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Incorporating contextual factors throughout a design process is necessary for successful outcomes in global health

settings. However, additional tools are needed to equip engineering students with skills to investigate and incorporate

contextual factors into their design processes. We developed in-depth narratives from three real design experiences to

demonstrate how design practitioners incorporate a broad range of contextual factors into their global health solutions.

Since incorporating context is not yet systematized in engineering design work, narratives provide necessary nuance and

exposure to the concepts and approaches used by experienced designers.Our findings highlighted several ways engineering

design practitioners incorporated contextual factors into their design processes, including regularly conducting first-hand

observations, developing meaningful relationships with stakeholders, and using iterative and adaptive design approaches

that allow for contextual factors to emerge throughout a design process.Ultimately, we recommend engineering educators

encourage more consideration and incorporation of contextual factors into engineering design processes, particularly in

global health settings. These narratives can be used in engineering classrooms to support novice designers’ acquisition of

skills related to incorporating contextual factors into engineering design processes.
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1. Introduction

Engineering designers are encouraged to develop
products that are appropriate for their use contexts

[1, 2]. Indeed, successful product design requires the

incorporation of many relevant contextual factors,

i.e., characteristics of a potential solution’s broad

context of use, such as institutional, political, and

cultural environments. In the field of global health,

designing for the appropriate context is especially

imperative [3, 4]. Medical device ‘‘graveyards’’ are
scattered throughout low- and middle-income

countries (LMICs), filled with technologies

designed in high-income countries that were never

designed specifically for these contexts [5]. Existing

literature provides numerous examples of products

failing in a global health context due to a lack of

appropriately incorporating factors of the context

into the design [6–8]. Moreover, prior work has
shown that engineering students hold a relatively

narrow concept of ‘‘context,’’ focusing more on

technological and institutional context and less on

broader socio-political factors, and lack intention

with respect to incorporating contextual factors

throughout their design processes [9, 10].

While some prior work has characterized how

novice and experienced engineers incorporate some
factors of context into early problem scoping [11,

12], studies have not investigated which contextual

factors experienced global health designers consider

and how they incorporate them into their design
processes. And, while some work has characterized

ways that global health designers conduct design

processes [13–15], there is little focus on how they

incorporate broader contextual factors into their

designs. To address these gaps in the literature, our

previous work focused on characterizing how

global health design practitioners incorporate con-

textual factors throughout their design processes.
Using semi-structured interviews with 15 experi-

enced global health engineering designers, we inves-

tigated the types of contextual factors incorporated

into engineering design processes in LMICs [16, 17].

An iterative thematic analysis identified 351 incor-

porations of contextual factors classified into nine

mutually exclusive contextual categories as well as

32 subcategories. Our prior analysis showed that
the experienced designer participants were consum-

mate about taking context into account. They

engaged a broad range of stakeholders to under-

stand context; they visited and revisited contextual

information, and they adjusted the scope of their

projects, even to the point of terminating a project,

based on what they learned about context.

In this study, we thoroughly examined the prac-
tices of three participants to develop in-depth
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narrative descriptions of how they learned about,

considered, and incorporated context into design

projects. Based on rich interview data with design

practitioners based in three different global regions

(North America, Europe, and Africa) with experi-

ence working on global health challenges, we set out
to convey real examples that could be leveraged in

engineering classrooms through case-based narra-

tives. We chose to develop narratives since they are

descriptive and can convey the uniqueness of

experiences in depth. Additionally, narratives can

outline a more detailed storyline, facilitating com-

munication about the event or experience to the

reader. These characteristics of narratives align
with our goals to support broader awareness of

strategies for incorporating contextual factors

during development engineering design processes.

Our narratives include (1) an experiencedmedical

device designer from North America designing a

neonatal product intended for use inmultipleLMIC

contexts, identifying multiple contextual con-

straints that were incorporated into their design
decisions; (2) an experienced medical device

designer in Europe designing a monitoring device

for use in multiple LMIC contexts, determining

design specifications given competing contextual

factors; and (3) an experienced electrical engineer

fromEast Africa incorporating the political context

into a design intended for use in one country. We

draw out cross-cutting themes from the cases, high-
lighting how the participants made specific design

decisions based on contextual factors, and suggest

recommendations for use of the narratives in educa-

tional settings. Through these in-depth narratives

from real design experiences, we aim to demonstrate

how design practitioners incorporated a broad

range of contextual factors into their global health

design processes. The results from this study can be
used by engineering design practitioners and novice

engineering designers to improve the integration of

solutions into their intended contexts within

LMICs, with the ultimate goal of improved indivi-

dual and collective health outcomes.

2. Background

2.1 Characterizing ‘‘Context’’ in Engineering

Design

In engineering design, context is used to describe the

broad conditions in a particular environment or

setting in which the solution will operate [3, 11, 18].

The multiple factors that comprise a solution’s
broad use setting are termed contextual factors

[17, 19]. Aranda-Jan et al. defined nine classifica-

tions of contextual factors: (1) economic, (2) envir-

onmental, (3) industrial, (4) infrastructural, (5)

institutional, (6) political, (7) public health, (8)

socio-cultural, and (9) technological [19]. Contex-

tual factors can be incorporated into engineering

design processes in many ways, including influen-

cing problem scoping, detailed decisions (e.g., form,

function, performance), and implementation con-

siderations [10]. Incorporating contextual factors
during design processes requires that designers

effectively evaluate the intended use context,

synthesize and prioritize contextual information,

and apply relevant contextual factors to design

and implementation decisions [20].

