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Abstract

Introduction: Virtual clinics are an emerging form of telemedicine which can positively impact healthcare accessibility in
remote, rural, and underserved areas. However, a virtual clinic system for these contexts must be designed appropriately.
The user-centered design method can be employed to develop an appropriate virtual clinic.

Methods: The development of the virtual clinic used the user-centered design method. First, a situational analysis was con-
ducted to understand the context of public primary healthcare facilities in South Africa. Literature review, observations, and
interviews were conducted, which then informed system requirements. A virtual clinic system was then developed and its
usability was evaluated with doctors and nurses in a lab setting using healthy participants acting as patients. Doctors and
nurses completed system usability scale surveys and provided interview feedback.

Results: The situational analysis revealed 10 key themes which were translated into a problem statement and 10 system
requirements. A virtual clinic system was then developed based on these requirements. 5 doctors and 11 nurses were
recruited to complete usability testing with the system. The system received an average of 80.6 scores (good to excellent)
out of 100 on the system usability scale. Feedback from participants revealed key areas for improvement of the virtual clinic
system, as well as opportunities for further implementation.

Conclusion: The developed virtual clinic system demonstrated the application of the user-centered design method to tele-
medicine technologies for remote, rural, and underserved areas. The positive feedback received from the participants
demonstrated the importance of the user-centered design method in developing technologies for enhancing service delivery
in health systems. Further work will implement this system in real-world clinical settings.
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Introduction
Virtual clinics are a form of telemedicine that allow
clinicians to provide health services by connecting with
patients or other clinical staff through virtual means.1

During the COVID-19 pandemic, many health facilities
began to offer virtual clinic appointments as an alternative
to reduce transmission of the disease.2,3 However, virtual
clinics can provide advantages that span much further
than the reduction of disease spread. In areas that lack
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doctors, virtual clinics can provide access to expertise
which can improve the quality of healthcare.4 Furthermore,
virtual clinics can decrease wait times and travel costs for
patients.5 When developed correctly, virtual clinics have
the potential to improve healthcare outcomes for areas with
limited doctors. One of the areas most affected by doctor
shortages is remote, rural, and underserved areas in
sub-Saharan Africa. There is a lack of medical expertise in
these areas due to the migration of skilled workers to urban
areas and other countries.6,7 As a result, up to 77% of rural
populations in sub-Saharan Africa are unable to access
healthcare due to health worker shortages.8 Urban under-
served areas, such as townships in South Africa, should
also consider virtual clinic implementations, as populations
here often struggle to access doctors.9 There is therefore an
opportunity to introduce virtual clinics into remote, rural,
and underserved areas, which can address doctor shortages
and improve accessibility to healthcare.

Virtual clinics have already proven successful at improv-
ing health outcomes for specific use cases. Mental health
services,10 specialized burn care,11 and cardiovascular eva-
luations12 have demonstrated the ability of virtual clinics to
connect underserved areas to specialist doctors. Primary
care has also been of interest, with proposed implementa-
tions in Pakistan,4 Zambia,13 and India.14 However, imple-
mentation of primary care virtual clinics has not been
widely reported. Often, when telemedicine solutions are
proposed for remote, rural, and underserved areas, they
can become unusable due to broken equipment, lack of
training, and overall disinterest of stakeholders.15

Considerations of network access, infrastructure, power,
and digital literacy are disregarded, leading to failure of
implementation.16 With proper consideration, these chal-
lenges can be mitigated through user-centered design
methods.

Problem statement and aim

South Africa is considered an upper-middle income
country,17 but has the least income equality in the
world.18 Up to 84% of the population relies on public
healthcare services provided by the government.19 There
are many remote, rural, and underserved public healthcare
facilities in South Africa which struggle to provide even
basic health services due to a lack of skilled healthcare
workers.20 A virtual clinic that connects doctors to
remote, rural, and underserved health facilities in South
Africa can provide the necessary clinical guidance to field
workers so that more patients can access better quality
primary health services. In this project, the South African
public health system was used as a case study to understand
how virtual clinics can be developed for remote, rural, and
underserved areas. The aim of this research was to develop
a user-centered virtual clinic system for remote, rural, and
underserved areas in South Africa. The user-centered

design process was followed to develop and evaluate the
virtual clinic system in a lab setting.

