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We have developed an experiential learning global health design program that emphasizes direct interactions with

stakeholders and first-hand exposure to the contexts in which solutions will be implemented. Students in the program gain

practical hands-on experience identifying and defining unmet global health needs in low-resource settings and apply

human-centered and co-creative design approaches. Device designs that incorporate rigorously collected and analyzed

first-hand data from diverse users and stakeholders rather than anecdotal or poorly represented information are more

effective at meeting true needs. To date, more than 100 undergraduate student participants have identified hundreds of

needs in collaboration with sub-Saharan and Asian healthcare providers. Approximately 400 students from the U.S.,

Ghana, Ethiopia, andUganda have contributed to the generation of technology concept solutions to address these needs.

Program outcomes include approximately 100 student design projects completed at multiple institutions, student-led

design-based conference publications and journal articles, device commercialization, and peer-to-peer mentoring within

traditional capstone design courses. In this paper we describe the curricular elements of the clinical immersion and design

ethnography experience. Additionally, we describe programmatic best practices that have emerged over the past 10 years

and challenges students encounter when performing this front-end design work.
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1. Introduction

Significant reports have called for transformations

in engineering education that support additional

types of learning beyond traditional disciplinary

knowledge to prepare today’s students for the
rapidly changing world of technology development

and the global economy [1, 2]. While there is no

question that students must be trained to be deep

domain experts, it is no longer sufficient to only have

deep disciplinary training. Specifically, students

must be globallyminded, socially responsible, adap-

tive learners, and capable of working across multi-

ple disciplinary and cultural contexts [3].
In recognizing these needs, there has been a

nationwide push for engineering reform, through

the integration of experiential, authentic learning

experiences [4]. In concert with the Accreditation

Board for Engineering and Technology (ABET)

accreditation requirements, most engineering pro-

grams have integrated design, primarily through

senior capstone experiences, into their programs
[5]. These design courses have largely become

responsible for preparing students for engineering

practice and they carry the responsibility for teach-

ing engineering 2020 skills [5, 6]. However, a recent

study of how engineering undergraduate programs

provide educational experiences to prepare the

engineer of 2020 indicates ‘‘when it comes to teach-
ing design, practice lags pronouncement [6].’’ The

2014 Lattuca et al. nationwide study of engineering

faculty, administrators, students and alumni found

that while administrators reported that their ‘‘pro-

grams strongly emphasize design skills,’’ course-

level faculty responses indicated that the topics

were not as common as claimed. This discourse

highlights the continued need for more effective,
curricular frameworks for developing 21st century

skills in engineering students.

Successful product design not only requires tradi-

tional design skills but also incorporation of the

design context, including stakeholders’ behaviors

and values [7, Ch. 32]. It can be difficult for

stakeholders to articulate their needs and wants,

particularly in terms of product attribute require-
ments and performance specifications, especially
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when working across cultures (professional, geo-

graphic, technical) [8–9]. For example, the design

and development of health-related technologies for

resource-limited settings requires a detailed consid-

eration of the end user and target community that

goes beyond traditional front-end engineering
design processes. In abroader sense, social, cultural,

and economic constraints must be considered for

successful implementation of such technologies.

The purpose of this paper is to describe the

evolution and implementation of a global health

design program that provides students with prac-

tical hands-on experience identifying and defining

engineering design problems through in-depth
interactions with stakeholders from diverse cultural

and disciplinary backgrounds at clinical field sites.

Student participants apply human-centered and co-

creative design approaches at clinical field sites

(typically resource-constrained) to execute front-

end design work and typically continue developing

and assessing concept solutions within traditional

capstone design courses. Student outcomes from
this work demonstrate the value of experiential

learning in preparing students to be engineers of

2020.

2. Background

As engineering education and practice increasingly
recognize the benefits of early and accurate problem

definition with respect to decreasing development

costs and increasing the likelihood of adoption,

there has been a shift to remove the proverbial

‘‘wall’’ that has historically separated engineering

designers from direct interaction with stakeholders

and contexts within which the solution will be

implemented [10–15]. Furthermore, engineering
designers are faced with many decisions during the

front-end phases of design. A majority of these

decisions are related to defining design problems

and the associated requirements and specifications

[10–13, 16]. Engineering designers need to partici-

pate not only in the planning phases associated with

establishing the market need, but also during the

physical collection of information that will inform
the development of the design constraints and

subsequent design decisions. In many traditional

engineering design processes, engineering designers

have been ‘‘walled off’’ from performing these

functions directly, predominantly receiving infor-

mation via one-way communication from market-

ing experts. This act of ‘‘throwing information over

the wall’’ has precluded engineering designers from
gaining an understanding of the broader context of

design and has negatively affected design decisions

by inadvertently promoting the use of anecdotal

and poorly represented information, instead of

rigorously-collected and analyzed first-hand data

from diverse users and stakeholders [17]. These

challenges are further compounded by the complex-

ity of design problems facing society and the global

nature of design teams; specifically, the emphasis on

addressing technological challenges encountered in
emergingmarket contexts (i.e., contexts that are not

familiar to the engineering designers and that

cannot be understood by design work performed

exclusively within the research and development

laboratory setting) and the trend toward multi-

cultural andmultidisciplinary design teammembers

within multinational companies [18–20].

Design ethnography has evolved from ethno-
graphic research methods developed by anthropol-

ogists to address the gap between designers and

stakeholders. Applied during design processes,

design ethnography allows one to gain a deep

understanding of the stakeholders who will ulti-

mately interact with a product and the environment

where it will be used [21–23]. Design ethnography

can be defined as ‘‘a portfolio of methods that have
been developed to understand the perspectives of

people byobserving andparticipating in activities of

everyday life [17]’’. Design ethnography is increas-

ingly being used within industrial and academic

settings to capture broad societal, cultural, and

personal behavioral patterns that are ‘‘important

and relevant for the conception, design, and devel-

opment of new products and services [17].’’ Several
studies have attempted to identify the key charac-

teristics or features of design ethnography [24]. For

example, Arnould and Wallendorf describe the

following characteristics of ethnography: (1) ethno-

graphy involves systematic data collection of custo-

mers in their natural setting, (2) ethnography

involves extensive time spent by the researcher in

the context of interest (this is key to bringing to light
the moments of ordinary life that can have signifi-

cant effect on product design), (3) ethnography

produces interpretations of events that those being

studied would validate, and (4) ethnography

involves synthesis of multiple data sources [24].

Extensive stakeholder engagement is critical to

performing human-centered design [25, 26];

common engagement methods include interviews,
focus groups, surveys, observations, participatory

design workshops, and co-creative partnerships

[27]. Regardless of the methodology chosen, the

objective is to acquire a thorough understanding

of end-users and stakeholders to support informed

design decisions. Interactions with end-users and

other stakeholders have been shown to increase

understanding of user needs, allow for the discovery
of unanticipated needs and requirements, improve

the final design and device interface, enhance

aspects such as usability, quality, and functionality,
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limit self-reporting biases, and reduce development

cost and time [17, 28, 29].