2.2 Supporting Engineering Students’

Incorporation of Context During Design Processes

Although the Accreditation Board for Engineering

and Technology (ABET) states that engineering

graduates are expected to ‘‘make informed judg-

ments, which must consider the impact of engineer-

ing solutions in global, economic, environmental,

and societal contexts’’ [21], specific guidance for

incorporating context throughout design processes
is scarce. Some recommendations for integrating

contextual information into student design educa-

tion exist, for example Contextual Social Aware-

ness (CSA) activities [22].While CSA activities have

been shown to increase students’ considerations of

social dimensions during problem solving [23], the

framework does not provide a comprehensive per-

spective across multiple contextual dimensions
(e.g., institutional, political, economic). Other

tools, such as first-hand observational assessments

[24, 25] and stakeholder engagement techniques

[13, 26], can provide students with support for

gathering contextual factors, but lack guidance

for analyzing and applying contextual information

during their design processes.

To support the acquisition of design skills, tacit
processes must be made visible to learners; first so

that they can observe and second so they can

practice them. Before students can practice complex

design skills, it is recommended practice for instruc-

tors to first demonstrate the rationale and thinking

process for students [27]. One approach for demon-

strating complex skills, and thus making tacit

processes visible, is through case-based learning,
which is a guided inquiry approach that engages

students through discussion and examination of

real-world scenarios [28]. In case-based learning,

instructors provide students with short, specific

scenarios and facilitate collaborative discussions

to analyze the situations. Prior work has indicated

that students’ conceptual understanding of new

topics is greater when learning from case-based
instruction compared to a traditional lecture [29].

Case-based learning can be especially relevant to

design education where problems may be unstruc-

tured, complex, and without an obvious single-
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solution [30, 31]. Specifically, narratives can be

developed to communicate specific case studies,

providing detailed description and context. Scho-

lars also argue for the development of theme-

oriented narratives as opposed to isolated ones, to

help students observe multiple viewpoints and
better internalize the concepts [32].

3. Methods

The objectives of this paper were to (1) provide in-
depth descriptions of how engineering design prac-

titioners have incorporated contextual factors into

their design processes, and (2) discuss cross-cutting

themes that could be used within engineering design

education. This work was guided by the following

research question: How do design practitioners

incorporate contextual factors into global health

design processes? To address our research question
and present the findings in a way that could support

students’ incorporation of contextual factors in

their own work, we selected three participants

from an existing larger set of data collected from

15 global health design practitioners [16, 17]. We

then chose to share their experiences in narrative

form, which enabled us to convey the nuances of

experiences in depth and detail [33, 34]. Since
‘‘context’’ is fairly abstract and largely under

defined in engineering work, case-based narratives

provide necessary nuance to the reader. Scholars

have used narratives in engineering education set-

tings to support learning and acquisition of design

skills, such as strategies to engage stakeholders with

prototypes [35], models for incorporating human-

centered design principles into global health engi-
neering [36], and frameworks to reduce harmful

voluntourism in humanitarian engineering projects

[37], among other applications.

3.1 Data Collection and Participant Information

A phenomenological approach [38] was used to

develop a semi-structured interview protocol with

questions aimed at eliciting rich descriptions of

participants’ experiences incorporating contextual

factors during their prior design work. Design

practitioners with at least three years of profes-

sional experience designing health solutions for
use in LMICs (specifically medical devices and

information technologies), were recruited using a

purposeful and convenience sampling strategy [39].

Following the completion of the 90-minute inter-

views, transcripts were coded for instances when

participants incorporated contextual factors into

their design processes. We defined ‘‘contextual

factor’’ as a characteristic of the potential solution’s
broad use-context and ‘‘incorporate’’ as an instance

when a participant’s decision during a design pro-

cess was influenced, completely or in part, by a

contextual factor. A combination of the aforemen-

tioned nine classifications of contextual factors

(developed by Aranda-Jan et al. (2016)) and 32

contextual factor categories (developed by Burle-

son et al. (2023)), presented in Table 1, were used to
deductively code the transcripts [17, 19].

The three participants chosen for inclusion in the

narratives and analysis presented in this study were

selected from the larger dataset because they shared

compelling experiences related to incorporating

contextual factors, had varied years of experience,

and represented different geographical regions.

Michael, Sarah, and Jacob (pseudonyms) were
design practitioners with 20, 5, and 8 years of

design experience in global health settings, respec-

tively. Each worked from different regions (North

America, Europe, and Africa) and had their work

implemented in various LMICs. Table 2 presents

important background for each of the participants.

3.2 Data Analysis and Narrative Formation

We constructed the narratives from the coded

transcripts. Each transcript was reviewed to iden-

tify a specific story that conveyed one or more key
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Table 1. Contextual factors identified in previous work; classifications (bolded) and contextual factor categories (bullet points)

Socio-cultural
� Symbols
� Cultural tradition and practices
� Language
� Education and literacy
� Aesthetics
� Stigmas and taboos

Political
� Regulations and regulatory processes
� Stakeholder power dynamics
� Political systems and culture
� Global priorities

Institutional
� Existing practices and procedures
� Capacity and capability of Institutional
staff

� Institutional financial capacity
� Institutional resources
� Indoor environment

Infrastructure
� Utilities
� Transportation & Road quality
� Distance
� Attributes of the built environment

Economic
� Individual and household
characteristics

� Regional and national characteristics
� Labor market characteristics

Technological
� Available technologies in the context
� Compatibility with the technical
context

� Availability of consumables

Industrial
� Supply & Manufacturing
� Maintenance
� Distribution

Environmental
� Weather
� Natural environment

Public health
� Healthcare system and practices
� Health demographics



themes identified in our prior analysis. Then, we

selected relevant excerpts (i.e., quotations) from

their interview transcripts that contributed to the

storylines [40]. Following recommendations for
constructing narratives [33], we included the neces-

sary background information and framing for all

the included excerpts. In the narratives below, we

have marked instances of incorporating contextual

factors in parentheses including the contextual

factor classification and categories that were

coded. For example, if a participant described

changing the material of their solution based on
the local humidity and temperature, we included:

‘‘(environmental: weather).’’ Following suggestions

by qualitative research scholars, minor edits have

been made to some quotes to improve readability

and grammar (e.g., removing ‘‘um’’ and other filler

phrases) while leaving the meaning and intention

completely intact, a process called ‘‘light tidying-

up’’ [41]. All specific product names and affiliations
have been removed and mentions of specific coun-

tries have been replaced with broader regions to

protect the identity of our participants.

