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Abstract

Background: The Person Based Approach is a method to incorporate users perspectives from the earliest stages of design for
interactive digital health interventions (IDHIs). However, it does not explicitly describe the iterative stages of design and
evaluation that are essentia in moving from early planning to deployment. For this, we draw on methods from
Human—Computer Interaction (HCI). Such methods have been developed for a variety of different contexts and drawing on
different resources.

Objective: To reflect on the adaptation and synthesis of the Person Based and HCI approaches to developing IDHIs.  We
describe a case study in which we used both approaches to develop EPIC-HIV1, an IDHI to support men living in a resource-
constrained setting, rural KwaZulu-Natal, South Africa. EPIC-HIV was intended to support men to make an informed choice
about whether to take an HIV testing and, if necessary, engage in the care process.

Methods: We conducted a retrospective analysis of the documentation generated during the development of EPIC-HIV1
including findings about requirements, design representations and the results of iterative rounds of testing. The analysis sought to
construct a narrative on the process, the outcomes, and the strengths and limitations of the design and evaluation methods
applied. We also present the design of EPIC-HIV 1 and an account of considerations when designing for hard-to-reach peoplein
such settings.

Results: The Person Based Approach was applied to deliver afirst prototype. This was effective in identifying key messages to
convey and how to manage issues such as user privacy, but the resulting prototype was judged by the team not to be engaging for
potential users and there were concerns about whether the design was inclusive of people with low digital or hedlth literacy. We
therefore drew on methods from HCI to iteratively refine the app. Working with representatives of the local community, we
conducted three cycles of refinement, adapting and retesting EPIC-HIV1 until no further changes were needed. Key changes
included making it clearer what the consequences of selecting particular options in the app were and changing wording to
minimize misconceptions (e.g., that the app would test for HIV).

Conclusions. Techniques for developing IDHIs need to be situationally appropriate. The Person Based Approach enabled us to
establish both empirical data and theory to design the content of EPIC-HIV1 but it did not directly address questions about
interaction design that were necessary to make the app usable and effective for the intended users; HCI techniques that were
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tailored to the setting enabled us to refine the app to be easy for men with little familiarity with digital technologies to use within

the constraints of the setting. Iterative testing ensured the app was engaging and that the intended clinical messages were
communicated effectively.
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Abstract (up to 450 words)

Background: The Person Based Approach is a method to incorporate users’ perspectives from the
earliest stages of design for interactive digital health interventions (IDHIs). However, it does not
explicitly describe the iterative stages of design and evaluation that are essential in moving from
early planning to deployment. For this, we draw on methods from Human—Computer Interaction
(HCI). Such methods have been developed for a variety of different contexts and drawing on
different resources.

Objective: To reflect on the adaptation and synthesis of the Person Based and HCI approaches to
developing IDHIs. We describe a case study in which we used both approaches to develop EPIC-
HIV1, an IDHI to support men living in a resource-constrained setting, rural KwaZulu-Natal, South
Africa. EPIC-HIV was intended to support men to make an informed choice about whether to take
an HIV testing and, if necessary, engage in the care process.

Methods: We conducted a retrospective analysis of the documentation generated during the
development of EPIC-HIV1 including findings about requirements, design representations and the
results of iterative rounds of testing. The analysis sought to construct a narrative on the process, the
outcomes, and the strengths and limitations of the design and evaluation methods applied. We also
present the design of EPIC-HIV1 and an account of considerations when designing for hard-to-reach
people in such settings.

Results: The Person Based Approach was applied to deliver a first prototype. This was effective in
identifying key messages to convey and how to manage issues such as user privacy, but the resulting
prototype was judged by the team not to be engaging for potential users and there were concerns
about whether the design was inclusive of people with low digital or health literacy. We therefore
drew on methods from HCI to iteratively refine the app. Working with representatives of the local
community, we conducted three cycles of refinement, adapting and retesting EPIC-HIV1 until no
further changes were needed. Key changes included making it clearer what the consequences of
selecting particular options in the app were and changing wording to minimize misconceptions (e.g.,
that the app would test for HIV).

Conclusions: Techniques for developing IDHIs need to be situationally appropriate. The Person
Based Approach enabled us to establish both empirical data and theory to design the content of
EPIC-HIV1 but it did not directly address questions about interaction design that were necessary to
make the app usable and effective for the intended users; HCI techniques that were tailored to the
setting enabled us to refine the app to be easy for men with little familiarity with digital technologies
to use within the constraints of the setting. Iterative testing ensured the app was engaging and that the
intended clinical messages were communicated effectively.
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Introduction

The focus of this paper is on the application of methods for developing usable, effective and
engaging interactive digital health interventions (IDHIs), taking as a case study an intervention,
EPIC-HIV1, intended to enable men to make an informed choice about testing for HIV and, if
necessary, engaging with care. Recent literature shows that men are left behind in the response to
HIV [1] as evidenced by the low uptake of HIV testing, prevention and treatment compared to
women [2-4].

Challenges of developing interactive digital health interventions

As digital technologies become more affordable, their potential is increasingly leveraged for IDHIs
in a broad range of settings including both affluent and resource-constrained communities, in urban,
rural and remote settings [5]. There are numerous challenges with implementing IDHIs such as
ensuring interventions keep pace with rapidly changing technical systems [6], supporting usability
needs [7], ensuring that the intervention is accessible across devices and operating systems [8], and
making it culturally appropriate [9]. These challenges are exacerbated in resource-constrained
settings where there are variable infrastructural constraints and levels of familiarity with technology
within intervention cohorts.