The primary type of stakeholder engagement

performed by students during design courses is

design interviews. Interviewing stakeholders is a

practice that spans the vast majority of human-
centered design approaches including participatory

design, ethnographic fieldwork, contextual design,

lead user approach, among others [30]. Few support

structures are available to novice designers when

interviewing or preparing to interview stakeholders

[31, 32]. This leads to significant challenges when

interviewing stakeholders including: ensuring that

critical important topics are covered during an
interview, asking appropriate questions, uncover-

ing how people think or feel about certain topics,

and obtaining information about broader social,

political, or cultural factors that may affect the

design [33–36]. Effective interviews with stake-

holders tend to be semi-structured, thus requiring

the interviewer to be flexible and opportunistic in

order to elicit the ‘‘real’’ wants and needs [37–40].
Additionally, one must not only consider the chal-

lenge of conducting a stakeholder interview, but the

challenge of gathering information from multiple

stakeholders, synthesizing these data, and analyzing

data in order to make informed design decisions.

Design decision making requires an iterative

information gathering process [41]. While some

information processing work can be defined as
‘‘information transfer,’’ where information is trea-

ted as an object and directly applied to the problem

without further analysis or synthesis, ‘‘information

use’’ requires that designers incorporate the infor-

mation gathered into their existing knowledge and

apply it to various design decisions, which is a more

cognitively demanding task [42]. Studies have been

conducted to understand how individuals identify
information needs, seek out information, and apply

information to problems [43]. Novices tend not to

assess the quality and/or validity of the information

obtained prior to applying it to their problem [44–

47]. Similar results have been found for engineering

students’ indiscriminate use of Internet sources [48].

Industry studies have shown that companies tend to

rely on external information, use all information
sources available, and devote significant time to

gathering information during the problem solving

process [49].

Developing a deep understanding of end-users

and stakeholders requires designers to perform

extensive information processing. Designers need

both technical and non-technical skillsets to accom-

plish successful information processing [50–54].
Studies have demonstrated the differences between

novices and experts in how they approach informa-

tion gathering and the effect on design quality [55–

58]. For example, a study of novices and experts

performing a design task showed that novices spent

less time gathering information and less time defin-

ing the scope of the design problem compared with

experts [57]. Another study found that novice

designers who spent more time defining their
design problems produced higher quality designs

[59]. In a prior study, most novice designers under-

stood the value andbenefit of information gathering

and synthesis; however, they typically gathered less

information and performed less synthesis than

originally planned during design projects [60].

Moreover, although most novices acknowledged

the benefits of incorporating stakeholders’ input
into front-end design processes, they encountered

obstacles andoften interactedwith stakeholders in a

superficial manner [54, 61].

Available, accessible, and effective medical

devices are critical for achieving the highest quality

of care within health systems [62]. The availability

and accessibility of medical devices in low-income

countries (LICs) are typically affected by unreliable
energy supply and water resources, limited infra-

structure and distribution channels, inadequate or

untrained workforces, lack of spare parts, required

consumables, and high costs [63]. Roughly 80% of

medical devices in LICs are acquired through dona-

tion [64]. Sales of older models of devices originally

designed for use in high-income countries (HICs)

and local production of medical devices that resem-
ble technology designed for use in HICs are also

common [64, 65, pp. 1841–1850]. However, medical

devices designed for use inHICs are not particularly

effective in LICs; it has been shown that approxi-

mately 40% of medical devices designed for use in

HICs are dysfunctional in LICs versus less than 1%

in HICs [65, pp. 1841–1850, 66, pp. 507–535, 67].

Furthermore, the lack of available and accessible
medical devices can sometimes create scenarios in

which improvised and poorly assessed solutions are

used or healthcare providers are required to rely too

heavily onmanual skills. There is a considerable gap

between the benchtop-based design and develop-

ment of safe and effective global health technologies

and successful implementation, including attaining

scale of technologies within a target setting [65, 66].
Minimally, scaling is not achieved unless the tech-

nology addresses the unmet need. In many cases,

needs are assumed andmore frequently, not defined

in a rigorous manner. Broader contextual factors

associated with implementation are also essential to

capture during the early stages of the design process

rather than after the validation and production

stages [68]. The most successful design approaches
engage stakeholders to understand needs and con-

sider cultural contexts as well as local and regional

constraints [63, pp. 719–7225, 65, pp. 1841–1850].
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3. Program description

In 2007, the University of Michigan (UM) recog-

nized that teaching the design process in the context

of global health is an effective model for cultivating

21st century skills (e.g., design ethnography, stake-

holder engagement, and information gathering,

synthesis, and application) in today’s engineering
students.Global health is particularly attractive as a

design context because it requires students to

develop clinical literacy (e.g., obstetrics and gyne-

cology) and cultural competency, and familiarize

themselves with differences among health systems

within a given setting as well as health challenges

unique to specific communities. Students working

within the global health design space also need to
develop communication skills to effectively colla-

borate across disciplines. The World Health Orga-

nization states ‘‘in the 21st century, health is a

shared responsibility, involving equitable access to

essential care and collective defense against transna-

tional threats [69].’’ Therefore, it is essential that

students performing global health design work

develop skills to interact and find common ground
with those from various backgrounds.

Global health design programs are not unique to

theUM.The oldest andmost establishedprogram is

Rice 360 Institute for Global Health [70]. Through

undergraduate and graduate curricular and intern-

ship programs, Rice 360 focuses on the design,

development, and implementation of low-cost,

appropriate medical devices based on needs identi-
fied by healthcare partners in low-resource settings.

In addition to Rice 360, there are several other U.S.

universities with global health themed engineering

design activities [71, 72]. The breadth of activities

within this space across domestic campuses demon-

strates students’ interests in applying their engineer-

ing skills to affect society. Students who participate

in these programs report life changing experiences
and lifelong learning outcomes, including a shift in

career aspirations to focus on health related issues

[73]. However, developing and executing such pro-

grams in an academic environment can be challen-

ging. In this paper we describe our programs,

challenges, and best practices.

3.1 Motivations and history

The Global Health Design Initiative (GHDI) [74]

was inspired by faculty leader Professor Kathleen

Sienko’s graduate training with the MIT-Harvard

Division of Health Sciences and Technology.

During the final year of her doctoral program,
Sienko and a student colleague created a clinical

immersion experience in India at the All India

Institute of Medical Sciences and Rockland Hospi-

tal to seek first-hand knowledge about healthcare

provision in an emerging market and health tech-

nology use within a resource-constrained clinical

setting [75]. The lessons learned from Sienko’s

India-based clinical rotation informed the creation

of a global health design experience for under-

graduates, first piloted through the UM Global
Intercultural Experience for Undergraduates

(GIEU) program (https://lsa.umich.edu/cgis/gieu.

html).

In alignment with the UM President’s (Coleman)

mission to extend existing collaborations with Gha-

naian universities and forge new relationships in

Ghana [76], Sienko developed a field site in the

Department of Obstetrics and Gynecology at the
Komfo Anokye Teaching Hospital (KATH) in

Kumasi, Ghana in collaboration with Prof./Dr.

Kwabena Danso (Department Head) and with the

assistance of Prof./Dr. Timothy Johnson and Prof./

Dr. Frank Anderson from the UM Department of

Obstetrics and Gynecology [77]. She led two groups

of 11–13 diverse interdisciplinary undergraduate

students to Ghana in May 2008 and July 2009 for
4–5 week immersive clinical experiences in obste-

trics and gynecology. Students stayed with local

families and spent their work weeks attending

departmental clinical morning meetings, observing

and interviewing clinicians and nurses in seven units

including labor and delivery, elective and emer-

gency surgery, antenatal care, mother/baby care,

family planning clinic, outpatient department, and
gynecological complications, and traveling in pairs

to a rural district hospital to observe practices in

secondary and primary healthcare setting. The

teams identified several needs that were both of

importance to collaborators at KATH and

deemed suitable for pursuit in a senior design

course.