Methods
The user-centered design methodology was applied to the
design, development, and evaluation of the virtual clinic
system in the following configuration. There are four
steps to the user-centered design process: specify the
context of use, specify requirements, design and develop
solutions, and evaluate solutions.21 First, a situational ana-
lysis was conducted to understand the context, in accord-
ance with the first step of the user-centered design
method. The results of the situational analysis were then
used to develop a problem statement and system require-
ments, satisfying step two. Then, a virtual clinic solution
was designed and developed, fulfilling step three. Finally,
the virtual clinic solution was evaluated by conducting a
usability study, satisfying step four. The steps of the user-
centered design method along with how they were followed
throughout the project are shown in Figure 1. Both the inter-
view study and usability study were approved by the
University of Cape Town Faculty of Health Sciences
Human Research Ethics Committee, applications 783/
2022 and 283/2023. All participants provided written
informed consent to participate.

Situational analysis

A situational analysis is a qualitative methodology that
“draws on interviews, observations, and visual, narrative,
and historical discourse materials” to understand the com-
plexities of a real-world environment.22 Situational ana-
lyses can be used to assess various aspects of healthcare
systems within a specific context, which can then be
applied to the design and development of telemedicine solu-
tions.23,24 The situational analysis conducted for this project
focused on the healthcare environment in South Africa and
telemedicine solutions that exist within this space. The
research aimed to answer the following question: What is
understood about the concept of virtual clinics and the
feasibility of their implementation in South Africa? The
situational analysis consisted of three elements: literature
review, observations, and interviews.

Grey literature review searches were conducted using
Google Scholar. the following key terms were used:
“digital health,” “telemedicine,” “telehealth,” “virtual
clinic,” “healthcare,” and “South Africa.” Literature was
sorted based on publication date, and priority was given
to the most recent articles. A review of titles and abstracts
revealed relevant literature which was then examined
further. One researcher conducted the literature review
and extracted key themes and another independent
researcher reviewed the extracted themes. The search was
conducted over 6 months from July to December 2022.
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Naturalistic, overt, qualitative observations were con-
ducted at three healthcare facilities in the rural town of
Carnarvon in the Northern Cape province of South
Africa. The town has ∼ 6600 people and the local health-
care facilities include a governmental occupational health
clinic, the local clinic, and the local hospital.25 The location
of observation was selected due to its existing relationship
with the research institution and interest in implementing
a virtual clinic solution. Each healthcare facility was
observed during working hours. Notes were taken on equip-
ment, services provided, challenges faced, and other key
information. One member of the research team conducted
observations and another member of the research team
reviewed the observations and codes developed for the the-
matic analysis.

Semi-structured interviews were conducted with key sta-
keholders, which belonged to the following categories:
doctors, nurses, patients, government entities, and industry
members in healthcare and telemedicine in South Africa.
The recruitment process for interviews followed the snow-
ball method, where doctors who had previously expressed
interest in digital health were first approached and inter-
viewed.26 These participants then recommended other par-
ticipants from various stakeholder groups, who were then
approached and interviewed. This process was followed
until 14 participants were recruited. Interviews were con-
ducted virtually through Microsoft Teams. Participants
were asked about their experience with telemedicine, their
attitudes toward telemedicine solutions, and the challenges
they have encountered within the public healthcare sector.

The audio of each interview was recorded and transcribed.
Interview transcripts were analyzed through thematic ana-
lysis using NVivo qualitative data analysis software. The
constant comparative method (CCM) and strengths,
weaknesses, opportunities, and threats (SWOT) method-
ology were used to conduct the thematic analysis, which
resulted in the synthesized themes.27–30 CCM involves
three rounds of coding, which output open, selective,
and axial codes. Axial codes were defined as the four
SWOT categories.