We acknowledge that the experiences, expertise,

and identities of the research team can influence the

analysis and presentation of findings. All research-

ers on our team had experience in international

development and global health, to varying degrees.
Some authors had experiences designing and criti-

quing technological interventions in global health

settings, and others as administrators and partici-

pants of global health design projects. We acknowl-

edge that our research team does not include many

of the identities and experiences found within the

field of global health, particularly those from

LMICs.

4. Findings

This section presents three narratives that describe
participants’ incorporation of contextual factors

into their global health design processes. First,

Michael’s narrative provides detailed examples of

incorporating many contextual factors from several

countries to develop a solution for use in multiple

contexts. Next, Sarah’s narrative provides an

account of incorporating multiple contextual fac-

tors into one design decision. Finally, Jacob’s
narrative presents examples of incorporating poli-

tical contextual factors throughout a design process

and navigating multiple stakeholders in a single

context. To support student learning of the breadth

of contextual factors that can be incorporated in

design processes, the contextual factor classification

and category are tagged throughout each narrative.

A complete list of and description of the contextual
factor classifications can be found in The Context

Cards# [42].

4.1 Narrative 1: Michael

Michael is an engineering design consultant with 20

years of experience in engineering design. Prior to

his current role as an independent consultant,
Michael worked for a global health organization

based in North America, he described,

‘‘We developed medical devices for low-resource mar-
kets. I ran everything product related. I didn’t really do
fundraising much and didn’t do the policy advocacy.
But the product designers, the manufacturing sales, all
the things that related to get the product out the door I
managed.’’

Michael described his experience working on a

newborn therapeutic device that could be imple-

mented globally. He described how he and his team

spent time observing the various contexts where this

product would be used, which were in neonatal

intensive care units (NICUs). He shared,

‘‘We spent a lot of time going to NICUs at different
hospitals. We did it mostly in South Asia because that
was our launch market, but we also had people go to
Southeast Asia. And then we also had people go to
East Africa and look at NICUs in those different
countries and we had people go to Central Asia and
South America.’’

He and his team chose to work on a problem that

aligned with international global health and philan-

thropic initiatives as a way to acquire funding and
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Table 2. Participant background information

Pseudonym Michael Sarah Jacob

Region based in North America Europe Africa

Race White (North American) Not provided Black (African)

Gender Male Female Male

Highest education MS, MBA MS BS

Years of experience 20 5 8

Role Engineering consultant Engineering designer CEO/Founder; Engineer

Size of organization Small Large Small

Region(s) work is
implemented in

Africa, Asia, North America,
South America

Africa, Asia Africa



support (political: global priorities). Michael

described,

‘‘TheUNhad the development goals – infantmortality
is one of them. We would try to connect our concepts
and our products to those development goals because,
frankly, that’s what the Gates Foundation was fund-
ing. A lot of what we did followed the money, and the
money followed the public health priorities that are
political. We wanted to make sure we were doing work
in areas that connected to priorities that the Gates
Foundation set, because they have an inordinate
influence on how money gets distributed.’’

As the project progressed, Michael and his team

identified many different contextual factors to

incorporate into their design. Some were more

functional in nature, for example designing the

product to use components that would last longer

between replacements and were less difficult to
procure in the area (technological: availability of

consumables). Other decisions focused on user per-

ceptions based on their experiences with technology

in their context. For example, even though they

could have made the device smaller, Michael

designed the product to be larger and more similar

to the existing solutions in their intended markets

(technological: available technologies) even if it did
not need to be so large. He shared,

‘‘We knew that it couldn’t be totally radically different
from what was already on the market. That comfort
level came from something that’s familiar. Part of the
reason we think our prior product failed is that it
looked too small. People weren’t convinced that it
worked well enough, even though it did. But it didn’t
look like other units, so they didn’t trust it. We knew it
had to look more like all the other units that were on
the local market – as a selling point – so that it wasn’t
too unfamiliar.’’

Observations of the use context inspired many

design choices, including one where Michael chose
to redesign the electrical components to account for

the fact that the nurses were constantly ‘‘wrestling’’

with many different devices and cords around the

patient’s bed (institutional: existing practices and

procedures). Michael shared,

‘‘Wewatched theway the nurses worked in theNICU–
you would see three or four different poles next to the
bed. One is for the IV, one is for light, one is for a
warming unit. The bed is surrounded by all this stuff.
And it all has a cord – the nurses are constantly
wrestling with, and tripping over, cords. We were
thinking about that and trying to figure out how do
wemake the cord not dangerous. And, if someone trips
on it, we need to make sure it doesn’t pull the whole
device over. In the old design, we had electronics in
multiple locations with multiple cords – so we moved
all the electronics to one spot so that the only thing that
came out was just one cord. It just simplified the
design.’’

Because the hospitals were overburdened,

Michael observed instances when multiple new-

borns were placed in the same therapeutic device

(institutional: existing practices and procedures),

which was designed to accommodate only one

newborn at a time. Thus, he and his team designed

their product to work for two newborns even
though they still maintained it was for one. He

shared,

‘‘The other thing that we often saw – that’s sort of
heartbreaking – is that, because a lot of the hospitals
didn’t have enough money to buy lamps, they would
treat two babies with the same device. And that’s bad
because there’s an issue with possible cross contamina-
tion if they have an infection. But they both have the
disease, and they’re both in pretty bad danger of brain
damage – so they need the therapy too. At first, we
struggled a bit with the user instructions. We were
explicit to only specify that it treats one baby at a time,
and we had pictures that showed how a baby should be
prepared, but we knew that wasn’t happening. The
original design was only practical to treat one baby –
but we decided to not do that – we decided to change
the specifications to deliver enough therapy for two
babies. Even though we didn’t instruct people to use it
for multiple babies, we knew they would do it anyway.
So, we designed the product to accommodate it, but
not make it an explicit claim, and not make it an
explicit instruction.’’