In 2010, following two years of developing part-
nerships in Ghana through the GIEU program,

Sienko led a UMCollege of Engineering supported

clinical immersion experience for a group of 13

students comprising 10 engineering students and

three non-engineering students (the first ‘‘Design

for Global Health’’ cohort). Unlike the GIEU

participants, these students committed to one or

more subsequent semesters of capstone design work
to address needs identified through their project

scoping activities in Ghana. Since 2010, the clinical

immersion experience and the supporting prepara-

tory and follow-on design course offerings have

evolved considerably to improve student perfor-

mance at the field sites and support concept solution

development following the completion of the field

site experience.

3.2 Model/approach

Our experiential-learning global health design offer-
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ings emphasize theuse of design ethnography, direct

interactions with stakeholders, and first-hand expo-

sure to the contexts in which solutions will be

implemented. Students in the program gain practi-

cal hands-on experience identifying and defining

unmet health needs in resource-constrained settings
and apply human- and user-centered and co-crea-

tive design approaches to address these needs. The

core elements common across all of our program-

matic and curricular offerings are pre-immersion

training, clinical immersion, and front-end design

work (Fig. 1). Prior to clinical immersion, students

study front-end design processes and learn about a

specific clinical discipline. Students then gain prac-
tical hands-on experience identifying and defining

engineering design problems through in-depth

interactions with stakeholders from diverse cultural

and disciplinary backgrounds at clinical field sites.

During both the clinical immersion experience and

capstone engineering design course work, students

practice applying human-centered and co-creative

design approaches to address essential healthcare
challenges.

3.3 Pre-immersion training

In preparation for the clinical immersion and design

ethnography experience, students complete front-

end design coursework (in a formal classroom

setting or via an asynchronous online learning plat-
form) focused on design ethnography techniques as

well as thematic clinical readings andwritten assign-

ments (e.g., obstetrics and gynecology) to develop

clinical literacy. Additionally, students study com-

munication (e.g., formulation and delivery of mis-

sion statements, management of expectations,

communication of technical content to culturally

and professionally diverse stakeholder groups),

global health (e.g., international aid/global health

trends, strategies, and perspectives, global health

technologies), culture (e.g., country/community

specific language and customs, clinical etiquette),

socially-engaged design (e.g., entering, engaging

with, and exiting communities, self/social identi-
ties), and resiliency topics through readings, discus-

sions, and hands-on skills training sessions with

members of the extended instructional team.

3.4 Pre-immersion training evolution

Initially, the pre-immersion training was offered

through a credit-bearing independent study
course. This voluntarily-taught (i.e., did not count

toward departmental teaching obligations) ‘‘one-

room schoolhouse’’ style course was challenging, as

it required a single faculty member to cover topics

spanning several disciplines as well as life skills.

Course topics included problem identification [78,

Ch. 1.2] and need statement development and

prioritization [78, Ch. 1.3]; product requirements
and engineering specifications; cultural awareness;

maternal health; obstetrics and gynecology [79];

patient interaction (e.g., Health Insurance Portabil-

ity and Accountability Act (HIPAA)), history and

physical exam skills; and health, safety and security.

Students were also required (and continue to be

required) to perform clinical observations at UM to

ensure that they have some experience within a
clinical setting prior to the formal clinical immer-

sion experience. In 2011, several multi-disciplinary

faculty (mechanical, biomedical, entrepreneurship

and design science) co-developed and co-taught a

design primer class titled Introduction to theDesign

Process, given the increasing recognition of the

importance of exposing engineering students to

opportunity/problem identification before detailed,
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technical engineering design. The introduction of

the design primer course facilitated a transition to a

more desirable ‘‘two-room schoolhouse’’ model

that decoupled front-end design topics from the

clinical observations, global health, and life skill

topics, and reduced the teaching load on the single
faculty leader. The design primer course was even-

tually revamped and subsequently offered as a

standalone three credit Front-End Design course

that covers opportunity discovery, problem defini-

tion, mechanisms for gathering data from users and

other stakeholders, translation of user data into

design requirements, creation of innovative solu-

tions during concept generation, representation of
design ideas, and evaluation of possible solutions.

In 2015, an asynchronous learning platform

called the Socially Engaged Design Academy

(SEDA) was developed by the UM Center for

Socially Engaged Design (http://csed.engin.umi-

ch.edu/), in part to provide resources to support

faculties’ curricular and co-curricular educational

needs [80, 81]. The introduction of learning blocks
on needs assessments, observations, interviews, and

design ethnography allowed for the completion of

front-end design training outside of the classroom

environment, and learning blocks on health, safety

and security enabled life skill topics to be offered to

students by non-engineering faculty. The present

model still requires students to participate in a

credit-bearing independent study course to cover
the global health, cultural, and clinically-relevant

topics.

Our pre-immersion training model has been

adapted for use within other settings (e.g., China,

Ethiopia, Kenya), for other global health/clinical

topics (e.g., surgery, physical medicine and rehabi-

litation, water access, traffic safety), and by students

at collaborating institutions (e.g., University of
Ghana (UG), Biomedical Engineering Depart-

ment). For example, biomedical engineering

(BME) students at the UG complete the same

obstetrics and gynecology readings andassignments

and select front-end design readings and assign-

ments (assignments submitted to and graded by

UM instructional aides) prior to pairing up with

UM students working at the Korle Bu Teaching
Hospital (KBTH) field site (Accra, Ghana). UG

BME students also complete two design courses at

their institution that cover the engineering design

process and emphasize materials for biomedical

applications.

3.5 Clinical immersion & design ethnography

experience

During the two-month clinical immersion and

design ethnography experience, student teams con-

sisting of UM engineering and non-engineering

students (and sometimes institutions affiliated with

the clinical field sites, e.g., UG), are tasked with

identifying and prioritizing unmet needs, selecting a

need to pursue during a follow-on capstone design

course at their respective institutions, and defining

the need through the development of product
requirements and engineering specifications.

Needs are typically identified through a combina-

tion of clinical observations, interviews, focus

groups, and surveys, and prioritized with the use

of custom prioritization rubrics developed by the

students in collaboration with engineering, clinical,

and professional/industry mentors. Product

requirements and engineering specifications are
developed through a combination of direct interac-

tion with stakeholders as well as through bench-

marking, literature review, and early-stage

prototyping. As part of the field site work, students

are also asked to conduct and document a context

assessment. Throughout the pre-immersion and

immersion work students follow a structured

design activity plan and receive guidance in the
form of frequent instructional meetings and design

work critiques (e.g., 2–3 telecoms per week, three

written design work deliverables per week).

3.6 Clinical immersion & design ethnography

experience evolution

The structure of the immersion experience has
become more formalized over the past several

years. Student teams are typically challenged with

generating at least 100 need statements during their

6–8 week immersion experience and performing a

context assessment. Drafts of the need statements

are uploaded to a project website three times a week

and written and verbal feedback regarding the

quality of the need statements are provided remo-
tely three and two times a week, respectively.