After interview coding was completed, the main themes
from the literature review, observations, and interviews
were synthesized to develop a problem statement and
system requirements for a virtual clinic. Notes from the lit-
erature review and observations were coded based on the
CCM/SWOT thematic analysis as used during interview
coding. The resulting 10 axial codes were then used as
system requirements. The selective, axial, and open codes
developed during the thematic analysis are included in
Supplemental Material A.

Design and development

The design process began by defining the system and iden-
tifying the key subsystems in accordance with systems
engineering concepts.31,32 Then, a selection process was
followed to determine appropriate medical devices for the
system. Collections of digital medical devices paired with
integrated software, known as telemedicine kits, were
investigated. Existing telemedicine kits were defined, and

Figure 1. How the user-centered design method was followed to develop a virtual clinic system.
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a decision matrix was used to choose the best kit for the
clinic.

The decision matrix, developed by Pugh, is a tool used to
compare similar products based on the specific needs of a
project.33 First, evaluation criteria are defined and weighted
based on importance. Then, a baseline is established, which
is defined as the current product or solution in use. Then, the
products to be compared are evaluated based on each of the
criteria as performing better (worth 1 point), at the same
level (worth no points), or worse (worth −1 point) than
the baseline product. These raw scores are multiplied by
the weight of each criterion category and added up to
result in a total point value for each product being
compared.

Following the Pugh methodology, evaluation criteria
were first identified and weighted.34 The 1–5 weighting
method was used, where 1 is the weight of the least import-
ant criterion and 5 is the weight of the most important cri-
terion. The baseline was identified as the Tytocare
TytoHome virtual clinic solution, as this was a widely avail-
able and utilized virtual clinic solution in South Africa.34

TytoHome is a mobile-compatible virtual clinic system
that utilizes an adjustable module to send stethoscope
audio, ear/nose/throat video, and vital signs to a remotely
located doctor during virtual video consultations. A modi-
fied baseline was defined for this project, where the
Tytocare was used to define four of the criteria (basic diag-
nostics, extra diagnostics, open source devices, and local-
ity), and the allocated budget for the project was used to
define the price criterion. The telemedicine kits were then
ranked in comparison to the baseline, with 1, 0, or −1
points being assigned. Table 1 outlines the evaluation cri-
teria definitions and weighting used to perform the analysis.
The points were summed and weighted for each kit, and the
highest point total was selected for the virtual clinic.

The virtual clinic included both hardware (medical
devices) and software components, which are outlined in
the system architecture in Figure 2. The virtual clinic soft-
ware was a web application, which was developed using
agile practices with the Kanban framework. The agile
approach to software development aims to produce
outputs quickly and efficiently.35 There are six phases of
the agile practice: concept, inception, iteration, release,
maintenance, and retirement. The web application com-
pleted the first four phases of agile development, using
the Kanban framework during the iteration phase. The
Kanban framework provides a way to organize and stream-
line tasks for the development of a project.36 The first
release of the software, combined with the hardware com-
ponents, was used for evaluation.

Evaluation

Usability testing was conducted in a lab setting with end
users of doctors and nurses to gain feedback and improve Ta

bl
e
1.

D
ec
is
io
n
m
at
ri
x
ev
al
ua
tio
n
cr
ite
ri
a.