There are few accounts of how to develop usable, engaging and effective digital health interventions.
One of the most widely cited is the Person Based Approach (PBA) to intervention development [10].
Although this approach describes the need to iteratively test prototypes with end users, it omits
detailed discussion of interaction design and how to integrate this into the intervention development
process. Conversely, the Human Computer Interaction (HCI) literature rarely addresses issues that
matter to population health researchers such as content design, clinical effectiveness, scalability and
sustainability [11]. The aim of the work reported here was to reflect on the integration of PBA and
HCI methods taking as a case study the design and deployment of an app called EPIC-HIV1
(Empowering people through Informed Choices for HIV). EPIC-HIV1 aimed to encourage men in
rural South Africa to test for HIV and understand the value of engaging with HIV care early as well
as primary prevention [12]. We developed EPIC-HIV 2 to support engagement in care for those who
did not link. However, this paper focuses on the EPIC-HIV 1 the application which supports HIV
testing in men.

EPIC-HIV1 description and rationale

EPIC-HIV1 is one of two interventions in the Home-based Intervention to Test and Start (HITS) trial
that sought to increase HIV testing and linkage to care among men in rural South Africa using micro
incentives and male-targeted decision support [4, 13]. The trial was implemented in a rural setting in
uMkhanyakude district in northern KwaZulu-Natal, South Africa using the Africa Health Research
Institute (AHRI) HIV surveillance platform [14]. Fieldworkers from AHRI conduct an annual cycle
of visits to households in the community.

The decision support was operationalized into a tablet-based app called EPIC-HIV. Digital
interventions such as apps are particularly suited for stigmatized health conditions like HIV because
they provide users with privacy and anonymity [15, 16]. Additionally, they offer interventionists the
ability to deliver uniform messages, free from embarrassment which affects people’s ability to
communicate consistent and accurate information [16]. Several studies have used digital technology
to increase uptake of HIV testing and medication adherence [17, 18]. These studies found that both
mobile and tablet-based HIV interventions are feasible, acceptable and effective methods to engage

https://preprints.jmir.org/preprint/65185 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Zeitlinet d

hard to reach populations [19]. However, the studies do not discuss how the interventions were
designed or developed.

EPIC-HIV comprises two apps: EPIC-HIV1 was offered at the point of HIV testing and EPIC-HIV2
was offered to men who had tested HIV positive but had not yet linked to care. The main objective of
EPIC-HIV1 was to encourage men to test for HIV. The secondary objective was to introduce the
value of linking to care early and adhering to antiretroviral therapy (ART). For this case study, we
focus on the development of EPIC-HIV1. EPIC-HIV2 is described elsewhere [12]. Both apps were
developed drawing on self-determination theory (SDT) [20] to support three basic psychological
needs (autonomy, competence and relatedness) and increase men’s internal motivation to test for
HIV and link to care where necessary. We also drew on the Behaviour Change Taxonomy (BCTv1)
proposed by Michie et al.[21]. They list 93 techniques that can be applied in behaviour change
interventions, clustered into 16 groups (e.g., goals and planning; feedback and monitoring; social
support, providing a credible source of information and advice). Many of these are potentially
relevant to the design of digital interventions: for example, goal setting, providing instructions on
how to perform a behaviour, or providing a credible source.

EPIC-HIV1 was designed to be delivered by fieldworkers during their annual household visits during
the AHRI health and demographic surveillance setting for an individual behaviour and health related
survey and dry blood spots for HIV antibody testing as well as the offer of point of care HIV tests
and linkage to care [14]. The concept was that the app would be implemented on the fieldworker
tablet and offered to men prior to the HIV test offer. The fieldwork visits are carried out in a
systematic cycle where they are allocated a number of households to cover in a week. Due to this
time constraint, user interaction with EPIC-HIV1 was allocated 10 minutes.

Interdisciplinary approaches to developing IDHIs

The World Health Organization advocates the application of user-centred design to develop IDHISs to
ensure that they are effective, accessible, acceptable, and user-friendly [22]. This often requires the
collaboration of professionals from health and HCI backgrounds. Healthcare professionals, including
epidemiologists and social scientists, contribute clinical expertise, theoretical understandings of
behaviour change and health outcome evaluation techniques. HCI professionals contribute user
centred design methodologies which are applied to understand user needs, inform the design of
digital technologies and evaluate them in terms of usability and user experience [11, 23, 24].

Despite the clear benefits of interdisciplinary collaboration, there are well recognized challenges [11,
23] relating to the academic heritage of the respective disciplines. Professionals from healthcare
backgrounds put greater emphasis on measuring the effectiveness of IDHIs and evaluating outcomes.
HCI professionals focus on iterative design, including alternative design representations and
formative evaluation, to ensure the digital technology is usable and acceptable. As a result,
interdisciplinary teams experience divergent approaches to timelines, measuring effectiveness and
understanding success.

Literature in the field of behaviour change tends to limit the integration of HCI methods, and
therefore collaboration, to discrete stages in the intervention development process: e.g., evaluating
usability and engagement once a prototype has been developed [25].

In the HCI literature, there is more interest in exploring the boundaries of the role HCI should play in
IDHI design and evaluation, rather than identifying discrete stages in the development process in
which HCI approaches can be applied. Klasnja et al. [26] describe the contribution of HCI as being
to understand ‘how and why’ IDHIs work, rather than measuring outcomes. In contrast, Smith et al.
[27] advocate using a value chain analysis to evaluate how short term (proximal) metrics relate to
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long term (distal) behaviour change and health outcomes.