Student teams are also tasked with developing a

rubric to prioritize their need statements and

obtaining input from field site stakeholders on

their highest ranking need statements. During the

last several weeks of the immersion experience,

students shift their attention from general to

focused observations and interviews (‘‘deep dive’’)
for the purpose of obtaining data to inform their

product requirements and engineering specifica-

tions.

During the first three years of the program, the

clinical immersion component was 4–6 weeks.

During the summer of 2011, the clinical immersion

component was extended to eight weeks to provide

students with adequate time to acclimate to their
new environments (context) and extend the design

work performed at the field site. Originally, students

defined needs and developed product requirements

and engineering specifications during the 4–6 week
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immersion experience. The eight week time period

also allowed students todevelop anduse low-fidelity

prototypes for problem-solution co-evolution and

obtain feedback from stakeholders on early-stage

concept solutions.

Also in 2011, with industry support, modifica-
tions to the model were made to accommodate

minimally invasive surgery as a clinical theme and

multiple clinical immersion field sites were piloted in

Chinawith a group ofUMundergraduate engineer-

ing and business students. In 2011, Sienko also

piloted the first multinational student needs finding

team in collaboration with Dr. Elsie Effah Kauf-

mann from the UG and Prof./Dr. Samuel Obed
from the KBTH in Accra, Ghana [82]. Cancer and

cardiovascular surgical themeswere implemented in

Chinawith support from two industry partners, and

an academic based collaboration with St. Paul’s

Hospital Millennium Medical College in Addis

Ababa, Ethiopia was established in 2013.

UG students in the BMEprogram are required to

complete a 6–8 week internship in a clinical,
research or industrial setting to gain practical

experience and identify needs, which they can

address during their senior capstone design project.

Typically, 3–4UG students per year are placed with

UM students at the KBTH to satisfy this program

requirement. UG participants are selected on the

basis of their academic background as well as their

capstone design project interests. Selected students
also indicate a willingness to complete the addi-

tional pre-clinical immersion training.

3.7 Capstone design

Currently, UM students participating in the needs

finding and defining activities at field sites are

required to enroll in a capstone design course. In
the earliest offerings of the clinical immersion and

design ethnography experience (e.g., GIEU), this

was not a requirement (i.e., identified and defined

needs were included in the capstone design course

and addressed by other students). The majority of

participants enroll in the Department of Mechan-

ical Engineering’s Capstone Design and Manufac-

turing Course (single semester), which aims to
expose students to the design process from concept

development through analysis to prototype valida-

tion and report. Five faculty members typically co-

teach the course each semester and supervise

approximately six four-person teams per semester.

This course has also accommodated small numbers

of non-mechanical engineering students and non-

engineering students since 2010. Sienko has regu-
larly taught this class during the fall semester,

enabling her to directly supervise the global health

design projects in her section. UG participants

enroll in a multi-semester design project course

with similar aims at the UG and typically work in

teams of up to five students. The UM and UG

partners intentionally decided to coordinate pre-

immersion training and the clinical immersion and

design ethnography experience, but not the cap-

stone design courses due to differences in course
timelines, structures, and resources. However, past

participants and other affiliates from UM have

visited the UG design project class to exchange

information about their respective experiences and

to demonstrate outcomes from their single semester

design courses, including prototypes. The visits

have facilitated recruitment of future UG cohorts

and have created an opportunity for the senior
capstone design students from both universities to

meet following the completion of the clinical immer-

sion and design ethnography experience, strength-

ened collaboration between the two institutions

more generally, and encouraged new partnerships

among faculty.

3.8 Follow-on design course opportunities

Following the completion of the Department of

Mechanical Engineering Capstone Design and

Manufacturing course, UM students have the

option of pursuing their project through follow-on

design courses (e.g., independent study or graduate

level medical device usability testing and iterative

design). The independent study course is project-
based and requires students tomeet regularly with a

faculty instructor and perform additional usability

and validation testing to inform iterative design.

Students often return to their clinical field site for

one week during their mid-semester break with

prototypes to gain direct feedback from stake-

holders. Periodically, students simultaneously par-

ticipate in non-engineering courses that further the
development of their project (e.g., UM Center for

Entrepreneurship Social Venture Creation course).

Some participants opt to continue their projects

through co-curricular student groups (e.g., M-

HEAL, an engineering student group focused on

developing healthcare solutions for low-resource

international communities [83, 84]).

3.9 Academic offerings

UM GHDI participants are eligible to earn credit

for the front-end design coursework (3 credits), pre-

immersion training (up to 2 credits), design ethno-

graphy and clinical immersion experience (up to 3

credits), capstone engineering design course (4 cred-

its), and follow-on design courses (typically 3 cred-

its). Students who complete the traditional
‘‘academic program’’ sequence including the

follow-on design course also fulfill the majority of

the requirements for theUMCollege ofEngineering

Multidisciplinary Design Program (MDP) Minor:
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Specialization in Global Health Design. Students

who are interested in earning a global health design

distinction on their transcript but are unable to

complete the time intensive coursework demanded

by the MDP Minor Specialization, can complete a

‘‘mini-minor’’ in global health design (officially
termed Specialized Study Program in Global

Health Design (PGHD)). PGHD requires 9 credits

of coursework and does not include a fieldwork

component. In 2015, Sienko piloted a global

health paid summer design internship program to

enable students with academic coursework con-

straints to gain critical design skills (e.g., opportu-

nity identification and definition). The internship
has increased the participation of non-engineering

students and has afforded students the ability to

obtain a short-term work experience in the global

health space without financial cost to participate, as

is common in many programs offered by non-

governmental organizations and other academic

institutions. Additionally, it has provided a

mechanism for further developing promising con-
cept solutions.

4. Outcomes

4.1 Intended educational outcomes

Intended educational outcomes include exposure to

and experiential training with: identifying and
defining engineering design opportunities through

clinical immersion; applying co-creative user- and

context-centered design processes; gathering,

synthesizing, and using information to inform

design decisions; considering the cultural influences

on an engineering problem and the implications of

technology introduction to a community; consider-

ing a wide range of unique constraints; developing
interdisciplinary and intercultural communication

skills; and understanding the local and broader

contexts of design. Program outcomes over the

last 10 years include the identification of more

than 700 unique unmet global health needs, com-

pletion of approximately 100 student design pro-

jects atmultiple institutions, publication of student-

led design-based conference and journal articles,
technology transfer, and peer-to-peer mentoring

within traditional capstone design courses (i.e.,

clinical immersion and design ethnography experi-

ence students partner with traditional capstone

design students and provide insight into the broader

contextual issues of the design problems).

4.2 Participants

Approximately 400 undergraduate and graduate

students have contributed to the design of global

health technologies through the Global Health

Design Initiative, with over 100 students participat-

ing in clinical immersion experiences. Students are

either accepted to the ‘Design for Global Health

Academic Program’, accepted to the ‘Design for

Global Health Internship’, or enroll in a project-
basedcourse focusedonaneed identifiedbyaGHDI

student participant. These courses include capstone

senior mechanical engineering design, upper level

courses in the School of Art and Design, and

graduate level courses in mechanical engineering.

Additional opportunities for graduate students exist

for 1–8 week clinical immersion experiences.

