón-López, M. J. Garcı́a-Garcı́a, P. J. Velasco-Quintana, J. Ocampo, M. R. Vigil Montaño and M. C. Gaya-López,
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Appendix A – Senior Engineering Student Project Example

The goal of the project was to create a significant and positive impact in the cervical cancer diagnostic space by

developing a cost effective and minimally invasive solution to enable women to accurately test for cervical

cancer in low-resource settings. The ability to diagnose cervical cancer is less of an issue in the developed

world, as preventative care and regular cervical cancer screenings, such as pap smears, are available to aid in

early detection. Those in low-resource settings rarely have access to such tests for a variety of reasons,
including high cost and lack of laboratory infrastructure. This team project leveraged new research to create a

low cost, visual cervical cancer screening tool for early stage cervical cancer to serve as an alternative to the

existing costly and invasive methods. Data for this diagnostic will be collected by their partner NGO in their

target location and outcomes will be measured by assessing its use in several clinics.

The team attended all three workshops, completed all the homework assignments, and met with the

instructor to discuss each of themodules. The team gave insightful feedback on the benefits of the workshops.

For example, for the customer needs workshop, the teammade two important revelations. First, because their

project setting was Kenya and they were not able to travel there, they relied on their project sponsor to
communicate customer needs. This was less than ideal compared to talking directly to likely users of their test.

Second, based on the workshop, they learned to expand their definition of customer. In addition to the actual

users of their test, other customers include people administering the test, labs responsible for processing the

test, the families of the women being tested, and the entities likely to fund the deployment of the test.

Understanding the needs of other customer groups affected the design of the team’s test such as its ease of use

and processing and its cost.

For the manufacturing engineering workshop, the team offered great insight. Prior to this workshop they

had not fully considered the design of the product, how it would be manufactured, what the per unit cost
would be, and how this cost could be reduced. The team revealed that they had thought design for

manufacturing decisions and production planning were beyond their project scope. As a result of this

workshop, the team enthusiastically addressed product design, manufacturability, and cost of goods and

production. They embraced the idea that if you cannot make something that is functional and can be

produced at a cost that the payer can afford (even if it is a foundation or government), then deployment is not

likely. They learned that manufacturing engineering is an important consideration, especially during the early

product design phase.

For the pilot studies workshop, the team had not envisioned the benefits of getting user feedback on
product design and usability, so this experience helped the team see how product design is continuous. The

team designed and implemented a small pilot study of their test, which helped teach them the approach, but

also gave them insight on how to improve their test design.

The workshops helped the team better understand the technology development process, which in turn

helped them to develop a product that more closely met their client’s expectations. Additionally, these

workshops helped to simulate the questions and concerns that arise in an industry environment, allowing the

team to begin developing skills needed in their first engineering jobs.
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