Cr
ite
ri
on

D
es
cr
ip
tio
n

W
ei
gh
t

(+
1)

D
efi
ni
tio
n

(0
)
D
efi
ni
tio
n

(−
1)

D
efi
ni
tio
n

B
as
ic
D
ia
gn
os
tic

Ca
pa
bi
lit
ie
s

Ki
ts
w
ith

de
vi
ce
s
th
at

ch
ec
k
vi
ta
l
si
gn
s
(h
ea
rt

ra
te
,
bl
oo
d
pr
es
su
re
,
re
sp
ir
at
io
n
ra
te
,

te
m
pe
ra
tu
re
)
an
d
ha
ve

a
st
et
ho
sc
op
e

5
Co
nt
ai
ns

ca
pa
bi
lit
ie
s
to

m
ea
su
re

ba
si
c
di
ag
no
st
ic
in
fo
rm

at
io
n
(v
ita
l

si
gn
s
an
d
st
et
ho
sc
op
e)

H
as

th
e
sa
m
e
ba
si
c
di
ag
no
st
ic
s
as

Ty
to
ca
re

(t
em

pe
ra
tu
re

an
d

st
et
ho
sc
op
e)

D
oe
s
no
t
ha
ve

te
m
pe
ra
tu
re

an
d/
or

st
et
ho
sc
op
e
di
ag
no
st
ic
s

Ex
tr
a
D
ia
gn
os
tic

Ca
pa
bi
lit
ie
s

Ki
ts
w
ith

ad
di
tio
na
l
di
ag
no
st
ic
to
ol
s
th
at

pr
ov
id
e
ad
di
tio
na
l
he
al
th

da
ta

4
H
as

m
or
e
th
an

on
e
ad
di
tio
na
l

di
ag
no
st
ic
de
vi
ce

H
as

on
e
ad
di
tio
na
l
di
ag
no
st
ic

(T
yt
oH

om
e
ha
s
an

ot
os
co
pe

as
an

ad
di
tio
na
l
di
ag
no
st
ic
de
vi
ce
)

D
oe
s
no
t
ha
ve

an
y

ad
di
tio
na
l
di
ag
no
st
ic

de
vi
ce
s

O
pe
n
So
ur
ce

D
ev
ic
es

Ki
ts
w
ith

de
vi
ce
s
th
at

ca
n
in
te
gr
at
e
w
ith

th
ir
d-
pa
rt
y
so
ftw

ar
e
(r
at
he
r
th
an

ex
cl
us
iv
el
y
w
ith

pr
op
ri
et
ar
y
so
ftw

ar
e)

3
D
ev
ic
es

ar
e
op
en

so
ur
ce

D
ev
ic
es

ar
e
no
t
op
en

so
ur
ce

(T
yt
oH

om
e

do
es

no
ta
llo
w
fo
r
th
e
de
vi
ce
s
to
w
or
k

w
ith

ou
ts
id
e
so
ftw

ar
e)

N
/A

Lo
ca
lit
y

W
he
re

th
e
ki
t
an
d
de
vi
ce
s
ar
e
pr
od
uc
ed

2
Pr
od
uc
ed

in
So
ut
h
A
fr
ic
a
or

su
b-
Sa
ha
ra
n
A
fr
ic
a

Pr
od
uc
ed

in
te
rn
at
io
na
lly

N
/A

Pr
ic
e

W
he
th
er

th
e
pr
ic
e
is
w
ith
in

th
e
al
lo
ca
te
d

bu
dg
et

(R
50
k)

1
W
ith
in

bu
dg
et

(<
R
50
,0
00
)

A
t
bu

dg
et

(R
50
,0
00
)

A
bo
ve

bu
dg
et

(>
R
50
,0
00
)

4 DIGITAL HEALTH



the system further. Each doctor and nurse participant took
part in a task completion session, utilizing healthy partici-
pant actors as mock patients, to gain a basic understanding
of the system. Tasks involved adding simulated patient
information to the system, conducting a virtual consult-
ation, and reporting a maintenance issue. Tasks were spe-
cific to the nurse and doctor participant groups. The study
consisted of two types of participants: practicing medical
doctors and practicing nurses. A total recruitment of five
participants per group was targeted, as the literature recom-
mends that five users can identify up to 80% of usability
issues with a system.37 Figure 3 displays an overview of
the study design for each participant group. Doctors and
nurses participated as end users of the virtual clinic
system and provided feedback in individual sessions.
Healthy subjects were used during nurse sessions to simu-
late real consultations with patients. Doctor and nurse par-
ticipants first watched a video tutorial on how to complete
the task. The video tutorials were developed specifically
for the virtual clinic system and were available in the
resources section of the web application. The videos
allowed participants to familiarize themselves with the
system before using it. Then, the participant would com-
plete the associated task. Each participant would repeat
this cycle for each of the tasks they were assigned.
Doctor participants used a PC in a lab setting to access
the virtual clinic web application. A researcher sat in a sep-
arate room and acted as a field nurse and patient to mimic
the remote setup of a true virtual clinic consultation.
Nurse participants used a laptop to complete tasks with
the virtual clinic system. Healthy subjects participated as