Marcu et al. [28] describe the Patient-Clinician-Designer framework, which seeks to integrate
multiple perspectives throughout the design process. In understanding the clinical context, patient
needs and technical constraints, they ensure that digital interventions meet the needs of all
stakeholders and are therefore more likely to be successful when implemented [28]. They describe
this in reference to a mental health application, but it has also been applied to the development of
applications for stigmatised conditions including HIV [29]. Similarly, Blandford [11] highlights the
value of applying HCI methodologies throughout intervention development to facilitate more
systematic trade-offs between what is needed for users and clinicians and what is feasible in the
context.

Person-Based Approach and integration with HCI methods

We used the PBA to inform the design and development of EPIC-HIV, drawing on SDT in planning
content. The PBA [10, 25] provides guidelines on how to use qualitative research methods to identify
psychosocial factors that influence the effectiveness and acceptability of interventions. Using rich
qualitative research at every stage of the intervention development process facilitates an investigation
of the beliefs, attitudes, needs and situations of participants in the intervention. Yardley et al., [10]
propose that using PBA can make an intervention more relevant, persuasive, accessible and

engaging.

The person-based approach consists of four stages [25] (Figure 1). Whilst Yardley et al., recognise
the value of gathering user input, the focus is largely on how that input informs the development of
content and intervention goals. They do not describe the HCI, or user centred design, methods that
should be applied or how to translate the intervention goals and content into a usable and engaging
digital product.

Planning Design Development Implementation
Identify Create guiding Develop all Evaluate in real-life
behaviours, needs principles to intervention context, modify and
and challenges that summarise the compenents improve for future

need to be
addressed

Review and
synthesise
previous studies of
user experiences in
similar
interventions

objectives

Identify features of
the intervention
that are central for
achieving the
objectives

Create personas,
scenarios and use
cases

Evaluate and
optimised from the
user perspective

Observe and
analyze user
reactions to every
elements of the
intervention and
iteratively improve
the intervention

contexts

Use mixed methods
process analyses to
identify further
modifications to
improve acceptability,
feasibility, and
effectiveness

Figure 1:Stages in the person-based approach to intervention development and the suggested user centered design activities
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Blandford [30] proposes an integration of PBA with established HCI design methods to address these
issues (Figure 2). The key extensions to PBA are earlier consideration of design possibilities, the
identification of design representations (e.g., design patterns and task structures) and iteration
between as well as within stages.

[unpublished, non-peer-reviewed preprint]
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Identifying the

fisiere: Conceptual Iterative design Implementation - Deployment and -
proh e!n design & evaluation and testing / diffusion 4
planning _ 4
* |dentify the * |dentify possible * Prototype * Test "in the wild" * Address the
intended users & design solutions / Jimplement « Use mixed methods complexities of
key design approaches intervention to improve different
requirements . Design patterng/ components acceptabilit\!’ deployment
* Synthesise prior mechanisms of * Evaluate and feasibility, contexts
evidence action optimise effectiveness
e Conduct primary * Concepts to be intervention * Refine the
qualitative implemented components implementation
research e Task structures
¢ Deliver early design « Information
representations architecture

* Personas &
scenarios of use

* Statements of
requirements

Figure 2: Integrated development lifecycle

Both approaches advocate the use of personas and scenarios. These are rich descriptions of the
intended users of the intervention and of how they will use the intervention. Scenarios are commonly
presented at different levels of abstraction; for example, Rosson and Carroll [31] describe problem
scenarios (the broad situation), information scenarios (giving details of the information that will be
provided to users) and interaction scenarios (describing the details of user interaction with the
system). In this paper we report, and reflect, on the process and outcomes of applying the PBA and
selected HCI methods to the development of EPIC-HIV1.

Method

This paper draws on documentation that was created during the iterative development process,
including the initial prototyping of EPIC-HIV1 and the subsequent cycles of refinement and testing.
That documentation was systematically gathered throughout the development process to support
subsequent analysis. The retrospective analysis of the documentation involved the construction of a
narrative of the processes and outcomes for the planning, design and developing stages
(implementation is out of scope for this paper) outlined in Figure 3).
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« Reviewed systematic reviews « Formulate design principles and « Iteratively test and refine
and existing data from AHRI to essential features to include in functional app with 29 men from
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related barriers and facilitators to « Use BCT and SDT to specify four evaluation cycles using think
HIV testing and linkage to care content and create use cases of aloud methods and guided surveys
among men local narratives that provide to assess:
* Used the result to formulate key information about various v/ Usability
learning points for EPIC-HIV 1: outcomes v Efficacy
v To persuade men it is best to * Prototype a PowerPoint version v'Engagement
know HIV status and evaluate it in two focus
v To allow men to see a positive group discussions with
future with HIV community members
v To persuade men that « Consolidate results and record
attending a clinic can be audio and cast and finalize brief
managed and is worth it for software developer
* Develop a first iteration
functional app
A o/ . o N b

Figure 3: methods used in first 3 phases of the PBA; implementation phase is out of scope for this paper.

Ethics

This study was conducted with ethical approval from the University of KwaZulu-Natal Biomedical
Research Ethics Committee (BFC398/16). Participants involved in empirical data collection
provided written or verbal consent.

Results
Design aims for EPIC-HIV1

Two key aims for EPIC-HIV1 were ensuring that it met users’ needs, that is, participants were
engaged by the content and able to autonomously navigate the application, including people with low
digital and health literacy; and ensuring that it met the intervention goals, that is to communicate the
correct clinical messages to, and enable, men to make an informed choice about engaging with HIV
care.

The design had to recognise the stigma related to HIV [18, 19, 32]. This relates to both the design of
the intervention itself and the HCI methods employed. For example, in this case study, we did not
require users to share their own experience of HIV testing (provider-initiated or self-testing) or to
disclose their HIV status. Also, in order to enable study participants and future users to explore
EPIC-HIV1 independently and privately earphones were offered for their use.

