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Abstract

Background: Thereis limited evidence in Africa on the design and development of mobile health (mHealth) applications to
guide best practices and ensure effectiveness. A pragmatic trial for HIV pre-exposure prophylaxisroll-out among key populations
in Tanzaniais needed.

Objective: We present the results of the devel opment of amobile app (Jichunge) intended to promote adherence to pre-exposure
prophylaxis (PrEP) among men who have sex with men (MSM) and female sex workers (FSW) in Tanzania.

Methods: A participatory design approach was employed and guided by the information system research framework. MSM
and FSW were the target populations. A total of 15 MSM and 15 FSW were engaged in the relevance and design cycles, while
the piloting phase included 10 MSM and 20 FSW.

Results. Therelevance cycle enabled the description of the existing problem, provided the compatible app features for the target
population, and identified the need to develop an mHealth app that provides health servicesin a stigmatizing and discriminating
environment. User involvement in the app’s design and evaluation provided an opportunity to incorporate social, cultural, and
community-specific features that ensured usability. In addition, the participants suggested valuable information to inform the
app, text message services, medication registration, and chat platform designs.

Conclusions: The participatory design approach in the development of mHealth apps is useful in identifying and validating
popul ation-specific functional features, improve usability, and ensuring future health impacts. Through this participatory process,
the Jichunge app took end-user needs, perspectives, and experiences into account, eliciting enthusiasm regarding its potential
role in supporting pre-exposure prophylaxis adherence for HIV and related behavioral change promotion.

Trial Registration: International Clinical Trials Registry Platform PACTR202003823226570;
https://trial search.who.int/Trial 2.aspx?Trial| D=PACTR202003823226570

(IMIR Form Res 2021;5(10):€23204) doi: 10.2196/23204
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Introduction

As part of a pragmatic trial in Tanzania, this paper describes
the process of devel oping amobile health (mHealth) application
to improve adherence to pre-exposure prophylaxis (PrEP)
against HIV among men who have sex with men (MSM) and
female sex workers (FSW).

Over thelast decade, there has been a steady increase in global
mobile phone ownership, including sub-Saharan Africa, which
has led to remarkable growth in mobile device use in curative
and preventive health care service delivery [1,2]. Short
text—based messaging was the mainstay of mobile health
communication in the past. However, smartphone applications
with increased functionality have become more commonplace
in recent years. They have been used to prevent disease and
promote health, including sexual and reproductive health [3-7].
mHealth apps have been reported to be useful in disease
self-management, customized to clients’ and local needs, and
providing on-demand interventions as well as communitywide
health promotion [8,9].

Among other things, mHealth apps have been used to improve
drug adherence in HIV care by reminding clients to take a
particular medication, providing health education, and
counseling and services [10-12].

A systematic review on mHealth apps in low-income and
middle-income countries has reported increased use of various
appsfocusing on patient care, supporting the health system, and
genera population health [13,14].

In 2015, the World Health Organization recommended PrEP
for HIV prevention among at-risk populations [15]. Like other
parts of the world, poor adherence to medication among the
high-risk population has been a significant challenge to
implementing PrEP intervention in Africa [16-18]. In 2018,
Tanzania initiated plans for a PrEP roll-out, but suboptimal
adherence dueto stigma, stock shortages, forgetfulnessin taking
daily pills, or attending clinics for medication refills pose a
challenge to its effectiveness [19,20].

Since more than half of the mobile subscribersin Tanzaniahave
accesstotheinternet [21], and social network usageiscommon
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[22], mHealth apps offer an opportunity to promote adherence
to PrEP in the country.

The reported increase in mobile apps usage for health calls for
the documentation of best practicesin the devel opment process
of these interventions. Such evidence can guide future
devel opment and increase the effectiveness of mHealth appsin
promoting health. Various development approaches have been
evaluated in Asiaand the United States, several of which have
underlined the critical importance of end-user involvement in
the design and development process [23-25]. End-user
involvement is paramount when developing mHealth apps
targeting populations that face a high level of stigma and
discrimination, such as MSM and FSW. While mobile apps
have increasingly come into use among stigmatized and
criminalized peoplein sub-Saharan Africa, thereislimited data
on the devel opment processto inform best practicesin theregion
and among these populations [26]. This paper aims to present
the development process of an mHealth app (Jichunge app) for
PrEP adherence among MSM and FSW in Tanzania.