Another detailed design change was inspired by

the way hospitals operated their NICUs – keeping

the room dark to allow babies to sleep. Michael

chose to include an LED controls display so that

healthcare workers could read the screen in the dark

(institutional: indoor environment). He shared,

‘‘The rooms are usually dark because they’re trying to
help the baby sleep – even in the middle of the day the
rooms are dark. Our initial design had an LCD on it,
but it wasn’t lit, so it was very hard to read the LCD in
the dark. So we removed that and put an LED on
display, so that the LEDs are always lit and it’s much
easier to read it in the dark.’’

Michael also had to accommodate for unreliable
electrical grids in the various use contexts where

they aimed to implement (infrastructure: utilities)

and described his process to include an automated

shut-off feature to protect the longevity of the

device when power fluctuations would inevitably

occur. He shared,

‘‘The power grids were bad, and we would go to
hospitals and see brown outs happening while we
were there. And in general, they would prioritize the
NICU – so that was good. But we knew that the power
supply was going to get beat up quite a bit. We bought
expensive power supplies that had pretty robust toler-
ance to brownouts and to blackouts so that they
wouldn’t burn out by having the power cut off unex-
pectedly often. Because even getting less power, not full
power, is bad for a power supply unless it’s built and
shielded to be resistant to the fluctuations. Basically, it
shuts itself off when it doesn’t have enough power,
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rather than letting the fluctuations in the power
damage it.’’

During a later stage in his team’s design process,

they had to narrow down their target market, and

could no longer target rural hospitals that did not
staff overnight (institutional: capacity and capability

of staff). By placing a prototype into rural contexts,

he uncovered new information that would drasti-

cally impact the potential success of their technol-

ogy. In this case, he learned that many rural

hospitals do not provide 24/7 care, requiring his

team to pivot and focus on urban hospitals that

operated during all hours. He shared,

‘‘So, we built this idea. We built a prototype. We went
to a handful of small clinics in South Asia and Africa.
And the short answer was, nobody wanted it. And the
reason was that we thought the remote hospitals were
the best fit for it. We went to a bunch of remote
hospitals – they all said, ‘we don’t have 24/7 staff, so
we have no overnight patients. So if a baby shows up
with this disease and needs 24/7 therapy, we don’t have
anybody here overnight to watch them. We have to
refer them elsewhere.’We had no idea that that was the
case. We didn’t know that even though these remote
hospitals had beds and looked like a regular hospital,
they didn’t have 24/7 inpatient care. They were basi-
cally just outpatient hospitals. And they really didn’t
explain that to us until we watched them and talked to
them. So the whole idea didn’t work because the
remote hospitals we wanted to reach were not structu-
rally set up to do inpatient care for babies. So that was
good to find out.’’

When deciding the name of his team’s product,

Michael became aware that one of their ideas was
also the name of a political movement in Africa

(political: political systems and culture). He

described,

‘‘I think at one point [redacted name] was a concept.
And there was an uprising in one of the African
countries that was the [redacted name] uprising. And
we were like, ‘Oh, we better cross that one off!’’’

Since this product was being implemented across
multiple countries, Michael described developing

instructions that incorporated less language and

more graphics (socio-cultural: language). He

shared his team’s difficulty with getting their pro-

duct’s instructions translated into multiple dialects,

which led to changing the instructions to include

more pictures,

‘‘We thought quite a bit about the instructions and
how much the instructions needed to be in pictures
instead of words, because we were translating stuff.
When we went to Southeastern Asia and had to
translate into different dialects. That was horrible:
expensive, messy, and we did it wrong. So the more
pictures we had, the better.’’

Overall, observations and time spent in the

different use contexts enabled Michael and his

team to identify a variety of different contextual

factors that they incorporated into their design.

Michael’s experience highlights the value in spend-

ing considerable time with stakeholders in their

context to uncover nuanced and otherwise tacit

contextual information that, if gone undetected,
would ultimately cause the product to fail or not

achieve the intended health impact. He shared,

‘‘It is so ingrained to go out to talk to the people that
are going to make the decisions and use the product
and get the concept in front of them or watch how they
use existing solutions. It’s really hard to learn any of
these [contextual factors] without going there and
being with the people. And so, that is that context,
that connection, the personal trust. It’s hard to prior-
itize any [contextual factors] over the others . . . I think
a lot of people, though, don’t work on the industrial
and don’t work on the institutional stuff early enough.
They work on the technology – and really, really focus
on the technology. And that’s good because that’s
what their skills are. But they end up designing
themselves into problems because they don’t know
the other [contextual factors].’’

Michael’s story highlighted many ways contex-

tual factors influenced the design of his solution’s

features, such as how its cords were managed, the

size of the device, and its specifications. While some

of the contextual factors described in the narrative
were functional in nature (e.g., expanding the

device to accommodate two newborns), others

were social (e.g., the perception of quality based

on the size of the device). It is important for

students to understand that both functional and

social contextual factors are critical to a solution’s

success–even though the size of the device did not

change how it functioned, it resulted in greater user
acceptance among stakeholders within Michael’s

intended use context.

4.2 Narrative 2: Sarah

Sarah is a design engineer for an international

healthcare technology company based in Europe.