Applications for the short-term paid internship
significantly outnumber those for the traditional

credit-bearing academic program described above

(e.g., 50–150 vs. 5–20 student applicants per year).

This is due to the extensive academic and fieldwork

commitments of the academic program and the

application constraints. The academic program’s

admissions requirements limit the application pool

to rising seniors, while the internship is open to
sophomore level or higher undergraduate and grad-

uate level students.

To date, we have seen a balance of female and

male participants (Table 1), potentially due to the

recognized trend that women in engineering find

their work more meaningful when combined with

another discipline (i.e., social justice, global health,

international studies) [85, 86].

4.3 Opportunity discovery

Participants have completed clinical needs finding

experiences atmultiple teaching hospitals inGhana,

Ethiopia, China, Kenya, and Nicaragua (Table 2).

Clinical themes include obstetric and gynecology,

surgery, traffic safety, water access, and physical

medicine and rehabilitation. Needs vary in terms of
specificity and focus; therefore, it is possible for one

designed technology to address several of the unique

needs identified and for more than one need to be
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Table 1. Illustrative sample of undergraduate participants from a subset ofGHDI offerings (academic program and internship) by gender
and major from 2010–2017

Gender Major

Male Female Mech. Eng. Biomed. Eng. Other Eng. Non-Eng.

UM Students 32 40 20 24 4 24
UG Students 12 2 0 14 0 0



combined to describe a comprehensive essential

healthcare challenge.

4.4 Projects and case examples

GHDI has supported UM students through the

design of approximately 100 global health technol-

ogies. Project themes include obstetrics and gyne-

cology, infant health, surgery, physical medicine

and rehabilitation, and others including medical

equipment, home use medical devices, water

access and traffic safety. The vast majority of these
projects have been supported through academic

coursework, with the remainder supported through

the internship program. UG has completed

approximately ten obstetrics and gynecology

themed projects since 2011.

Case 1: Portable obstetrics and gynecology

examination equipment

In the rural Sene District in the Brong-Ahafo
Region in Ghana, pregnant women often travel

tens of miles on foot to be seen by a nurse, midwife,

or clinician at the District or Regional Hospital.

Presently, a cadre of community health care work-

ers are being trained to provide health care services

in rural communities and atCommunityHealth and

Planning Services (CHPS) compounds to address

non-emergency obstetrics and gynecology issues.
The goal of this project was to design and build a

low-cost portable pelvis examination table for use

by CHPS health care workers. This need was first

identified by a GIEU student during the summer of

2008. Following his initial trip to Ghana, he and

three other mechanical engineering students (non-

GIEU participants) designed a portable gynecolo-

gical examination table for use by CHPS workers
for their capstone design course project. The former

GIEU participant returned to Ghana to obtain

feedback on his team’s design from clinicians,

nurses, midwives, community health care workers,

and pregnant women and subsequently completed a

second semester independent design course focusing

on improving the portable examination table [87].
Project findings were disseminated to a co-curricu-

lar design team within the M-HEAL organization

that was concurrently pursuing a similar need in

Nicaragua. M-HEAL students have manufactured

several prototype iterations over the past eight years

and performed pre-clinical testing.

Case 2: Automated blood transfusion device

Obstetric hemorrhage is the leading cause of mater-

nal mortality in West Africa, with over a quarter of

these deaths attributed to a lack of available and

accessible donated blood [88]. During the summer
of 2010, students in the Design for Global Health

Academic Program identified the need for a simple,

low-cost, purely mechanical device to salvage blood

during obstetric hemorrhage, specifically during

ruptured ectopic pregnancies. Students developed

early iterations of their concept solution during

their capstone design course at UM and obtained

feedback about their design inGhana duringMarch
2011 as part of their follow-on design course. The

concept solution resembles an oversized syringe,

and utilizes a series of one-way valves to salvage

blood from a body cavity and filter the blood into a

blood bag for immediate transfusion back into the

patient (Fig. 2) [89]. The student team presented

theirwork at the 2011American Society ofMechan-

ical Engineers Design of Medical Devices Confer-
ence. Several students enrolled in the UM Social

Venture Creation course and formed the startup

company Design Innovations for Infants and

Mothers Everywhere (DIIME). Following

graduation, one of the co-founders of DIIME co-

founded the for-profit company Sisu Global Health

(http://www.sisuglobalhealth.com/) and continued

to develop the technology of the blood salvage
device. Now patented and titled, ‘‘Hemafuse,’’ Sisu

is completing clinical trials in Ethiopia with a

planned roll out of the device in the Ghanaian

market in 2018.
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Table 2. Summary of clinical needs finding outcomes in Ghana, Ethiopia, Kenya, and China for a subset of clinical themes

Clinical Theme Field site location
Total # unique
needs identified

# Needs assessments
performed for clinical
theme to date

Average # needs
identified per needs
assessment

Obstetrics and Gynecology Kumasi, Accra, and
Navrongo, Ghana

886 13 90

Addis Ababa, Ethiopia 1 98

Surgery Multiple cities, China 305 3 104

Traffic Safety Addis Ababa, Ethiopia 104 1 104

Water Access Meru, Kenya 105 1 105

Physical Medicine and
Rehabilitation

Meru, Kenya 120 1 120



Case 3: Cervical cancer screening simulator

Cervical cancer causes the death of nearly 200,000

women each year in lower-middle income countries

[91]. Visual inspection of the cervix with acetic acid
(VIA) is an effective low-cost method to screen for

cervical cancer but is not used widely, due to a lack

of training and awareness of the method. Two

students identified the need for a training model to

support VIA training for midwives and midwifery

students in Ghana in 2013 as participants in the

Design forGlobal HealthAcademic Program.With

input from project stakeholders and the instruc-
tional team, the students specifically chose to work

on a simulator-based design to increase the like-

lihood of accelerated usability testing and imple-

mentation due to a decreased amount of regulatory

hurdles. The student team designed and manufac-

tured a physical trainer in their UM capstone

mechanical engineering design course and returned

to Ghana in the following months as part of a
second semester independent design course to

receive feedback on the initial prototype. The trai-

ner is a low-cost model built to aid midwives in

learning to perform VIA using realistic simulation

with an electronic feedbackmechanism (Fig. 3). The

training model allows students to practice VIA at

their own pace with exposure tomany different VIA

outcomes, enabling them to gain confidence in

performing VIA before screening patients [92].

Since graduation, the students have continued

to work on the simulator device design (www.

visualizecc.org) and returned to Ghana several
times to co-iterate with stakeholders and pilot

devices at local midwifery schools and with inde-

pendent midwive trainees. The project continues

with the support of undergraduate and graduate

student contributions at multiple U.S. universities.

Case 4: Assistive device for implantable

contraceptives

During the summer of 2013, two UM doctoral

candidates (mechanical engineering and design

science) spent four weeks conducting a needs assess-

ment in theObstetrics andGynecologyDepartment

of St. Paul’s Millennium Teaching Hospital in

Addis Ababa, Ethiopia. These graduate students

identified the need for a device to assist in the

insertion of subcutaneous long-action contracep-
tives. This need was seeded as a capstone design

course project and mentored by one of the graduate

students who initially identified the need [93]. The

graduate student continued to work on the concept

as part of his dissertation research and the project,

now named SubQ Assist (Fig. 4), has obtained

financial support from multiple funding agencies

including Saving Lives at Birth. Pre-clinical testing
and usability studies have been conducted in the

U.S. and Ethiopia and clinical trials are pending.