mock patients during nurse usability evaluation sessions.
This was done to simulate a real-world experience of the
virtual clinic system to promote a more realistic experience
and to receive more useful feedback.

After the tasks were completed, the users ranked the
system based on the system usability scale. The system
usability scale is a method of evaluating both hardware
and software systems with end users. The system usability
scale consists of a survey with ten statements that the par-
ticipant must rank on a Likert scale.38 Users also provided
both verbal and written feedback. Users filled out four free
response questions and then elaborated further during an
interview session. Interviews were recorded and tran-
scribed, then analyzed using NVivo software. Responses
were coded using the CCM with the SWOT method,
which was also used during the interview analysis.

Results

Situational analysis

The situational analysis revealed key takeaways about tele-
medicine and healthcare in South Africa. The literature
review revealed 11 key themes, which were supported by
the work done by Faruk et al.16 on factors affecting tele-
medicine implementations in sub-Saharan Africa. South
Africa was examined using a modified version of these
factors, which were poverty, prevalent primary health con-
ditions, security and safety, workforce shortage, stake-
holder adoption, health information systems, network
connection, electricity, technical cost and maintenance,

Figure 2. Virtual clinic system architecture with five components.22
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language, and digital literacy. The literature revealed the
state of South Africa in relation to these factors, where
then the key themes for use in developing a virtual clinic

solution were identified. These themes are described in
Figure 4.

Observations were conducted at three sites in the
Northern Cape province of South Africa over the course of
one day. A government occupational health facility was
observed first. The facility provides primary care to
roughly 150 employees at the site. There is a nurse practi-
tioner who runs the clinic and a doctor who visits once
every two months to provide care. The nurse provides
basic care and treatment as well as wellness information
for employees. The clinic currently works on a paper-based
system. There are secure storage lockers within the facility
that house patient files. The local clinic was observed next.
The clinic provides primary health services to about 180–
200 patients per day, with approximately twenty staff
members. There is only one doctor who works at the
clinic. Similar to the occupational health clinic, the local
clinic still utilizes a paper-based system for patient record
keeping. The clinic does not have a fiber connection and
relies on 3G mobile networks to access the internet. The
local district hospital was the last site to be observed. Parts
of the hospital were damaged in 2019 during a fire, so
there is currently only one functional unit of the hospital.
Most care is provided by nurses and other healthcare
workers, as the doctor who services the clinic also services
the hospital. Basic trauma care is currently provided, but
cases that require specialist care need to be referred to higher-
level care centers. The closest regional hospital is two hours
away and the closest tertiary hospital is four hours away. The
facilities cite difficulties in recruiting and keeping clinical
staff in the area. From these observations, seven key
themes were determined and are highlighted in Figure 4.

A total of 14 participants were recruited to participate
in the interview study. Two patients, two nurses, two
government entities, one doctor, three industry members,
and four doctors in industry were recruited for interviews,
with the last category being developed to describeFigure 3. Study design overview of usability testing for nurse and

doctor participants.