She has five years of experience working on medical
device implementation and design for use in

LMICs. She described her experience working on

different teams in the company,

‘‘I spent three years working on the team trying to
understand how to implement products. I think when
you consider that, then it really shapes how you design
products because you see: What are the barriers to
adoption? What are the challenges that you might
come across, based on the systems they’re implement-
ing, and based on the users’ context? Now I’mworking
as a designer in the development team, and really
taking my experiences from implementation to help
shape the design of the different products and solutions
we make.’’

Sarah had been working on various monitoring

devices to be used in labor and delivery wards
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within hospitals in LMICs. She and her team

worked closely with healthcare providers across

multiple countries in Africa and South Asia

throughout their design process. She described the

need to narrow their target use setting early in their

design process because of differences in contextual
constraints among various settings. She shared,

‘‘If it’s an urban hospital that’s more resourced – one
that has a lot of doctors present who understand how
to use electrical devices and things like that – I think it’s
much easier because they usually have the resources,
like the cleaning supplies. They have the training
expertise; they have sockets on the wall and stable
electrical power. Whereas if we were talking about
more rural areas where some of these products are
particularly needed – like more than in the high-
resource, urban hospitals – and solutions are needed
more in the rural – there’s less training, less exposure to
electronic devices, less stable power, all these things
come into mind when deciding the goals of the pro-
duct.’’

Sarah recounted a series of critical questions she

and her team had to answer as the design pro-

gressed. At the time, they were addressing the

design question: How should we design the way our

monitors are stored and charged? Sarah described

how this one question required her to consider

multiple contextual factors. She shared,

‘‘The idea is that, when the time comes, you quickly
grab the device. You need to access it within five
seconds in order to get the full value of it. So, for
example, when we developed the monitor, we made it
so that you can hang it up in a labor ward – but then
there’s a lot of little things to consider.’’

First, Sarah described that to design the device so

that it could be stored on the wall, she needed to
identify what types of wall attachments would be

available in their target contexts (industrial: supply

and manufacturing). She shared,

‘‘Then the question was, ‘do people have screws?’ That
was a question, whether we should or should not
provide the screws and whether people have their
own and we decided people can find and have their
own.’’

Then, Sarah needed to know if hanging the device
on the wall was a common and acceptable storage

practice at the types of institutions where they were

aiming to implement in (institutional: existing prac-

tices and procedures). She shared,

‘‘Would they be willing to attach something to their
walls in the first place? Like, is that okay to pierce their
walls with screw attachments? And I think that was a
big question. In some hospitals, they’re okay with it,
but we didn’t know if this was universal.’’

Next, she had to consider the layout and organi-

zation of the hospitals. If the device needed to be

accessed within five seconds, it needed to be nearest

to where births were taking place. Therefore, she

had to investigate if births occurred in one location

or multiple locations within the different hospitals

(Institutional: existing practices and procedures),

which could require the product to be able to be

stored in multiple locations. She described,

‘‘Trying to put it on a wall made sense in one context
we designed it for because the hospitals had dedicated
rooms where the mother is delivering, and the baby is
one meter away after they’re born. It made it easy to
put it on the wall there. But in other contexts, with
different labor rooms set ups, that doesn’t work well.
Do you put the device in the labor room where the
mother has given birth, or do you put it in the neonatal
resuscitation unit where the baby is going to be
treated?’’

Since the product was electronic, she then needed

to consider how the product would be charged

while it was stored. She had to assess availability
of electricity in general (infrastructural: utilities),

and the prevalence of wall sockets in rooms

throughout the hospitals (institutional: institutional

resources). She asked,

‘‘And the idea is that wherever you place it, it’s charge-
able at all times. But then the question is, do you have
sockets in the place that you would want it? And, do
you have a socket available where you expect people to
keep it?’’

She quickly learned that since electricity was
unreliable in many contexts, it would be important

to design the product to last a while between battery

charges. She described,

‘‘We designed the device to take a few hours to charge
and then you can use it for months. Because of lack of
reliable electrical supply and because we know wall
sockets are rare, and you don’t want the device to fail
when you really need it. We made sure that the battery
has a good lifetime.’’

Sarah then had to consider how the product

might look if it was hanging on a wall in a clinic.

She shared a story of a prototype being used in a

South Asian clinic where they locked it away in a

drawer because the healthcare workers believed it

looked very valuable (socio-cultural: cultural tradi-

tion and practice), and worried that someone might
try to steal it. She shared,

‘‘It’s a pretty big investment for the hospital, and to
have it on the wall means to have it untethered and just
easy for somebody to just pick it up and take it away.
Because we’re designers, we like to make things look
quite nice, we designed it so it’s very sleek – but because
it looks very sleek, it also looks like something expen-
sive. But, if you lock something up like that, when the
time comes and you need it, it’s a little bit hard to get it
out of like a cabinet and use it.’’

Ultimately, she and her team chose to make the

way the product was stored flexible, she described,

‘‘We made it so that the attachment can be something
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you put against the wall or you can just put it on the
table. It sits up in a certain way so that you have the
option of putting it on a table or you have the option of
putting it on a wall.’’

Overall, Sarah highlighted the importance of

considering how multiple different institutions use

and store their product, so that they could make
sure to design accordingly for all the potential use

contexts. She described,

‘‘I think it’s always important when you’re designing to
take into account multiple different contexts and make
sure that what you’re building works for all of them –
or, understanding which specific contexts you’re build-
ing for. Previously, I think we were doing this thing
where you look at one low resource context and expect
the same in other contexts and I think it doesn’t really
match up.’’

Sarah’s story demonstrated the ways multiple

contextual factors can influence critical use con-
siderations that ultimately impact design decisions,

in her case the design of the storagemechanism.Her

story highlighted how the hospital practices, layout,

resources, access to electricity, and cultural percep-

tions of ‘‘expensive’’ all played a role in her team’s

decisions. One design decision can require multiple

contextual factors to be considered – in her case, she

evaluated if attaching the device to the hospital wall
would be appropriate across hospitals universally

or if a more flexible product (i.e., attachment for

walls and tables) would be needed for different

contexts. Sarah’s story demonstrated her under-

standing that either the design or its intended use

context can be adjusted to ensure a proper design-

context match.