Case 5: Blood warming device

During a multinational team needs finding experi-

ence in 2012, two students from UG selected the

need for a blood warming device to pursue in their

UGbiomedical engineering capstone design course.
In the absence of a blood warming device, patients

are at risk of receiving transfusions of blood at cold

temperatures and thereby developing hypothermia,
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Fig. 2. Hemafuse, blood salvage device [90]. Photo courtesy of
Sisu Global Health.

Fig. 3. Early-stage prototype of the Visualize trainer. The box-
trainer (shown) allows students and midwives to practice insert-
ing a speculum and swabbing the cervix, inspect several custom
dual image tabs (shown), and diagnose and receive feedback
through a built-in LCD screen.

Fig. 4. The SubQ Assist device (prototype shown) is placed
beneath a blood pressure cuff to assist in the insertion of
subcutaneous polymer rod implant contraceptives.



which can be fatal [94]. The UG student team

designed, manufactured, and tested a low-cost

blood warming device using electrical current, ther-

mal regulation and distribution systems, and a heat

retaining polymer foam housing [95]. This project

inspired an additional undergraduate design project
(co-supervised by Dr. Effah Kaufmann) in the

Department of Computer Engineering at UG.

4.5 Engineering education research findings

UM capstone design instructors’ positive interac-

tions with former student participants in the front-

end design activities associated with the clinical
immersion and design ethnography experience

motivated the attempt to better understand how

the experience affected students’ abilities to execute

front-end design work. Specifically, instructors

anecdotally noted that past participants engaged

more frequently with stakeholders throughout the

capstone design course, used a larger and broader

set of information sources to develop product
requirements and engineering specifications, and

considered local material and manufacturing

options. Additionally, UG faculty and instructors

noted higher academic performance in their cap-

stone design course setting and an increased level of

confidence among former UG student participants

because they are typically ahead of their non-

immersion peers with respect to opportunity dis-
covery and an overall understanding of the engi-

neering design process.We initially attempted to use

pre-/post- clinical immersion and design ethnogra-

phy experience surveys (e.g., Likert) to assess the

effects of the experience on the students’ self-percep-

tions of their design proficiencies and abilities to

work on a team, and to capture their general

attitudes towards the engineering design process.
The failure of the survey to reflect the instructors’

narratives as well as differentiate between partici-

pants and non-participants prompted partnership

with an engineering education research expert to

investigate the major challenges associated with

executing the unstructured nature of front-end

design (supported through a NSF RIGEE/RIEF

grant). As we progressed, we noted significant gaps
within the literature with respect to how students

more generally performed front-end design work

and engaged with stakeholders to make design

decisions. Over the course of several studies, we

have sought to better understand (1) how clinical

immersion and needs identification and definition

experiences impact student learning and design

work and (2) more generally, how design students
engage with stakeholders during front-end design

activities. Below we summarize the major findings

from several research studies.

Within our studies we have specifically investi-

gated how student designers approach front-end

design phases and how they engage with stake-

holders to make design decisions. During front-

end design, we have found that student teams plan

touse a diverse set of information sources (including

significant interaction with stakeholders), however,
when actually executing these phases, teams tend to

focus onamuch smaller (less diverse) set of informa-

tion sources and dramatically lower their use of

stakeholder interactions [60]. ‘‘We have also

observed that design teams struggle when attempt-

ing to synthesize and analyze information gathered

using design ethnography methods [61]. The chal-

lenge increases when students engage with multiple
stakeholders with differing opinions regarding the

development of a product [61, 96].

We also observed thatmost design teams engaged

with stakeholders during the front-end design

phases, but their engagement decreased as the

semester progressed [54]. During interactions with

stakeholders, we observed specific factors that

increased the perceived utility of these interactions
in supporting design decisions. For example, design

teams who engaged with stakeholders after they

defined clear and explicit goals tended to find

interactions with stakeholders to be more useful

[96]. Design teams were also more likely to find an

interaction useful when they engaged with a subject

matter expert (as opposed to an end-user or other

stakeholder) [96].
The clinical immersion and design ethnography

experience (referred to as ‘‘immersion’’ below) has

had a discernable effect on how students view front-

end design work, approach information processing

for design applications, and engage with stake-

holders throughout the design process. Students

who have completed the clinical immersion and

design ethnography experience have displayed
more advanced design practices with respect to

requirements elicitation and development and pro-

blem definition. For example, within an experimen-

tally controlled front-end design task study,

immersion students developed the highest quality

product requirements (when compared to non-

immersion students) [97]. Immersion students dis-

playedmore iterative design behavior, narrowed the
focus of their design efforts to reduce the ambiguity

of the design problem, and displayed advanced

stakeholder engagement techniques (using focus

groups and validating conclusions drawn from

interviews through follow-up sessions) [97].

Immersion students also tended to use more

advanced information processing techniques

within their design work. Our studies have shown
that immersion students consult a broader range of

information sources than non-immersion students,

and are less likely to be dependent on a small
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number of information sources during the design

process [97]. Immersion students are also more

engaged with stakeholders throughout the design

process; they begin with a more human-centered

view of the design process and continue to engage

with stakeholders throughout the semester, whereas
other design teams slowly reduce their stakeholder

engagement as the semester continues [96, 98].

5. Discussion

5.1 Best practices/lessons learned

Over the past 10 years we have made numerous

changes to our programs to improve student per-

formance and experiences as well as increase the

likelihood of pursuing needs that could potentially

translate into clinical practice.

Real-/semi(real)- time feedback/‘‘Closing the loop’’

Oneof themost important instructional approaches
that has impacted the quality of the field-based

student work is the inclusion of mechanisms to

provide real-time and/or semi- real-time feedback

to the participants. The original 2008 and 2009

GIEU student cohorts were accompanied by a

facultymentor and student assistant (programmatic

requirement) for the entirety of the 4–5 week

experience. Given the long-term unfeasibility of
sustained faculty support at the field site, we shifted

to a version that included a short-term faculty and/

or instructional aide visit to the field site supple-

mented by a minimum of two �30 min phone calls
per week to discuss technical challenges. Faculty

and instructional aides typicallymodel observation,

interviewing, and reflective practice behaviors while

at the field site and students are provided with
feedback immediately after they perform design

ethnography techniques. In particular, impromptu

and short (e.g., 3–5 min) ‘‘hallway’’ style interviews

are demonstrated and practiced with instructional

support. To facilitate feedback at a distance, stu-

dents are required to submit drafts of project-

related deliverables (e.g., need statements, prioriti-

zation rubrics, product requirements and engineer-
ing specifications) three days per week. We have

found that it is important to provide structured

deliverables and regular deadlines for the design

ethnography and needs finding work since it is

inherently open-ended and time at the field site

can otherwise be mismanaged. As the number of

field sites and participants has increased, we have

increased our dependence on hourly-wage instruc-
tional aides. Typically, these are past participants or

current graduate students with relevant experience

that commit to working five to ten hrs/week to

provide written feedback for the submitted deliver-

ables during the field site activities. We have also

begun to leverage past participants or part-time

staff to accompany the students to the field site. If

travel support for faculty and/or instructional staff

(including past participants) is available, we have

found it to be most beneficial to accompany the

student participants during their first week and
approximately during their fourth or fifth week

when students are finalizing the selection of needs

to pursue and beginning their ‘‘deep dives’’.