Methods

Design

A participatory design approach guided by a framework
reminiscent of theinformation system research framework (ISR)
was employed in the Jichunge app development [27]. ISR
emanates from design science and system engineering
commonly used to develop complex information systems [28].
The framework urges end-users greater inclusion and active
participation in designing and evaluating application systems
[23,29]. The ISR framework consists of three overarching user
participatory design cycles. The relevance cycle determines
end-user requirements; the design cycle involves prototype
devel opment and eval uation; therigor cyclefocuseson ng
underpinning theories (Figure 1). This paper focuses on the
relevance and design cycles that are critical in end-product
acceptability and usability. Therefore, user involvement was
paramount in these undertakings. We supported end-user
involvement in the conceptualization, design, and testing by
considering their views, perspectives, comments, and
suggestions at different levels of the participatory continuum
[30].
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Figure 1. Theinformation system research framework. KB: Knowledge Base.
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Population

MSM (men who regularly or occasionally have sex with men)
and FSW (women who exchange sex for money or goods) living
in Dar es Salaam, Tanzania, participated in this study as
members of the target population or end-users. Eligibility
involved being at least 18 yearsand aresident of Dar es Salaam,
the largest metropolitan city in Tanzania. The resident was
defined as having an address and having lived in the city for
the past 6 months preceding the study.

Additionally, at each stage of development, the app was
reviewed by ateam of expertsin HIV behavior and research in
key populations. The prototype evaluators involved a
multidisciplinary team consisting of PhD students, medical
researchers, epidemiologists, biostatisticians, public health
specialists, and clinical research coordinators.

Participant Sampling and Recruitment

Purposive sampling was used to enroll members of the target
population (participants) into the study. Based on the
investigators previous knowledge of working with the target
populations, participants were recruited based on their potential
to provide rich information on the issues related to PrEP use,
challenges, and opportunities. Moreover, different strata of the
population by age and geographical location in the city, mobile
phone ownership, leadership position within target population
grassroots organizations, and economic structures were critical
in providing diverse views on PrEP and mobile phone use to
address health challenges among the target population.

Development Process

Relevance Cycle

The study gathered and synthesized information related to the
Jichunge app's relevance to the target populations through the
relevance cycle step. Firstly, the investigators consulted
members of the target populations for problem definition and
justification of the app's relevance, including need and potential
challenges. End-users’ consultation aimed to exploretheir views

https://formative.jmir.org/2021/10/e23204

on adherence to PrEP and whether a mobile app would be
relevant in addressing those challenges. Secondly, using
investigators experience working with these population
subgroups [31-34], adetailed and appropriate literature review
was conducted to validate the challenges in PrEP adherence
raised and explore the proposed Jichunge app's needsto address
PrEP adherence among the members of the target populations.
Furthermore, researchers reviewed literature on mobile phone
access and usageinvolving the target population, using available
socia media platforms to inform the design and assess future
application challenges and opportunities.

Design Cycle

Creating an App Prototype

In creating the app prototype, consultation with target
populations led to the consideration of developing an app that
accommodates both iOS and Android smartphone operating
systems available in Tanzania. Due to the potential for limited
mobile data among the key population, users recommended
developing an application that allows access to app features
such as notification messages (reminding them to take their
medication) even in the absence of mobile data. Similarly, the
app should enabletheclient to register daily pillstaken for drug
adherence, monitoring, and virtualizing the pill calendar even
when the user lacks mobile data. An app's development with
these innovations was led by a company based in Norway with
vast software development experiences [35].

Stage | of Testing the Prototype and M odifications:
Prototype Preliminary Reviews

The initial prototype was installed into investigators' mobile
phones as a demonstration version with the essential functions.
Next, theinvestigators reviewed the various app functionalities
and evaluated their relevance per planned use among the
intended study populations.
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Stagel | of Testing the Prototype and M odifications: Target
Populations Design I nputs

Various external outlooks and logos were designed (Figure 2)
and shared with 15 members from each end-user group (MSM
and FSW) in informal, exploratory individual and small group

Figure 2. Proposed and designed logos.
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User involvement at this design stage aimed to receive user
perspectives, ensure their needs are met, and explore anticipated
challenges to inform the app design. End-users’ discussion
topics in small groups included the app name, layout, and
functions. Figure 3illustrates the sampl e outlooks and app name

https://formative.jmir.org/2021/10/e23204

RenderX

Mauka et al
discussions. The participantswere FSW and M SM with amean
age of 26 years (IQR 20-48), the majority (18/30; 60%) had
completed primary school, and 6.6% (2/30) had a college

diploma. In addition, most of the participants (21/30; 70%) were
self-employed.
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as proposed by end-users. All suggestions provided by the
end-users were submitted to the software developer for app
modification. The intended outcome wasto devel op an outlook
and application name, which is original, user-friendly, and
stigma and discrimination-free.
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Figure 3. Previous outlook and name of the app. PrEP: pre-exposure prophylaxis.
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Rigor Cycle
Piloting of the Jichunge App

The pilot was carried out in Dar es Salaam, where the app will
be rolled out and evaluated. FSW and MSM end-user
populations were recruited through their peersto participatein
the app's piloting phase.