4.3 Narrative 3: Jacob

Jacob is an electrical engineer from Sub-Saharan

Africa with eight years of design experience. Several

years ago, he co-founded a company to develop

technologies to improve health outcomes of vulner-

able communities. He led the development of a

device and information system to diagnose a pre-

valent disease in a specific country in Sub-Saharan
Africa. His project started out as a diagnostic tool

and then transitioned into a larger information

service. He shared,

‘‘As we were working on a diagnostic device, we
realized that there is an opportunity, as requested
from our patients, to digitize the processes because
most of the healthcare processes are paper-based,
right? We realized as we were collecting feedback and
doing field testing with the device that a lot of data was
being lost in that process. We saw this as an opportu-
nity and said we could capitalize on building out digital
surveillance systems specifically for the spread of this
disease – where we have a patient come in and all that
process is digitally mapped out and can be recorded,
which can help the health facility get all those details
and report to the district in a more organized manner.

So, after realizing that, we created these digital tools,
and we rolled them out in some of the network
hospitals that we’ve been working with. Then, we
saw people starting to use the tools to organize their
documents at the point of care. Also, hospitals are
starting to use these tools to help them report in their
weekly reports to the Health Ministry.’’

As Jacob described, although his original plan

was to develop a diagnostic tool, he identified an

additional opportunity to improve data manage-

ment for patients and the hospitals, as well as to

help with reporting to the local health ministries to

improve local datasets. Because of the nature of this

project, Jacob focused on engaging with local

government officials throughout his design process.
He described,

‘‘In Africa, by policy, most of our healthcare is sub-
sidized by the government. So, the government writes
most of the policies of healthcare and most of the
money going into healthcare in Africa is from devel-
opment aid handled by the government. This makes
the government a key critical player in any healthcare
intervention or innovation that you’re trying to
create.’’

Early on, Jacob was sure to identify any relevant

laws that his project would need to comply with

(political: regulations and regulatory processes). He

described new regulations related to healthcare

data storage that drove the direction of some of

their product decisions. He shared,

‘‘Inmy country, we have a new data act that came out a
few years ago that defined that all healthcare data
belongs to the patients, and it shouldn’t be housed on
international servers and things like that. So, in these
contexts, if you understand this before you start
developing, it will influence the direction of your
product. But, if you do not know that, then you’ll
have to readjust your strategy to fit into their policy
frameworks.’’

Jacob worked closely with government officials

and treated them as partners to design with, rather
than clients to design for. In this way, he was able to

engage with them more deeply and receive advice

and clearances. He shared the need for their support

and connections to local hospitals,

‘‘When you look at the government, others look at
having the government as their clients. But it’s hard to
have the government as a client in healthcare, I would
rather have the government as a partner, so that they
buy in.We started by trying to engage at a district level
and tried to get the district health officers or officials
involved. And then these district health officials were
able to give us clearance to go and work. Also, some of
them are able to advise in the hospitals that we work
with. So, they were able to give us this clearance and a
list of a few hospitals that we can reach out to and see
how we can partner with them.’’

He engaged with government stakeholders

during the early stages of his design process.
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Jacob described the need to build rapport to get

their interest and support (political: stakeholder

power dynamics), which ultimately enabled him to

move quickly in his design process. He shared,

‘‘It takes time. It’s not that the first time you go in is the
first time they’re going to listen to you. So, you need a
lot of continuous back and forth to make sure that you
get tangible support. Because if you get, for example, a
recommendation from a ministry, that’s going to help
you move into any district and get a full out signature
from a district health commissioner and then move
into any health facility as you wish. So that top-down
approach helps you lift a lot of weight and then helps
your implementation move a little bit faster.’’

Importantly, Jacob clarified the importance of

remaining neutral with respect to local political

figures and parties (political: political systems and

culture). Even though he had invested a lot of time
engaging with local government officials, he was

careful to not attach his product and service to a

particular politician or political movement that

may change or lose political power. He described,

‘‘You have to be as neutral as possible for any products
that are going to last in this economy because if your
product is depicted as a product that is pro-some-
politician and that politician leaves, then other
people will not use that product ever again. So you
have to be very, very careful. Because, to the politi-
cians, they want a good product to come up as their
initiative and many start-ups fall for that.’’

In addition to government stakeholders, Jacob

frequently met with domain experts to identify

future directions for his company’s services. He
organized quarterly stakeholder meetings to bring

in people with various experiences that could

inform his design. He shared,

‘‘We have those continuous engagements at the differ-
ent levels. The other quarter we met with different
experts trying to pick their brains on what they think
the future looks like when we talk about digital disease
surveillance and how can that be made better.’’

Another critical stakeholder group for Jacob was

hospital administrators. He paid close attention to
them to get their buy-in while he was designing the

diagnostic device (political: stakeholder power

dynamics), and later to identify additional require-

ments for the device and service based on the needs

and constraints at the hospitals (institutional: exist-

ing practices and procedures). By engaging with

hospital administrators, he uncovered their need

to regularly share information with the govern-
ment, who was funding them. Jacob described his

process for incorporating this contextual need,

‘‘To the hospital administrators, their main worry is,
‘how do wemake sure that we serve patients better and
how do we report better,’ because that’s their main
role. If it’s a government facility, they have to make
sure that the processes are all right. So, they need that

data weekly to make sure that they can report their
cases that are coming in and they can do procurement
for medicines and other kits that they want. The easier
you make that for them the better. So we have
improved that, we’ve rolled out things like SMS
notification, every Friday we send out messages of
the total number of disease cases each hospital got
that week. We also do the same landscape report for
the country’s health demographic program, send them
a debrief of how the week has been and of cases versus
the cases that have been received last week. This has
actually helped us increase engagement at the hospital
level – of course, adoption is always slow but they
started realizing this value – all those insights are from
our continuous engagements.’’