Another design challenge in resource-constrained settings is low literacy [33]. Solutions proposed for
low-literacy users include graphical interfaces, interactive voice interfaces, and mediated usage [34].
Designing for low literacy populations extends beyond catering for users not being able to read, to
multiple cognitive and emotional factors that influence how users engage with content [35, 36]. For
healthcare interventions, there is added complexity: individuals with lower literacy tend to have
lower health literacy [37], and having lower health literacy puts an individual at higher clinical risk
and is associated with reduced ability to exert control over health through informed decision making
[37, 38]. The approaches taken in both design and testing to be inclusive of users with low digital
and health literacy are discussed below.
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EPIC-HIV was developed following the four stages of PBA (Figure 1). The planning and design
stages were led by social scientists and health professionals (JS, SW, MS, TZ, PM and TM) and the
development phase was led by HCI specialists (AB and AZ) and the technology partner. Each stage
employed different recruitment and sampling methods as described in detail below.

PBA stage 1: planning

The planning stage is described in detail by Mathenjwa et al.[12]. In summary, we reviewed
systematic reviews and existing data from AHRI to identify facilitators to HIV testing and linkage to
care (see Figure 4 — adapted from Mathenjwa et al[12]) and used the results to define the user
requirements of the app.

Key barriers and facilitators to HIV testing and linkage to
care identified from Planning stage

Supply side (related to

o Demand side (related to the
clinics)

Key learning points for

= = individual)
Sflml?s,arz,"new 8 h e  Fear of rejection if HIV+ EPIC_HIY 1
mz;m:ollzm ;i??;n‘:;o::b]e S e oRdeathiandlillness 1. To persuade men it is best to
g e  Concern that, if HIV+, will be know your HIV status —
. Lack 0_f confidentiality if seen el o sl because it allows you to take
oo CthS. 1 “misconduct” and isolated control
* Long waits 'at busy clinics put from family 2. To allow/engage men to see a
. gl?ﬁi:sfigzl:it times men find shiflle=nn fe o ot POS.itiVC (¥ "Vith e
i f understanding the need for which they are in control and
; ; :;r iceTa:i lt::] ;g;itl;e;th e can achieve their ambitions
P e A preference for traditional 3. To persuade men that
healthcare workers odicind attending the clinic can be
e  Belief that medicine should managed and is worth it — in
be curative (concept of the long term.

lifelong chronic illness a
relatively new idea, as is the
use of ART even if
asymptomatic)

Figure 4: barriers and facilitators to HIV testing and linkage to care. Adapted from [30]

PBA stage 2: Design

The aim of this stage was to formulate the design principles of the application and essential features
that should be included. First, using the results from the planning stage, we identified barriers that
can be modified by EPIC-HIV1 and key learning points to be incorporated into the app. We then
formulated intervention features relevant to the learning points to support informed decision making
about taking an HIV test and linking to care where necessary. Finally, we identified specific
behaviour techniques from the BCT [21] to support feelings of autonomy, competence and
relatedness from SDT to specify the content and create use cases. The components are interrelated as
illustrated in Table 1.

Table 1: Key learning points and the identified barriers addressed and how it links to the SDT and BCT

Learning point Factor SDT relevant BCT from
taxonomy

1. To persuade men | Concern that if | Persuading users | 9.1 credible source

it is best to know | HIV+ will be | that knowing their | 5.1 information

your HIV status — | ‘blamed’ for sexual | status allows them to | about health

https://preprints.jmir.org/preprint/65185 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Zeitlinet d
because it allows | ‘misconduct’ and | take  control  of | consequences
you to take control isolated from family | important aspects of | 5.2  salience  of
Feeling healthy (so | their lives (such as | consequences

not  understanding
the need for a test), -

upholding traditional
values, caring for a
family or having sex

and children)

(supporting

autonomy).
2. To allow/engage | Concern that if | Maintaining a | 9.1 credible source
men to see a positive | HIV+ will be | positive illness | 5.1 information
future with HIV — in | shunned context throughout — | about health
which they are in that it is easily | consequences
control and can possible to live with | 5.2 salience  of
achieve their HIV and do all one | consequences
ambitions wants to do. 13.5 identity

Educating men | associated with

about HIV and the | changed behaviour

benefits of testing | 13.1 identification of

and taking ART | self as role model

(supporting

autonomy).
3. To persuade men | A preference for | Persuade men that | 13.5 identity
that attending the | traditional medicine | they can handle | associated with
clinic can be | Long waits at busy | going to the clinic | changed behaviour
managed and is | clinics put people off | through positive | 13.1 identification of
worth it — in the long | going - examples of men | self as role model

term.

talking about what it
was like and how
they managed it
(supporting
relatedness,
competency
autonomy).

and

The conceptual design

The app was intended to be used by all men aged 15 and above contacted by a field worker at home
during annual biobehavioural surveillance. However, it was designed to be used in any community
setting that offers HIV testing to men. The high-level design concept was to provide experiential
information from local men living with HIV that users could identify with. The content was rooted in
local narratives to provide information about various outcomes to increase risk perception, salience,
and likelihood of response by making the decision to test or link to care explicit. Personas were
implicitly encapsulated in the descriptions of the characters who were to be introduced through
EPIC-HIV1: men of different ages and with different health beliefs and levels of digital literacy.

The problem scenario was that the app was intended to provide validated health information to
enable men to make an informed choice about testing for HIV and linking to care. As described

https://preprints.jmir.org/preprint/65185
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above, the envisaged context of use for EPIC-HIV1 was that it would be administered by the AHRI
fieldworker during the annual individual biobehavioural surveillance home visit. When the time
came to explore EPIC-HIV1, the fieldworker was expected to hand over the tablet computer with the
app opened (start screen) to the user (consenting man), together with earphones (that the man could
keep) and wait while they interacted with the app in private. The app was designed to take 5-10
minutes depending on the pathway that the user selected to align with the time constraints of the
fieldwork.