We conducted 2 focus group discussions (FGD) before and after
using the app to explore participants' perceptions, experiences,
and challenges associated with using the Jichunge app. The
FGDsinvolved 20 members of the HIV at-risk populations (10
FSW and 10 MSM). The participants median age was 27 years
(IQR 21-44), the majority (12/20; 70%) had compl eted primary
schooal, and 65% (13/20) were self-employed. Two PhD students
led the FGDs, one as afacilitator and the other as a notetaker.

A demonstration of the app’sfunctionalities and operationswas
performed for the users, and they were later invited to discuss
those functionalities, including expectations regarding the app
use. Each of the FGDs took an average of one hour.
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Following the FGDs, the Jichunge app was provided to the
participants. The app is only available by invitation to ensure
that only the target populations can access it and maintain
confidentiality. Participants were registered in the web-based
portal during theinstallation, using their mobile phone numbers
asillustrated in Figure 4. Theinstallation processtook 10 to 20
minutes, depending on the phone type and internet connectivity.

After installation, participants were given 2 weeks to use the
app, and they had the opportunity to communicate with adoctor,
one of the researchers, and a designated peer educator. During
this period, they were al so ableto consult the research team and
the software company.

At the end of the second week, participantswereinvited for the
second round of FGDs. Two FGDs, one for MSM and one for
FSW, were conducted. Discussionsfocused on their experiences,
perspectives, and challenges regarding using each of the app’s
functionalities and features. Suggestionsfor improvement were
also presented to the software developer for improvement.
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Figure 4. Jichunge app web-based admin portal.
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Usability M easures

The usability was quantitatively measured through user statistics
of various app features recorded in the app web-based server.
Data were extracted from the web-based server into Microsoft
Excel, then entered into Stata (version 13.1; StataCorp) for
analysis. The mean number of visitsto each of the 9 app features
per day was estimated and used to measure and monitor the
app's usahility.

Data Analysis

All qualitative data from FGDs and informal exploratory
discussions were done in Swahili, the language spoken by all
Tanzanians. Data from FGDs were recorded and transcribed
verbatim. Field notes were taken during the exploratory
individual or small group discussions. Datawerelater trandated
to the English language before conducting a content analysis.
We applied an open coding approach during the initial data
collection stage, where emerging subthemes were identified.
Various emerging and related subthemes were subsumed into
broader themes relevant to the app's design, functions, and
usability. These themes were later summarized and discussed
by at least 2 researchers. Relevant quotesfor each of thethemes
were summarized and used in the manuscript. Descriptive
analysis was done for quantitative data. Proportions were
calculated for categorical variables, and mean or median were
estimated for continuous variables as deemed appropriate. The
study was approved by the National Health Research Ethics
committee, Tanzania (NIMR/HQ/R.8a/\Vol.1X/3454).
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Results

Relevance Cycle

The results are presented based on the ISR framework cycles
adopted in the Jichunge app devel opment process. End-users
consultation revea ed that the high demand for developing and
implementing innovative approaches that can assist key
populations in health-related matters, including improving
uptake and adherence to PrEP. Members of the target popul ation
enthusiastically received theideaand expressed their willingness
to support such development. Users indicated the need to have
aculturally and legally sensitive application that would provide
anonymity and safety and yet offer a high level of desired
functions to accommodate such anonymity. Following users
suggestions, the investigators proposed indistinct termsto label
the target population groups in the app. The literature review
indicated limited access to health services among HIV at-risk
populations, including FSW and MSM in the African setting
[33]. Access to hedlth information and services among these
populations in mainstream public health facilitiesis associated
with many difficulties due to stigma and discrimination. Poor
adherenceto PrEP among at-risk popul ationswas also reported
and threatened the effectiveness of this preventive intervention
[26,34,36].

Jichunge App Main Functionalities

The final prototype of the Jichunge app has 10 various
functionalities or features, as presented in Textbox 1. The
outlook of the app features to the users is displayed in Figure
5. The Jichunge app can provide information on the participant’s
level of adherence to daily PrEP pills, allow gamification and
winning of prizes, register pillstaken, allow setting up of timed
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reminder messages, send acustomized reminder messagetothe the user with a peer educator or a health care worker, provide
user, provide a platform for real-time communication between  health education, and allow participation in various quizzes.