When pitching to different groups of stake-

holders to collect investments, identify future cli-

ents, or develop partnerships, Jacob emphasized the

need to thoughtfully frame and focus on different

aspects of the project (political: stakeholder power

dynamics). Although his solution was designed to
meet multiple needs, he intentionally chose which

features and intended outcomes he discussed with

different stakeholders to ensure that he was discuss-

ing aspects that mattered most to each stakeholder

group. He described the differences,

‘‘It is different if you’re talking to a person in the
‘development and aid world’ versus a person in the
private sector because their needs and interests are
different. In the ‘development and aid world,’ it’s more
about impact and numbers of lives saved. So, the way
you pitch such a person to get, let me say, a possible
client with a possible partnership is very different.’’

Although his work to date has focused on one

country, Jacob has deliberately considered interna-

tional standards that would allow him to poten-

tially scale his product in different contexts in the

future (political: regulations and regulatory pro-

cesses). If he only concentrated on meeting the

regulations in one country, he would face problems
later on if he chose to implement in other countries,

including potentially needing to redesign features

and navigating recertification processes. He shared,

‘‘And for us, in our context, when we talk about
standards – both at the hardware level and software
level – you realize that if you want to do a multi-
national business and you’re only targeting a country-
level standard, it’s hard to scale. That means you will
be filing for a standard check in every country. So, for
us, strategy-wise, what we have been able to do is go
back and look at what global standards are acceptable
in the countries that we want to eventually deploy in –
then try to see what it means to go after that standard,
that certification.’’

Jacob emphasized that identifying many of these

contextual factors, particularly those related to the

political environment, was critical during the early

design stages to define the solution space and

identify pathways forward. He described,
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‘‘It’s always key to think about contextual factors as
early as possible. I think these hold a very key position
in the success of a business. And it doesn’t mean you
can’t iterate and come back and try whatever things,
but it helps you know the direction you want to take
from the point where if you look at it from this global
view. We should be thinking about those things at an
early stage so that we can judge the pros and cons of
each, understand them, and define a pathway.’’

Jacob’s story presented examples of incorporat-

ing the political context, by engaging with decision-

makers across multiple levels (e.g., hospital admin-

istrators and government officials) and deeply

understanding the formal (e.g., regulatory) and

informal (e.g., connections and rapport) political
structures in place. His story suggests that in

countries where the government is deeply involved

in healthcare, designers should pay careful atten-

tion to political stakeholders – those who hold

decision-making power and can help progress or

hinder a design process. Engaging with powerful

stakeholders is not only necessary to identify addi-

tional constraints and requirements for the solu-
tion, but also important to help streamline and

progress the process, ultimately helping designers

integrate their solutions into existing social and

political structures.

5. Discussion and Implications

Scholars recommend that design practitioners in

global health settings deeply understand the context

where they aim to implement [3]. Our case-based

narratives presented detailed accounts of how

experienced practitioners have investigated context

and incorporated contextual factors into their

design processes. The practitioners in these narra-

tives followed design processes that focused on
conducting meaningful engagements with stake-

holders and developing deep understandings of

use contexts. While designing devices for use in

multiple countries, Sarah and Michael engaged

with hospitals in different global regions to identify

critical contextual constraints. Jacob, who devel-

oped a solution for one specific context, worked

closely with government stakeholders and carefully
considered the political context in that region. Our

prior analysis [16] identified several fundamental

approaches used by design practitioners when

designing within global health settings. For exam-

ple, they engagedwith a broad set of stakeholders to

identify critical contextual factors and incorporated

these considerations into their products’ features

and implementation strategies or by narrowing the
target context to find a suitable ‘‘match.’’ Partici-

pants were also iterative and reflective throughout

their design processes and remained attuned to new

contextual information that may affect their design

outcomes. The findings in this study, presented in

the form of narratives intended to be used in

educational settings, expand on these themes and

add additional nuance and depth. The narratives

can be used in educational settings to expose novice

engineering designers to examples of ways design
practitioners incorporate contextual factors during

design work.

5.1 Themes Across the Narratives

The narratives highlighted the importance of build-

ing relationships and engaging with stakeholders

across multiple levels. Michael’s story showcased
an example of paying close attention to the needs of

direct stakeholders, such as the nurses who operate

his device. By closely engaging with these stake-

holders, Michael identified key contextual con-

straints to integrate into his solution’s features.

Jacob’s story highlighted an example of considering

various stakeholders, such as funders, government

officials, and hospital administrators. Jacob was
attuned to the visions and goals of each of his

stakeholders and carefully integrated their needs

into his solution. He saw his stakeholders not as

clients, but as partners. Indeed, partnerships are

critical for progress towards the UN Sustainable

Development Goals (SDGs) [43], such as SDG 3:

GoodHealth andWell Being. Scholars suggest that

good partnerships include commitments to devel-
oping strong relationships to build trust, grow

inter-organizational understanding, and encourage

the coproduction of solutions [44, 45]. Our findings

add that building relationships and rapport with

stakeholders across multiple levels enables identifi-

cation of context-specific needs and constraints

during design processes.

The narratives also described how first-hand
observations of the use context were critical to

identifying contextual factors that would otherwise

be undiscovered. Indeed, prior work has demon-

strated the value that first-hand observations bring

to global health interventions [46]. Our narratives

highlight some key examples of this value in engi-

neering design processes. For example, Michael

witnessed nurses placing two newborns under a
single therapeutic device, which would typically

lead to ineffective results. To fit this practice,

which in part was due to the hospital being over-

whelmed with patients, Michael redesigned the

device to accommodate two newborns being treated

by the device at one time. Like many contextual

factors, they may appear subtle, yet they have the

potential to lead to critical differences in health
outcomes related to their use. It is important to

note that Michael chose to address this practice by

changing the device’s design versus assuming that

the end users would always follow on-label use
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standards [47] or by trying to change the end users’

behaviors. Instead, he recognized a root cause of

the end users’ behaviors, which was that the hospi-

tal was overburdened, and accounted for this con-

textual factor when developing specifications.