The information scenario was based on the notion that the app should acknowledge and refute
common misconceptions about HIV (how it is transmitted and what treatments are effective) and
concerns about attending a clinic and making other people aware of their HIV status.

The interaction scenario involved the user working through 3 sections (illustrated in Figure 5):

1. First, there was a short introduction, after which the user was given the choice to either find
out about HIV testing and treatment (if they were not ready to test) or just find out about
treatment (if they were ready to test).

2. In the testing section, users were given the option to listen to short vignettes describing
common reasons for men not wanting to test for HIV. Users were then presented with
information, delivered by a nurse, addressing each of these reasons and providing a counter
argument.

3. In the treatment section, three characters described their journey since being diagnosed with
HIV; these characters represented different personas and the user could listen to one of their
stories (ideally the one they found most relatable).
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Figure 5: Overview of user journey through the app

As well as relatable characters, the app also featured a male nurse character who guided users
throughout by introducing options for navigating the app, provided instructions and summarised key
points. All app content and instructions were provided in text and audio format. Still images,
including photographs of individuals (with faces obscured) and artefacts from the intervention
community, supported the audio descriptions.

We identified a male nurse from AHRI to serve as a guide character in the app. The nurse acted as a
credible source to encourage men to test early and address common concerns that the other
characters raised as barriers to test. The nurse guide gives an introduction and explain how the app
works. He then reads out the two options (‘I am sure I will have an HIV test today’ and ‘I might not
have an HIV test today’) and asks the user to select which statement he agrees with. In the ‘ready to
test’ section, the nurse applauds the user for taking the decision to test today. In the ‘not ready to test’
section, we used 7 characters to give short vignettes discussing common reasons for men not wanting
to test for HIV which were identified during the planning stage (see Figure 6). The nurse comes back
to address the reason each character lists, providing a counter argument. Users can then go into more
detail by selecting one of 3 main characters that persuade men that knowing their HIV status gives
them control of important aspects of life, that it is possible to live with HIV and still achieve goals
and finally that they can manage going to the clinic.
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have been unfaithful”

Figure 6: the illustration of 7 characters from the PowerPoint prototype

Testing the conceptual design

We developed a low fidelity PowerPoint protype of the app and evaluated it with two focus groups of
men from the community advisory board (CAB). The CAB is a body representing members of the
intervention community that act as a bridge between AHRI and the community, safeguarding the
rights of the study participants. We sought to include younger and older CAB members to represent
the HITS trial participants. The focus of the evaluation was on whether the characters and messages
selected were acceptable to men in our community. Since we sought to assess acceptability of the
content and characters, findings were categorized into content or character related and the app
functionality (See Table 2).
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Table 2: Summary of the focus group discussion results and how we addressed them

Main issues

Content

Self stigmatization after testing HIV-positive

Fear of weakness because of illness

Manhood is about becoming isoka (Casanova)
Testing is for everyone, not for particular
groups/types

Most men want to wait until they get sick before
testing, long queues in clinics, feminised spaces of
health care

Characters

Groups preferred characters to look like strong men
Groups commented on what characters should
wear

Groups mentioned that characters’ gestures should
be open and clear

Functionality

Asked for a rewind button so that people can go
back and listen

Privacy and confidentiality

Steps Taken and Revision of Content
Positive reinforcement on autonomy,
competence and relatedness among all
characters

Only the nurse character will be seen by
users

No other faces will be shown, real settings
will not be used

Men wearing what was proposed in groups
Characters’ gestures open and clear

No rewind option because of time

App will be private and fieldworker will
clarify to each participant that they will not
know how the participant navigated the app

We used the results to refine the content and characters and finalized the brief for the software
developer. All the content was provided in audio format including the instructions and prompts for
users. We selected a cast of actors from the local community to represent the different characters and
did an audio recording of voice overs and a photo shoot at AHRI offices and a local community
centre. This was sent to the software developer with the brief. We received a first iteration of a
functional app, as illustrated in Figure 7; however, it was not considered by the team to be engaging.
EPICHIV]
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Figure 7: EPIC-HIV 1 Cycle (Left to right).

Screenshot 1 - Introduction: Nurse introduces the app, users receive instructions and choose route through the app
Screenshot 2 - Testing Section: User hears common reasons why men do not want to test for HIV and nurse’s rebuttal
Screenshot 3 - Treatment Section: User hears stories of men since HIV diagnosis

PBA stage 3: Iterative testing and design changes
We iteratively tested and refined EPIC-HIV1 to ensure that the app was interactive, usable and
acceptable for a broad spectrum of users with varying education and digital literacy. In total, four
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cycles of user-centred evaluation and design were conducted, based on design sprints each lasting
two weeks. These cycles were structured using a simple interaction design model[39], whereby
initial user requirements were identified, design improvements were generated, and the new design
was evaluated. The evaluation metrics are summarised in Table 3.

Table 3: Summary of evaluation metrics

https://preprints.jmir.org/preprint/65185

Metric Questions Method
Usability Is it clear how to move | Observations during think
. N between screens? aloud
i.e. navigation/overall
usability Is it clear how to engage
with the information on each
screen (i.e. choose options,
listen to audio, exit audio)?
Efficacy Are they key messages | Questions in think aloud
communicated? protocol and guided survey

i.e. understanding of key
message Do participants gain new
information as a result of

using the app?

Is the information they gain
factually accurate?