Partnerships

Theprograms described hereinwould not have been

possible without partnerships. We have primarily
leveraged three types of partners: (1) teaching

hospitals affiliated with universities with engineer-

ing schools in low- andmiddle-income countries, (2)

the UM departments, programs, and units, and (3)

clinical faculty at the UM. Selection of the first field

site was largely determined by considering theUM’s

strategic plan as well as national languages and

overall political stability. Ghana, and specifically
KATH and KBTH were initially singled out as

potential teaching hospital partners due to the

long-standing history (approximately 25 years at

that time) with the UM Department of Obstetrics

and Gynecology [77, 99, 100]. Teaching hospitals

share a common education mission and are

equipped to support students. It is critical to have

support from the leadership at both the home and
partnering institution, e.g., head of department,

especially given the unique nature of having engi-

neering students in a clinical environment.

Although engineering students’ presence in clinical

settings is increasingly common in U.S.-based

healthcare facilities, it is still a relatively unusual

practice in sub-Saharan Africa and China. In many

cases, it has taken three to five years to overcome the
initial hesitations by international healthcare pro-

viders to engage with engineering students, despite

the support of their leadership. As previously men-

tioned, GIEU provided a vehicle for establishing a

partnership withKATH and provided programma-

tic support including program marketing to stu-

dents, management of applications and interview

scheduling, and pre-departure training related to
travel safety. For follow-on cohorts, we leveraged

additional resources at UM for various aspects of

the programs, including the African Studies Center,

International Institute, International Programs in

Engineering, Center for Entrepreneurship, and

Counseling and Psychological Services. Further-

more, it has been beneficial for the UM students

to identify one or more UM clinical faculty as
mentors and if possible, consider their recommen-

dations during the needs selection process since they

frequently become the main source of clinical feed-

back during the academic semester; single semester
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capstone design courses require design decisions to

be made at a pace that does not typically accom-

modate regular feedback from our international

partners. We have also leveraged our ties with UM

clinical departments to provide students with

opportunities to meet with visiting residents and
scholars from sub-Saharan Africa during the aca-

demic year.

Needs to pursue

Selection of one or more needs to pursue can be a

difficult and time intensive activity. Student partici-

pants frequently experience difficulty during this
portion of the work and often search for the

‘‘best’’ need to pursue. Our prioritization rubrics

have generally included input fromkey stakeholders

(e.g., LIC department head) and have taken into

consideration the appropriateness of the topic with

respect to fit for inclusion in a capstone design

course as well as the students’ interests, among

other traditional considerations [101]. Over time
we have intentionally diversified our portfolio of

selected needs to include a limited number of

simulator/trainer, equipment, and process/opera-

tions projects. These types of projects have the

potential to be transferred to our partners for

implementation on a much shorter timescale than

medical devices. However, we have remained com-

mitted to pursuing the design of medical devices,
despite the numerous challenges associated with

bringing a medical device to market [66, 102]. At

UM, we have had limited success with completing

electromechanical projects within a single semester

mechanical engineering design course and have

generally found these types of projects to be better

suited to teams comprising students with electrical

engineering experience, multi-semester design pro-
jects, and/or projects that continue over multiple

years. UG instructional faculty have also noted that

some of the capstone projects undertaken have been

overly ambitious, leading to situations where the

projects could not be adequately completed in the

time available. It is common practice to provide our

cohorts with access to prior cohorts’ need state-

ments and prioritization rubrics. After several years
of performing needs assessments in a single loca-

tion, we began to observe saturation in needs;

therefore, to provide new cohorts with opportu-

nities to practice needs findings while leveraging

the prior work, we included general needs finding

activities within the first 2–4 weeks to supplement

the existing lists of needs while students perform

‘‘deep dives’’ on a select number of previously
identified high priority needs.

Peer-to-peer learning and student interactions

Given that it is not practical for all students to

participate in the type of clinical immersion and

design ethnography experience described above,

UM and UG have intentionally paired participants

with non-participants within capstone design

teams. The team-/project-based nature of the

courses encourages the transfer of knowledge of
and experience with cultural and contextual con-

straints among teammates. For example, students

who have not participated in a clinical immersion

experience often ask deep and insightful questions

about their peers’ experiences in an attempt to better

understand the broader context of the design pro-

ject, thereby providing the clinical immersion stu-

dents with additional opportunities for meaningful
reflection. The non-participants also benefit from

the opportunity to work closely with peers who can

serve as consultants and proxy end users/stake-

holders for their projects. Additionally, UG student

participants in the immersion experience have

expressed feeling less anxious about their required

internship because they are assured of identifying

multiple needs for consideration in their capstone
design project. They also appreciate the opportu-

nity to interact with students from aU.S. institution

andworkwithin an international team setting, since

the UG rarely has non-African students enrolled.

5.2 Challenges

Themajor challenges that we have encountered and
continue to address are not unexpected. Funding

has been an issue since the beginning of our work,

but the funding needs have shifted from student

travel costs to programmatic support. In recent

years we shifted to a fully-funded student participa-

tion model, given that funding was frequently a

barrier to participation. The majority of the current

support is a result of gifts from donors (UM also
provides partial funding that is supplemented by

internal and external grants). GHDI typically pro-

vides small stipends for local transportation and

materials and supplies to UG participants. Pre-

sently, the greatest direct funding challenge is

coupled to the scaling challenge. As we offer

increased opportunities at various field sites (includ-

ing domestic field sites), we struggle to cover admin-
istrative and instructional needs-related costs,

including programmaticmarketing; student recruit-

ment, selection, and training; field site support; and

faculty effort and instructional aides wages, etc.

Collaborations with multinational medical device

companies have expanded field site offerings in

China and provided student participants with

both salary and travel stipends.
Although our primary driver is education, all

stakeholders involved in these projects have the

ultimate goal of implementing successful concept

solutions with the hope of improving healthcare
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provision for vulnerable communities. Beyond

diversifying selected needs, we seek to increase the

likelihood of implementing sustainable program-

generated technologies. Typical pathways for

potentially promising concept solutions include

multiple semesters within a design course to refine
the concept, faculty- and/or student-led grant pro-

posal or business competition submissions, and

grant-funded graduate student design work. Given

the short life-cycle of engineering undergraduates,

continuity is reliant on the involvement of a gradu-

ate student or faculty member committed to the

long-term management of the project. This limita-

tion reduces the ability to leverage the benefits of
scale with multiple undergraduate teams pursuing

diversified needs. Development is also delayed as a

result of the need to re-educate each incoming team

on previous work, findings and challenges.

Intellectual property practices and strategies for

protecting inventions remain as challenges. Our

current approach is to disclose the invention to

our technology transfer office (at UM, undergrad-
uate students own their own IP) and ask students to

sign a non-exclusive license agreement to UM so

that continued effort can occur on the project once

students graduate.

At UG, prototyping has posed challenges to

students due to unavailable or unaffordable proces-

sing facilities and materials. More significantly,

none of the projects have gone beyond the proto-
typing stage to actual commercialization or delivery

to the end users, mostly because there are no

identifiable industries dedicated to research, devel-

opment andmanufacturing of biomedical devices in

Ghana and the Department of Biomedical Engi-

neering has not had the necessary resources to

support such efforts.