Textbox 1. A summary of the Jichunge app’s main functionalities. PrEP: pre-exposure prophylaxis.

Levelsand points. Shows aperson’s level of adherence per month.

Gamification: Provides a virtual view of the medication registration progress and displays a winning trophy that automatically enters the user in
gamification, allowing them to win various prizes, including mobile airtime, data, and others.

Drug registration: The user registers each time they take the medication for records.
M edication timereminder: The user can set up a personal time to be reminded to take the medication daily.
Notification: It notifies the user to take and register the medication per the medication reminder.

Communication with peers (WhatsApp feature): It offers the users an opportunity to communicate in real-time with atrained peer educator about
PrEP and other health service-related opportunities and challenges. They are also ableto discuss different social issues of relevanceto the key population
for HIV.

Communication with a health care provider (WhatsApp): It offers users an opportunity to communicate in real-time with a health care provider
(doctor) on PrEP and other health-related issues.

Discussion forum (chat room feature): A platform where users can chat with peers anonymously using autogenerated aliases.

Educational materials (Wor dPressfeature): The Jichunge app will contain educational documentsand pictorial presentations providing information
on learning about PrEP and common questions regarding PrEP. This platform provides users with information on PrEP-related issues.

Jichunge quiz: Users can take a quiz and have a chance to win airtime.

Figure5. Fina outlook and functionalities of Jichunge app. PrEP: pre-exposure prophylaxis.
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Participants Reported Experiences Using the Jichunge
App

Overadll, participants expressed their satisfaction with the
Jichunge app and expressed their readiness to continue app use.
Some reported having proposed the app’s usefulness to their
peers who were not part of the pilot study. Participants praised
the reminder messages as being extremely useful. Even if they
did not have internet connectivity or airtime to receive the
message, one participant stated:

| have never received the message but, since | liketo
use the phone, once | see the app’slogo, | remember
to take medicine. [FSW FGD, participant 1]

Accessto educational content about PrEP and other HIV-related
information was of most interest to the participants. In addition,
the app served as a reference and source of information
whenever misunderstandings among members of the at-risk
population arose.

...I learn and know more about PrEP, you find many
things, considering there are things we are asked in
the group. If there is a question that has been asked
and you don’'t know the answer, you go there (into
the app), check, and come back to tell your
colleagues. [MSM FGD, participant 1]

Both MSM and FSW were excited about the app. They reported
that the outlook (logo) of the app, its features, and built-in
anonymity (members only) make it secure and confidential,
protecting their discussions and identities. An FSW from the
FGD narrated.

...Thisis going to keep our secrets because they will
not be able to just get it like eh! this WhatsApp. For
us, it looks like a baby app, the logo leaf, we are
mothers, so this is good and secretive. [FSW FGD;
participant 6]

Maukaet al

Users who provided feedback generally expressed positive
attitudes and acceptability of the app design and functions.
Suggestions for app improvement included redesigning the
discussion forum to match the WhatsA pp platform, with which
many study participants were acquainted. Users also had some
suggestions on the features that should be improved, including
the appearance of chat forums on its appearance and showing
current online users.

...This discussion forum is not somehow
appealing...Once you enter, you should at least know
how many are online...Sometimes you don't see the
message of other people. [MSM FGD, participant 3]

Moreover, users proposed changes in the gamification score
indicators to resemble everyday objects in their environments,
such as a ladder, speedometer, or a trophy used in football
games. End-users endorsed the app's name, Jichunge, a Swahili
word meaning “protect yourself.” Population-specific and
sensitive language trandation from English to Swahili
(Tanzania's national language) was also incorporated in the

app.
Usability Measures

The Jichunge app pilot study recorded 68 pill registrations
during thefirst 7 days, and on average, half of the users (10/19,
52%) registered the medicines taken per day. A third of the
users (6/19, 31.6%) had complete registration of their daily pill
taking. There were variationsin daily pillsregistrations among
the 19 participants, with 6 (31.6%) registering during the first
day and 12 (63.2%) on the second day, followed by 8 (42.1%),
11 (57.9%), 10 (52.6%), 11 (7.9%), and 12 (63.2%) during
subsequent days (Table 1). The users used, on average, 1 out
of 9 app features per day. The features visitation rates were
highest for WhatsApp (100/270, 37.0%) and WordPress
(102/270, 37.8%). WhatsApp's platform provided secure
communication with a peer educator or a doctor, while
WordPress contained educational materials about PrEP (Figure
6).