Engagement Questions in think aloud

protocol and guided survey

Is the interaction pleasant?

i.e. acceptability of the

content

Is the presentation of content
appropriate and interesting?

We employed pop-up user testing because we wanted to ensure participants were as comfortable as
possible and we wanted to recruit in an informal and purposive way. However, this had to be
balanced with a lack of privacy, given that participants were recruited in public spaces. We gave
participants a choice of where they would like to test the app — e.g., in the car or walking to a quiet
spot nearby. Such considerations also provided information on who conducted recruitment: a male
researcher from the community. These decisions helped to establish a level of mutual trust and
collaboration between the researchers and participants. Unlike most accounts of pop-up research, the
planned time for each individual’s participation was not particularly short: it lasted 20-30 minutes,
sometimes more if the participant had lower literacy levels.

During each cycle, participants were asked to complete defined tasks and articulate their thoughts
about EPIC-HIV1and the task. Both actions and verbalisations were recorded to identify the main
usability challenges and build an understanding of the acceptability of content. Participants were
paused after the introductory screens and asked questions regarding their initial expectations of the
app’s content and purpose. After using the app, participants were asked further questions of their
understanding of the content and reflections on the design. This guided verbally administered survey,
ensured that we did not exclude low-literacy participants. It consisted of a mix of open and closed
questions and was used to gather insight into usability, comprehension and design preferences.
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The evaluations were conducted in isiZulu, with a bilingual (isiZulu-English) researcher
administering procedures. Before each evaluation, participants were read a standardised information
sheet and gave verbal informed consent. Participants were observed as they used the application. At
the end of the evaluation participants were thanked and provided with sandwiches and soft drinks.

Participants

We conducted evaluations with 29 unique isiZulu speaking males (excluding pilot participants) over
the four iterative cycles. All participants were asked their age to confirm they were over 18 years old
and able to consent to participation.

All participants were adult men from the community in which the intervention would take place. In
the first evaluation cycle, convenience sampling was used to recruit participants in or close to the
research institute. In the following evaluation cycles, sampling became increasingly purposive as we
sought to recruit participants who represented specific user groups within the intervention cohort,
especially those who had been identified as likely to have low technological literacy.

Overview of evaluation cycles

Across the four cycles, the evaluations became more refined, but the objectives and the metrics were
consistent. Correspondingly, there was consistency across the protocols. For example, some of the
questions (see Table 3) were the same and were asked at the same point in the evaluation. The key
features of each evaluation cycle are summarised in Table 4.

Table 4: summary of evaluations

Objectives Methods Example Example
findings changes made
Evaluation 1 Primary: Think aloud | The objective of | Introductory
2 pilot Ident'lfy main | oo aton the app was mformatl‘o.n
- .~ . | usability unclear — some | and additional
participants; 6 in Guided ) )
main study challenges uide users expected the | instructions
Gather survey app to check their | added to
: HIV status. clarify the
understanding of ¢
target user Users don’t know IE‘IJDFIIESI_@HV 1 °
group’s needs how to make d how
option selection anc now 1o use
Assess it. Onboarding
. throughout  the .
understanding of a split  across
content pp- three screens.
Secondary:
Gather  insight
into potential
design
improvements
Evaluation 2 Primary: Make | Observation | Users not clear | A call to
1 . layout easy to . how to initiate | action was
pilot Retrospective
- . use for people I use of the app. added to the
participant; - usability )
. . who are novice . . first screen,
6 in main study questions Users did not
tablet users and
. . consistently Key segments
have low literacy | Guided : :
understand option | of audio
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Assess survey selection at the | stitched
understanding of start of the app. together.
content Users not able to
Secondary: make  informed
Gather  insight choices about
into  preferred how much
look and feel of content they listen
app to or  whose
stories they
wanted to learn
more about
(instead listening
to every piece of
content but in
unintended
orders).
Users gathering
some  incorrect
messages.
Preferences  for
images of people
in context.
Evaluation 3 Primary:  Test | Observation | Users did not | Descriptions
1 pilot whether  users Retrospective consistently ' of options re-
- ) .| know to select s understand option | worded  and
participant; 12 in s usability ) ..
. options . selection at the | additional
main study questions .
A start of the app. audio added at
55688 Guided the start of the
understanding of Users lost interest
survey R app.
content during longer
Task i '
Make content ' sections of audio. | Shorten length
: completion .| of  character
more engaging : Users making .
times . . stories.
) informed option
Secondary: )
selection
Ensure that ) :
. regarding which
uninterrupted }
. character stories
participants were to listen to
completing the 0 lListen to.
app in an Users
appropriate time understanding
correct key
messages.
Users completing
the app within the
target time
Evaluation 4 Primary: assess | Observation | No significant | None
whether the Retrospective new usability
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5 participants changes made to | usability issues had
the application | questions emerged
affected. users’ Guided
expectations,
such that they
were making
more  informed
decisions

survey

Specifics of each evaluation cycle

For the first evaluation, convenience sampling was used to recruit from the community, working in
or close to the research institute. The evaluation took place in various locations within the research
institute. After interacting with the first version of the app, participants were presented with low
fidelity interactive prototypes of different sections of the app and asked which they preferred, which
was most relatable and which was most clear.

In Evaluation 2, the primary objective was to identify and address the needs of the least technically
experienced members of the intervention cohort. Pop-up research [40] in the community simulated
some of the environmental constraints and social considerations that would be experienced by
fieldworkers when administering the IDHI, such as lack of access to the internet and difficulty
finding private spaces. Additionally, it had the potential to reduce participant response biases [35] by
making the environment more familiar and less formal than the research institute. Participants were
approached in public spaces, such as at bus stops or tuck shops, and evaluations were conducted
either in those spaces or close by in the researchers’ car (illustrated in Figure 8).