From an engineering education perspective, we
have struggled with how best to quantify outcomes.

This struggle has in part influenced the engineering

education research interests of several faculty mem-

bers and has motivated numerous grant proposals

and engineering education research papers.

Another challenge has centered on how to create

classroom-based exercises that translate to work

conducted independently in the field. We’ve repeat-
edly observed instances of students struggling to

apply methods and theory to open-ended projects

outside of the classroom. One successful but time

and effort costly method for addressing this chal-

lenge is to model the techniques in the field, since

providing feedback regarding student performance

in a timely manner is critical. A less costly option is

to actively promote student reflections and peer-to-
peer training to navigate challenges associated with

applying techniques in the field.

One of our greatest challenges over the past

decade has been managing expectations. Program-

matic outcomes are discussed and understood at the

administrative level, e.g., collaborating faculty and

department heads, but it has been difficult to

manage expectations among healthcare providers

(e.g., nurses, midwives) within the tertiary health-
care facilities. Students develop and practice

mission statements prior to field site work that

minimize communication conveying commitments

of delivery of functional medical devices. Addition-

ally, student teams have presented at clinical depart-

ment morning meetings at both the beginning and

end of the clinical immersion experience and created

posters and delivered presentations that have pro-
vided updates about project outcomes. Students’

expectations are also difficult to manage—during

the interview stage, many convey sentiments of

wanting to make an impact and save lives through

this short-term experience. Given that a limited

number of concept solutions are fully realized as

implementable health technology products, we

emphasize the importance of disseminating student
work and methods through design competitions,

conference presentations, and journal papers.

Another major challenge to overcome in these

collaborative and innovative programs is the ability

to link the training phases of two disciplines, engi-

neering and health, traditionally thought to bemiles

apart in many institutions. Interprofessional educa-

tion everywhere, and especially across borders, is in
its infancy. Issues of trust, financial transparency

and sustainability present existential ethical chal-

lenges. Implementation of engineering best prac-

tices face many of the same challenges with

practitioners and policymakers as does implemen-

tation science.

5.3 Additional benefits

Several studies have demonstrated that the vast

majority of hospitals in LICs reported difficulty

when searching for qualified engineers to support

their healthcare technologies [103, 104]. To contri-

bute to solving these issues, LICs need to recruit and

train biomedical equipment technicians, clinical

engineers, and biomedical engineers to facilitate
the local design, development, and production of

health technologies in LICs. Despite their crucial

role, biomedical engineering programs are rare in

LICs; a study of African and North American

universities found that only twenty-one universities

offered biomedical/bioengineering inAfrica (in only

eight countries) compared to 189 in the United

States alone [104, 105]. In a recent study, we
observed a significant discrepancy between Gha-

naian biomedical engineering students’ perceptions

of the work of biomedical engineers (i.e., medical

device innovators) and the career options they
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believe are available (i.e., they did not perceive there

to be career opportunities in the design and devel-

opment of novel health technologies, but perceived

that the most likely jobs were in the sales, repair,

maintenance, or procurement of hospital equip-

ment) [107]. This discrepancy could be due to of
the lack of job opportunities in medical device

development and production in Ghana [108, 109],

leaving students to feel that while biomedical engi-

neers contribute to the development of solutions

that address health problems, they, themselves did

not have access to do so in their own country.

Collaborative programs such as the one described

in this paper provide an opportunity to develop
health technology innovators as well as potential

local markets for locally designed and manufac-

tured products.

Clinicians from LICs have noted the educational

impact that they have had on student participants

including the first-hand demonstration of the local

design constraints and challenges associated with

using and maintaining equipment and devices
within LICs. Clinicians, residents, and medical

students regularly provide input and guidance

during the opportunity discovery and definition

phases, as well as during the concept generation

work performed at the field site. The unique oppor-

tunity for LIC clinicians to collaborate with engi-

neering students through such programs as the ones

described above allows them to: (1) participate in
the design, design evaluation, and integration/

implementation of needed devices for their special

practice needs; (2) develop skills to better utilize and

adapt uses for new technologies introduced into

their sub region; and (3) identify optimal extant

medical and surgical devices to implement at the

right time and in the right way into specialty and

general practice use. They also develop skills in
financial assessment and supply chain integration

of new devices and products. For UM clinical

trainees, benefits include participation in technol-

ogy innovation, design, and evaluation, as well as

the opportunity to work with multidisciplinary

teams enriched with engineering students, gaining

indirect exposure to differences in design processes

that facilitate technology development in HICs
versus LICs. These experiences challenge clinical

trainees to consider alternative mindsets regarding

and approaches to innovation and entrepreneur-

ship, and have the potential to develop stand out

innovatorsandentrepreneursamongtheseclinicians

who would not otherwise have chosen that space.

In addition to facilitating skill acquisition among

students and clinical trainees, the program has the
long-term potential to impact society through the

creation of medical device industry leaders and

innovators familiar withLICs, appropriate technol-

ogies, and design methodologies focused on the

unique constraints of LICs. Furthermore, opportu-

nities co-discovered by engineering and non-engi-

neering students with healthcare trainees and

providers may contribute to both short- and long-

term global healthcare technology agendas.

6. Conclusions

Decades of investing in lifesaving medical devices,

training health care providers at various levels, and

planning strategic interventions globally have led to

drastic reductions in mortality due to infectious
diseases, maternal and child illness, and malnutri-

tion. Traditional engineering design processes are

technology-centric, with minimal emphasis on con-

textual, cultural, and stakeholder aspects of the

design artifact. However, design approaches that

consider local constraints, cultural contexts, and

stakeholder needs, and enhance the capacity of the

local workforce are particularly effective, especially
within the context of health technology design in

LICs. Successful design for LICs depends on under-

standing the broader issues associated with imple-

mentation in the early stages of the process rather

than after the validation andproduction stages.Key

components of successful front-end design involve

interacting with and understanding product stake-

holders and contexts of use during the development
of technology product profiles. The ambiguous and

iterative process of understanding stakeholders and

contexts of use and translating this understanding

into design decisions are challenging characteristics

of design work. It is imperative that engineering

students are provided with opportunities to develop

these critical skills; not only in the classroom, but

also ‘‘in the field’’.
We have developed and implemented clinical

immersion and design ethnography experiential

learning experiences in collaboration with clinical

and engineering partners from multiple sub-Sahara

African academic institutions to support the devel-

opment of human-/user- and context-centered engi-

neering designers; specifically, students gain both

theoretical, but more importantly, practical hands-
on experience identifying and defining engineering

design opportunities through in-depth interactions

with stakeholders from diverse cultural and disci-

plinary backgrounds at clinical field sites. Student

participants demonstrate more informed design

behaviors including interviewing, requirements eli-

citation, and information gathering and synthesis

skills. Students fromUMandUGhave contributed
to the design of healthcare technologies to ulti-

mately address health disparities among vulnerable

populations, encouraging additional co-creative

design processes that include clinicians and engi-
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neers as well as contributing to a growing field of

engineers equipped to design contextually rich tech-

nologies that integrate cultural and social factors to

meaningfully and sustainablymeet healthcare needs

in resource limited settings.
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