The practitioners presented in the narratives
visited the use contexts regularly during their

design processes, letting contextual factors emerge

rather than follow prescribed contextual frame-

works. Sarah’s story highlighted how bringing

prototypes into the use context enabled additional

considerations to emerge, allowing her design team

to explore a critical design question: How will the

device be stored and charged? Jacob’s story high-
lighted how his openness and regular engagement

with stakeholders in the use context led to identify-

ing additional value propositions, in his case, to

incorporate a digital service alongside the diagnos-

tic device. Ultimately, these adaptive approaches

led the practitioners to develop solutions that

would bemore usable and thus have amore positive

impact in their intended contexts.
Additionally, the narratives showcased examples

of intentionality when identifying use cases and

designing for their contextual constraints. Sarah

and Michael had to choose between urban or

rural hospital settings due to differences in

resources and hours of operation. They looked for

a ‘‘match’’ between contextual factors, stakeholder

needs, and their solutions. Ultimately, they made
explicit statements regarding the contexts in which

they recommended their products be used. These

findings contradict some traditional approaches in

global health, particularly the Appropriate Tech-

nologymovement, which emphasized creating solu-

tions ‘‘cheap enough’’ to be used by everyone,

assuming universality that often neglects other

social and institutional contextual factors [7].
Instead, these narratives highlighted how designers

applied rigorous design processes in global health

settings and intentionally identified suitable use

contexts; they also acknowledged the limitations

of their solutions and did not oversell their pro-

ducts’ potential use scenarios.

All narratives highlight how engineering

designers balanced universal and context-specific
design considerations. For example, although

Jacob has only worked on implementing his solu-

tion in one country, he intentionally followed inter-

national guidelines so that he does not have to adapt

some design aspects if he chooses to scale to other

locations in the future. Additionally, Michael’s

narrative highlighted the work and effort he put in

to developing a device that could work acrossmulti-
ple contexts while also recognizing that some

aspects (e.g., instructions and labels) needed to be

context-specific, aligning with prior literature that

recommends the development of culturally-suitable

instructions and graphics for global health solutions

[48]. Sarah’s narrative provided an example of

designing a feature to be adaptable by users so

that her team did not need to develop customized

features for multiple use contexts.
While these narratives offer only a small window

into these participants’ approaches to developing

solutions and incorporating contextual factors, it is

important to note that each participant did not

consider every possible contextual factor. Instead,

they focused on allowing contextual factors to

emerge during stakeholder engagements and first-

hand observations. Participants regularly brought
prototypes into the context and followed an open-

minded and adaptive approach to iteratively incor-

porate contextual information as it arose. This

finding builds on prior work that suggests that

engaging stakeholders with prototypes is one way

to identify relevant contextual information [13, 26,

49]. Participants also focused on building relation-

ships within the use context and remained attuned
to stakeholder values and contextual constraints.

Each participant’s story highlighted different ways

to adeptly consider contextual factors within engi-

neering design, emphasizing that incorporating

contextual factors is not a prescriptive process,

but a nuanced and iterative one.

5.2 Design Education Implications

Each narrative provided a unique perspective and

real example of navigating complex contextual

information. Since engineering students face var-

ious challenges when trying to incorporate contex-

tual factors into their curricular and co-curricular

design processes [50, 51], the narratives provide

instructors with a specific tool that presents exam-
ples of practitioners navigating broad contextual

information and deciding when certain information

should be incorporated into their design work. For

inexperienced designers, we recommend instructors

follow a case-based learning approach to facilitate

interpretive and analytic discussions with the nar-

ratives, focusing on how the characters gathered,

synthesized, and applied contextual factors into
their design processes. Alongside the narratives,

instructors can use The Context Cards [42], which

include the full list of contextual factor classifica-

tions and categories identified in our prior work.

5.3 Limitations

This study design did not allow us to connect

participants’ methods to specific design outcomes
or make claims about their ultimate design success,

and highlighted incorporation of contextual factors

by a limited number of participants. Findings

presented in this study may not be representative
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of the broader field of global health design practice

and may not be transferable to other design

domains. Further, we collected data through retro-

spective interviews and participants likely did not

recall all examples of incorporating context.

6. Conclusion

Our findings provide in-depth examples of three

design practitioners’ experiences incorporating

contextual factors into global health design pro-

cesses. We sought to develop narratives that could

be used during case-based learning approaches to

present examples of practitioners navigating broad

contextual information and deciding when certain

information should be folded into their design
process. The aim for developing these narratives

was to expand the existing tools and techniques

available to teach incorporating context into engi-

neering design curricula.We recommend that early-

career engineering designers, especially those who

aim to work in global health settings, learn from the

experiences presented in the narratives to inform

their own mindsets and methods. Designers should
be aware and knowledgeable of the different types

of contextual factors thatmay influence their design

process and outcomes. Specifically, design practi-

tioners should regularly conduct first-hand obser-

vations, develop meaningful relationships with

stakeholders, and use iterative and adaptive

design approaches that allow for contextual factors

to emerge throughout a design process. The three
narratives can be used in case-based learning set-

tings to help demonstrate how contextual factors

can be incorporated in design processes, and expose

students to the breadth of contextual factors that

may influence their work. The findings from this

work have implications for engineering design

pedagogy and, ultimately, the potential to support

engineering students’ acquisition of skills related to
incorporating contextual factors into design pro-

cesses.
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