Figure 8: pop-up evaluation testing in remote locations using an AHRI car

Based on learnings from Evaluation 1, we administered retrospective usability questions rather than
asking participants to articulate their thoughts concurrently. We also printed screenshots of design
variations on paper and described the differences to participants then asked them which they
preferred, rather than continuing to use low-fidelity interactive prototypes after the first part of each
session. We included closed questions that were asked while participants were interacting with EPIC-
HIV1; for example, we added a help button; in the evaluation, we stopped users after the instruction
screen and asked them to indicate which button to press if it was not clear what to do next. Most
participants were unaware they could skip content or be selective, which indicated that the app was
not supporting autonomous decision making. When presented with design alternatives, all six
participants selected the interface with photo images because it was “clear”. This supported the use
of rich and contextually relevant images throughout the app to optimise the relatability of the
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content.

Design changes following Evaluation 2 were intended to support lower literacy members of the
intervention cohort. Previews were either automated or removed, which meant users would only be
presented with choices when it was critical. We added extra instructions on how to select options,
made button states more distinct and provided additional nudges in the form of button animations
and instructions from the nurse character. Additional photographs of paid professionals who were
representative of the intended cohort were added to the character stories to make them more
engaging (Figure 9).

EPICHIVA

Evaluation cycle 1

t_/

Figure 9. Evaluation cycle 1: User previews character, gets character’s full reason for not testing, selects next, clicks on same
character to receive nurse’s response to the character’s reason (4 clicks). Users have a choice at every stage as to whether they
listen to more about the character and the reasons they don’t want to test for HIV. Evaluation Cycle 3: User selects character
and gets character’s full reason for not testing and nurse’s rebuttal (one click).

In Evaluation 3, as well as assessing whether participants knew how to select options, understood
correct messages and found the content engaging, we wanted to ensure that participants were
completing the app within a given time. We split participants into two groups: one was interrupted to
assess their option selection while the other was uninterrupted, to gather their task completion time
and observe the full user flow. Having identified rural and older people as those who were least
comfortable using the app, we actively recruited males representing this category, reducing the
proportion of young peri-urban males (the easiest to find and recruit). After conducting evaluations
with 12 participants from various locations, we had reached saturation in responses. Compared to
earlier evaluation cycles, we focused more on option selection and expectations. For example, at the
beginning participants were asked what they had expected to find if they had selected the other
option so that we could assess whether participants were actively choosing what they wanted to hear
about. This was particularly important because users could only engage with EPIC-HIV1 once as
part of the planned intervention and could not return to content of interest.

Evaluation 4 did not reveal any additional usability issues. Participants were able to describe what
they would have had if they had selected the other option, indicating the changes to the language
used at the beginning of the app were effective and supported informed decision making.
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Reflections

Both the evaluation objectives and the methods became more refined during the process. For
example, the objective of the first evaluation was to get a sense of what users were finding difficult
and what evaluation style would be contextually appropriate. Convenience sampling was used to
recruit participants and the questions in the evaluation were relatively general. In the third
evaluation, two of the objectives were to know if the participants could make accurate option
selections and complete the app within a given time. Purposive sampling was used to recruit
participants who represented a range of users we had previously encountered, especially those who
had had usability challenges (i.e. low literacy, novice users, older people). The evaluation was more
focused, questions were more specific and the methods were altered to support our objectives.

Although pop-up research was an effective and valuable means of recruiting participants and
conducting evaluations, we had to ensure that we adequately addressed considerations including:
ethics - ensuring the participants did not feel coerced; privacy - ensuring that participants could
freely engage with content without passers-by hearing; community-institution relationships —
avoiding contributing to ‘participant fatigue’ near the research centre; and our own safety as we went
into remote places and invited people into our car or worked with them in unfamiliar environments.

PBA stage 4: implementation

The implementation stage (i.e., deployment in a clinical trial) beyond the scope of this paper and is
described in the HITS trial evaluation papers [4, 41, 42]. The HITS trial was not designed to evaluate
the effectiveness of using a tablet-based app to deliver information, or to evaluate the detailed design
of EPIC-HIV. Rather, EPIC-HIV was a means of delivering male targeted decision support informed
by self-determination theory, and it was implicitly assumed that it would do that effectively. The
primary trial question was whether delivering a theoretically informed intervention to support testing
or financial incentives would be clinically effective in increasing uptake of HIV testing when offered
at home. As discussed by Mathenjwa et al., EPIC-HIV proved challenging to implement as intended
with reports of inconsistent use of earphones, older participants struggling to navigate the app
independently and select stories that appeal to them and other participants quitting before the end
(incomplete use) [43].

Discussion

We have showed that combining a theory-based approach to conceptual design, drawing on SDT and
the Behaviour Change Technique Taxonomy with HCI is feasible and enabled us to tackle the
problem to be addressed (the low rate of engagement with HIV testing and care by men in the area),
by explicitly designing a usable app to engage with the factors that contributed to that, and provide
clinical messages that could address those factors. A specific opportunity to administer the digital
intervention had been identified — namely, via a tablet-based app during the annual individual
surveillance visit. However, this opportunity imposed constraints on the app design: most notably,
that it had to be possible for the user to complete the interaction within 10 minutes. The earlier (stage
1 and 2) person-based approach focussed on content and did not, include any early assessment of
appropriate design and interaction factors. The later HCI work (during Stage 3 of the person-based
approach to intervention development) addressed issues including checking that the app was usable
by a high proportion of the target population and that the correct clinical messages were being
communicated.