Figure 4. Themes identified by the situational analysis and their corresponding problem statement with system requirements.
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participants who belonged to both doctor and industry
categories. Industry members with existing virtual clinic
solutions in South Africa were targeted for recruitment, to
capture an understanding of the most relevant existing
virtual clinic solutions. The first round of CCM coding
revealed 26 open codes, which were refined to nine select-
ive codes. These selective codes were then fit into the axial
codes, which were assigned as strengths, weaknesses,
opportunities, and threats in accordance with the SWOT
methodology. The codes are provided here as the
Supplemental Material. In total, this led to the definition
of 10 key takeaways from the interviews. Figure 4 demon-
strates the relationships between the main ideas from the
interviews along with the results from the literature
review and observations. The main ideas were then trans-
lated into a problem statement with 10 system requirements,
which are also shown in Figure 4.

Design and development

Using the system requirements, a virtual clinic system
prototype was developed. The virtual clinic system was

developed to be implemented in existing health facilities
with the support of existing healthcare workers. The
virtual clinic system functions as follows. The patient
enters the health facility and is paired with an onsite health-
care worker. The healthcare worker logs on to the virtual
clinic system and pulls up the patient record. They can
then review the patient’s information and history. If the
healthcare worker needs the support of the doctor for the
case, they will then start a consultation. The remote
doctor will also join the consultation and can chat over
video with the healthcare worker and patient. The doctor
also has access to the patient information and history
through the virtual clinic platform. If needed, the nurse
can collect real-time health data from the patient so the
doctor may review it. This can support clinical decision-
making including diagnosis, follow-ups, and prescriptions.
This information is all stored in real time on the patient
record, where it can be accessed afterward.

Five subsystems were defined, with three software sub-
systems, one hardware subsystem, and one subsystem with
both hardware and software components. The subsystems
are outlined in Figure 5 and include a consultation

Figure 5. Subsystems of the virtual clinic system and their associated components.
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subsystem, an electronic health record subsystem, a help-
desk subsystem, a security subsystem, and a housing
subsystem.

A decision matrix was used to determine the best tele-
medicine kit for use in the virtual clinic system. Figure 6
depicts the workflow of the matrix. Initially, it was deter-
mined that there were 35 unique telemedicine kits offered
on the market. Companies that were unresponsive to
queries about price were excluded, leaving 22 kits remain-
ing. The kits were classified based on the weighted evalu-
ation criterion, which were price, basic diagnostic
capabilities, additional diagnostic capabilities, location of
manufacture, and open-source capabilities. After complet-
ing the ranking process, three kits resulted in the same
point value and the highest score. Each company was con-
tacted via the contact information provided on their web-
sites, requesting further information about their product.

One company did not respond to the contact query, and
one company provided additional information that resulted
in the telemedicine kit being priced at a greater amount than
had been listed. This left only one telemedicine kit remain-
ing, which was the Sojro Classic telemedicine kit. This kit
included a digital stethoscope, digital otoscope, digital der-
mascope, three-lead electrocardiogram (ECG), and vital
signs monitor. A commercial blood glucose monitor was
also added to supplement the kit.

The web application for the virtual clinic was devel-
oped to facilitate consultations between remote doctors
and field healthcare facilities. The conception phase
pulled system requirements from the situational analysis
to determine what specific features must be included in
the web application. Then, mockups of the web applica-
tion were developed during the inception phase. During
the iteration phase, the Kanban framework was used to

Figure 6. Flowchart depicting the process of evaluating telemedicine kits for use with the virtual clinic.
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identify and classify tasks during each iteration. Tasks
went through the four phases of backlog, to-do, in pro-
gress, and done. Three iterations were completed over
the course of 15 weeks, with a total of 27 tasks being com-
pleted as shown in Figure 7.

Evaluation

Sixteen participants were recruited for the usability study,
with n= 5 doctors and n= 11 nurses. Nurses were recruited
from the outpatient department of a public hospital in Cape
Town, South Africa. Doctors were recruited from various

Figure 7. Chart depicting the number of tasks in each of the Kanban stages during the 15-week software development period.