Table 1. Number of pill registrations per day during the first week of February 2020.

Day

Pill registrations per day (N=19), n (%)

~N o o~ W ON P

6 (31.6%)

12 (63.2%)
8 (42.1%)

11 (57.9%)
10 (52.6%)
11 (57.9%)
12 (63.2%)
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Figure 6. The number of App features used per day 3-10 February 2020 (N=270).
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: : critical inputs on the design, including logo, app name, and
Discussion features. The participants suggested several modifications, such
Main Findings astext delivery format, gamification, and improvementsin the

This paper presentsresults from aparticipatory design approach
in developing the Jichunge mobile app to improve adherence
to PrEP among MSM and FSW in Tanzania. The app includes
various functionalities that encourage not only adherence to
PrEP but also HIV preventive behaviors. The final version of
the application offers 10 unique features, as presented in
Textbox 1. The devel opment process, focusing on the relevance
and design cycles of the ISR framework, ensured optimal
end-user participation in the design and evaluation. MSM and
FSW are stigmatized and discriminated against in the
sub-Saharan region and Africaas awhole. Their behaviors are
deemed illegal, limiting access to population-specific health
services[26,34,36]. Therefore, innovative approaches are needed
to facilitate access and adherence to health-related services such
asPrEPfor HIV prevention. Studies have indicated that mobile
applications devel oped with adequate consideration of intended
users needs and preferences are morelikely to be utilized [37].
Hou et a [38] also stressed the importance of user-centered
involvement in developing relevant mHealth apps and ensure
usability. The user participatory approach provides an
opportunity to validate proposed app features and identify
relevant functional features for inclusion in the final design to
ensure effectiveness[27,39]. In the Jichunge app, users provided

https://formative.jmir.org/2021/10/e23204
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discussion forum. A user-accepted outlook (logo) may go along
way inimpacting service use by merely visualizing their phone's
logo. An appeding logo stresses the importance of a
user-friendly app’'s appearance in eHealth and mHealth
technologies[3].

As expected, the high usability of the application was observed
on the daily medicine registration feature. Given that this was
the first time these populations in Tanzania used an mHealth
application, the results are promising. Moreover, they indicate
the potential for future optimal usability. Therefore, an
innovative interactive mHealth application may go along way
in strengthening access to health information and access to
health services among these populations.

The discussion forum suggested an improvement to include
virtualization of other online members, which was considered
inthefinal design to provide asense of community engagement
[4Q].

Among the lessons learned during the introduction and
onboarding of participants into the app was ensuring wireless
internet connectivity, which reduces participants internet costs.
Moreover, to ensure that participants have a better opportunity
to learn more about the app, promotional posters, app
functionality fliers, and demonstration videos should be
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considered alongside verbal descriptions [41,42]. Findlly, in a
limited resource setting, planning for mobile application
intervention may be hindered by outdated versions of mobile
phones, which may not be compatible with most modern
applications.

Limitations

The results of this study should be interpreted in light of the
following limitations. Firstly, the usability measurement was
done through the number of visits to each feature by the user.
However, we acknowledge that visit statisticsfor some features,
such aseducational resources, may not indicate detailed (qudity)
reading. It would be more informative to have measures such
as design layout, comprehension of learning, and application
performance.

Secondly, at both the app design and pilot stage, we had
exploratory interviewswith only 30 participants and conducted
2 focus group discussions involving 20 participants. Although
these participants' sociodemographic characteristics did not
differ from that of the user population in the city, we
acknowledge that the participants may not represent the views
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and perspectives of the entire population of FSW and MSM.
We used strategic peer-led recruitment (respondent-driven
sampling) as the recommended recruitment method in
stigmatized, criminalized, and hard-to-reach populations.

Thirdly, the app's reporting of drug use may be affected by a
desirability bias, where people may decideto register treatment
administration without taking the tablet. Similarly, there could
be people who have used the tablet but did not register. Asin
many desirability-prone studies, confirmatory measures such
as pill counts and biological markers are recommended and
planned in our future trial using the Jichunge app.

Conclusions

The participatory design approach in mHealth app devel opment
helps assess and cooperate end-users experiences and
perspectives and identify potential challenges to guide future
app usability. The Jichunge app accounted for the sociocultural
and legal context of the target populations eliciting enthusiasm
with the potential to impact adherence to PrEP for HIV
prevention and general risk-free behavioral promotion.
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