One key lesson from this study is that where a digital intervention is to be administered to
individuals — particularly those with low digital and health literacy — it is essential to design the
introduction (or “onboarding”) very carefully, to ensure that users are empowered to use the app
effectively and that expectations of what they will experience are set appropriately. Another key
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lesson is that an appropriate balance had to be achieved between autonomy (enabling people to
navigate as they choose) and ensuring that the correct clinical messages are communicated.

The conceptual design featured a series of dialogues between relatable characters and a trustworthy
nurse. These dialogues were accompanied by still images of the characters in familiar settings.
However, this approach was never tested against alternative design strategies. Early decisions about
the design and mode of the interaction were based on informal understanding and intuition rather
than evidence. Resource limitations (both time and funds) meant that we did not have capacity to
revisit earlier design decisions such as the appropriateness of using a tablet computer or the general
approach of presenting dialogues. Thus, it was not possible to engage in the broader cycles of
iteration proposed by Blandford [30].

In resource-constrained settings and when dealing with stigmatised health conditions, user needs are
particularly complex and sensitive. There was a need to draw on methods that do not feature in
mainstream HCI literature to address the specific questions and context of the study.

Early design decisions, such as the approach of focusing much of the app on a dialogue between
relatable characters and a trustworthy nurse, and about the content of the dialogue, were also based
on the key scenario of use — i.e., that the tablet computer would be lent to the individual for up to 10
minutes within the annual health visit; this imposed a significant constraint on the design. For
example, the main interaction design issue raised by members of the CAB in the Stage 2 testing —
that people would like a “rewind” option — was not addressed due to this time constraint.

Through the iterative testing of an interactive prototype, the main area of concern, and where many
changes were made, were in the introduction, or “onboarding”, for the app. It was found necessary to
set expectations about the app (e.g., that it would not deliver an HIV test result) and to provide
detailed verbal instructions about how to select options and press buttons on a touch screen.

We needed to balance needs for the app to be engaging and inclusive. Participants were diverse, and
levels of technical, educational and health literacy varied widely. Some participants were
comfortable using the tablet app and owned touch screen smartphones. Testing highlighted the
tension between providing literal choice in interaction design and meaningful choice regarding how
the user engaged with the intervention. For example, giving users a choice about whether or not to
listen to the nurse’s response after hearing a character’s concerns proved counter-productive as it did
not support the concept of “informed choice”, so the choice point between concern and response was
removed after the first evaluation cycle.

Changes to the design were intended to support low-literacy users: for example, by adding audio
instructions, highlighting one option at a time, and reducing the amount of user input required.
However, we maintained critical choice and ensured it was well understood. The reduction in user
input was balanced with ensuring that the app remained engaging and persuasive for participants
with higher literacy levels. Through iterative cycles, we were able to deliver a design that was
inclusive of as much of the target cohort as possible.

Nevertheless, we had to recognise that the delivery of the intervention was likely to exclude a small
proportion of the potential beneficiaries. For these people, for whom the app was inaccessible, a
conversation with the visiting health worker would be a possible alternative. HCI evaluations
traditionally focus on efficiency, effectiveness and satisfaction [44]. Efficiency relates to how quickly
people can complete tasks using the system; effectiveness is defined as “accuracy and completeness
with which users achieve specified goals” and is not usually considered in terms of clinical
effectiveness — i.e., how well clinical messages are understood or any behavioural changes that
follow from changed understanding. Satisfaction includes many aspects of user experience including
how engaging a system is. In the context of EPIC-HIV1, priorities for engagement were relatable
characters and interactivity.
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Strengths and limitations

The analysis of existing theory and data enabled the team to identify and address the most important
barriers to men engaging in HIV testing and care in a cost-effective way. The use of HCI
methodologies enabled the team to translate the intervention goals — communicating persuasive
messages in a way that would promote behaviour change — into design strategies and ensure the
application was usable. The resulting application was inclusive of the intended population, supported
meaningful choice in how users engaged with the application, and ensured the correct clinical
messages were communicated.

As noted above, HCI methodologies had not been involved during the early stages of intervention
development. As a result, the remit of HCI was to fix the app: to make it as good as possible given
the time and resources remaining. We believe the app design could have been stronger if HCI
methodologies had been employed alongside PBA and BCT approaches from the outset. For
example, there was no opportunity for exploratory research to define what interactivity meant for the
intended population or understand whether a tablet-based app was an appropriate approach to
communicating HIV/AIDS information in this context, or whether it could inadvertently bias
participant responses, as indicated by previous research [45], or exclude a proportion of the intended
target population.

There was also no opportunity for HCI focused summative research — for example, to understand,
how users had navigated through the app, areas of interest or potential drop off points [26]. As noted
above, the HITS clinical trial results suggest that EPIC-HIV1 did not increase men’s uptake of HIV
testing. This raises many questions that could be the focus of future research; for example, would a
different kind of digital intervention have been more effective, are digital interventions inappropriate
in this context, or does the intervention need to be better tailored towards different sub-populations
(e.g., those with different levels of digital literacy or different priorities in life)?

Conclusion

The aim in developing EPIC-HIV was to support a clinical trial investigating whether financial
incentives and/or a digital intervention was more effective than the established approach to
encouraging men to test for and engage in care for HIV. The implicit assumption was that any digital
intervention would be equally effective and no comparison between different digital interventions
was planned.

By applying an iterative design approach, we were able to make systematic choices regarding design
that would facilitate usability, engagement and comprehension required for the intervention. The
value and necessity of these choices were brought into sharp focus with this case study as many of
the challenges of developing an IDHI were exacerbated by the study context (resource constrained,
low digital literacy and stigmatised condition).

Developing Digital Health as an interdisciplinary field requires close collaboration throughout the
intervention design process to ensure that the resources and expertise required are available in a
timely way.
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