Figure 8. User scores of the virtual clinic based on the system usability scale.
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public clinics and hospitals in Cape Town, South Africa.
Each nurse and doctor participant completed one session
using the virtual clinic system. The system usability scale
scores revealed a total average of 80.6, and individual
scores ranged between the OK and best imaginable categor-
ies.39 The maximum score from both the doctors and nurses
was 100, and the minimum scores were 52.5 and 50,
respectively. These two minimum scores were the only
scores that ranked below the acceptable average of 68.
Figure 8 shows the distribution of scores and a comparison
of the scores to the ranking categories.

During the coding of the verbal and written feedback, a
total of 23 open codes, nine selective codes, and four axial
codes were developed, with the four axial codes using the
SWOT analysis categories. The developed codes are
shown in Figure 9. The feedback from these codes was
then organized into a Kanban chart. Specific pieces of feed-
back were entered into the backlog of the Kanban chart.
These pieces of feedback were then translated into action-
able items in the to-do column. Moving forward, further
development of the system will include completing these
tasks to improve the usability of the virtual clinic.

Discussion

Usability feedback

There were several strengths of the system outlined by par-
ticipants in the usability study. The nurse participants,
when asked whether the system would integrate with
their daily workflow or be a burden, all stated that the
virtual clinic would not add extra tasks to their day-to-day
activities. Although these sentiments may vary during
implementation in a real-world setting, positive buy-in
early on can be a key factor in supporting the future imple-
mentation of digital health solutions. The training
resources were also mentioned to be helpful in facilitating
learning of the virtual clinic system. The videos provided a
level of comfort for the participants when completing
tasks with the system, which is positive when considering
that often, telemedicine solutions are not successful due to
discomfort and resistance to new technology. While many
of the comments regarding the virtual clinic were positive,
feedback was also given which could be used to improve
the system further. Some participants mentioned features

Figure 9. Codes developed from the usability feedback using the constant comparative method with strengths, weaknesses, opportunities,
and threats (SWOT) analysis.
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that could be adjusted regarding the medical devices. For
example, the clinic’s vital signs monitor is a real-time
monitoring device, which is constantly updating the
patient’s measurements in real-time. It was mentioned
that while this level of information may be necessary for
trauma cases, it may not be particularly valuable for
primary health purposes. Written by one of the doctor par-
ticipants was the following statement: “I do not feel the
continuous monitoring is as essential in the clinic
setting. I would rather have a static 12-lead ECG than a
3-lead continuous monitoring [ECG] [for primary care ser-
vices].” Other feedback mentioned that the virtual clinic
consultation platform was missing certain information.
For example, it was highlighted that it is important when
taking patient notes that the clinicians who saw the
patient sign off on their notes, for legal and record-keeping
purposes. This is a consideration that must be integrated
into the system to make it safer and compliant with legal
regulations for medical record systems.

Another consideration brought up by some of the parti-
cipants was the cost of the system. While the system is still
an early prototype, it is important to consider cost, espe-
cially when designing for the public sector of health
care. When selecting medical devices, cost was a factor
considered. Additionally, cost was considered in choosing
third-party integrated APIs, such as Zoom Health. Zoom
Health, which requires a monthly subscription rate, does
provide HIPAA-compliant services for telemedicine
video consultations at a reasonable rate for healthcare pro-
viders.40 However, it is important to note that the system
requirements derived from the situational analysis were
prioritized first. The cost of the system can be optimized
after a working prototype is developed that caters to the
needs of the context. Moving forward, this attitude will
be held in the further development of the system. The
user feedback collected during testing provided valuable
insight into not only how the virtual clinic could be
improved, but also about the overall role of the virtual
clinic in South African healthcare. Initially, the virtual
clinic was posed as a solution to remote, rural, and under-
served health clinics. However, usability testing revealed
that well-resourced public hospitals saw a potential for
the virtual clinic to improve healthcare services within
the facility. Presently, there are databases that are used
for some parts of the public healthcare system. It was sug-
gested that these databases be integrated with the virtual
clinic to allow for a more comprehensive patient record.
The National Health Laboratory Service (NHLS) is the
database where all patient lab results are entered. This
was suggested to be integrated into the system to
promote consistency between records. Additionally,
Vula is a digital service used for referrals within public
health care. Integrating the virtual clinic system to
include Vula referrals would also increase consistency
between records.

One of the biggest threats to the implementation of the
virtual clinic was the digital literacy of end users. When a
system as complex as a virtual clinic is to be implemented,
it can be difficult to implement when users are not familiar
with technology. Several times, age was cited as a reason to
why participants were not completing tasks quickly. Age
along with other factors can affect the digital literacy of a
community. One piece of advice given several times was
to have one “digital champion” within a unit of healthcare
workers who could learn the system and teach it to
others. These realizations highlight the importance of care-
fully developed helpdesk resources. If public facilities do
not have the ability to send staff for training on new tele-
medicine systems, there must be a robust support system
for them to access if they have issues with the system.
Another observation made was the overall resilience to
learn a new system when the participants saw the benefit
of the system. For those who were unfamiliar with compu-
ters, they stated that despite this fact they would be willing
to learn how to use the system and that they could get better
over time, because they saw the value that the system would
bring to their work and to their patients. Moving forward,
the resources for the virtual clinic will be prioritized to
maintain and improve the ability of non-digitally literate
users to succeed with the system.

Application of user-centered design methods

The application of the user-centered design method to the
development of the virtual clinic provided a structured
guideline on how users should be involved in the develop-
ment of telemedicine solutions. By understanding the rele-
vant context through the situational analysis, considerations
of remote, rural, and underserved areas were able to be
better understood and designed for. Furthermore, the inclu-
sion of users early in the prototyping stages of the develop-
ment allowed for the design to be tailored to the necessary
needs of remote, rural, and underserved areas. Those who
wish to innovate in the telemedicine space for remote,
rural, and underserved areas should consider this case
study when researching how to employ the user-centered
design method in their work.

Key limitations

The limitations of the work conducted include the setting of
the situational analysis, the laboratory setting of the usabil-
ity study, and the current limited clinical evidence regarding
the virtual clinic solution. The virtual clinic system is still in
the early stages of development, and therefore still requires
further development before long-term implementation in a
clinical setting. While the methods used in this project are
transferrable to anyone designing in the telemedicine
space, the results captured from the situational analysis
and usability studies are specific to South Africa and the
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South African public health system. It is important to note
that the user-centered design process is inherently user-
specific, and therefore it is unlikely that the needs of
other contexts will exactly mimic those discovered in this
project. Furthermore, the virtual clinic designed in this
project is a prototype system, which was evaluated first
based on usability. Future work will improve the virtual
clinic system based on the feedback collected, and work
to first implement the system in the short-term at select
remote, rural, and underserved health facilities, and after-
ward look toward long-term implementations. Additionally,
a key component of the virtual clinic system is its ability to
operate successfully under different communication network
systems. The performance of the developed virtual clinic
systemwas therefore evaluated under different network condi-
tions in remote, rural, and underserved areas, and the results
have been published separately.41 Ultimately, the virtual
clinic system will continue to employ the user-centered
design method throughout its development and implementa-
tion, until successful long-term implementation is achieved.

Conclusion
The user-centered design method was employed throughout
the development of the virtual clinic system. The informa-
tion gathered from the situational analysis provided an
understanding of the relevant context, which was
remote, rural, and underserved primary healthcare facil-
ities in South Africa. This led to the development of
system requirements for the virtual clinic, which were
used during the design and development of the system.
The resulting system was then evaluated for its usability
with real end users. The results from the system usability
scale and user feedback indicate that the system is suitable
even for users who may not be digitally literate. While
results were positive for usability, there was much feed-
back provided on ways to further enhance the system.
These improvements will be incorporated into future pro-
totypes of the system. Additionally, future work will
explore the validation of other key elements of the
virtual clinic, such as data security and clinical efficacy
in the field.
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