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Abstract

The prevalence of non-communicable diseases, such as diabetes and cardiovascular disease, is rising in low-

and middle-income countries (LMICs). Health behavior change (HBC) interventions such as the widely used Diabe-
tes Prevention Program (DPP) are effective at reducing chronic disease risk, but have not been adapted for LMICs.
Leveraging mobile health (mHealth) technology such as text messaging (SMS) to enhance reach and participant
engagement with these interventions has great promise, yet we lack evidence-informed approaches to guide

the integration of SMS specifically to support HBC interventions in LMIC contexts. To address this gap, we integrated
guidance from the mHealth literature with expertise and first-hand experience to establish specific development
steps for building and implementing SMS systems to support HBC programming in LMICs. Specifically, we provide
real-world examples of each development step by describing our experience in designing and delivering an SMS
system to support a culturally-adapted DPP designed for delivery in South Africa. We outline eight key SMS develop-
ment steps, including: 1) determining if SMS is appropriate; 2) developing system architecture and programming; 3)
developing theory-based messages; 4) developing SMS technology; 5) addressing international SMS delivery; 6) test-
ing; 7) system training and technical support; and 8) cost considerations. We discuss lessons learned and extractable
principles that may be of use to other mHealth and HBC researchers working in similar LMIC contexts.
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Background

The global burden of disease has shifted in recent dec-
ades from infectious diseases toward non-commu-
nicable, “lifestyle” diseases, particularly in low- and
middle-income countries (LMICs). Health behavior
change (HBC) interventions such as the Diabetes Preven-
tion Program (DPP) have shown evidence in high income
countries for reducing diabetes and cardiovascular dis-
ease risk [1-3]. These programs focus on encouraging
healthy lifestyle changes, particularly weight loss through
dietary changes and physical activity, usually through
regular intervention sessions that are typically delivered
in-person.

For these same programs to be similarly effective in
LMICs they need to be adapted for resource-poor com-
munities where many residents are low-income, have
lower levels of education, have low health literacy, have
limited access to transportation, and there exists limited
capacity of health professionals to effectively deliver pro-
grams. LMICs also possess potential facilitators of HBC
programs. For example, mobile phone use is widespread
in LMICs [4, 5] and could be used within mobile health-
based interventions (“mHealth” [6, 7]) to expand the
reach of programs and increase the engagement of more
vulnerable communities.

mHealth broadly entails the integration of portable
and wireless technology (e.g., mobile phones) to enhance
delivery of health interventions [8]. The multifaceted
capabilities of mobile technologies can, for example, pro-
vide remote access to HBC program content, prompt
participants to implement behavior change strate-
gies, and provide on-demand reminders about program
requirements. mHealth technologies allow interventions
to extend interactions with program content beyond
core intervention sessions, enhance participant motiva-
tion for meeting behavior change goals, and support pro-
gram implementation. Studies in high-income countries
generally support the utility of supplemental mHealth
components to support HBC programs [9] but other con-
siderations may be more salient in LMIC contexts.

There are limited evidence-informed guidelines in
the literature for implementing mHealth in LMICs. A
few “universal” toolkits and frameworks do exist, yet by
design they are general in their direction and applicabil-
ity across various mobile technologies and intervention
applications. For example, the “mHealth Assessment
and Planning for Scale Toolkit” (i.e., MAPS [10]) focuses
on a set of suggestions (e.g., groundwork, partnerships,
finances, operations, evaluation) to help guide mHealth
development broadly. Also, Labrique et al. (2018) has
more recently developed a set of “practical considera-
tions for scaling digital health initiatives in LMICs” (e.g.,
program characteristics, human and technical factors,
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ecosystems [7]). A major limitation is that these extant
guidelines neither provide specific guidance regard-
ing the detailed nuances involved with selecting and
developing text messaging for HBC nor do they present
“short message service” (SMS; text messaging) as a single
mHealth technology of choice. SMS is generally a wide-
reaching, accessible, affordable, and popular mHealth
methodology and may be best fit in various intervention-
delivery scenarios for enhancing the reach and effective-
ness of HBC programs in LMICs.

Aim of this report

Our group recently completed a study in which we
adapted the DPP for a low-resource community in South
Africa (SA) utilizing community health workers (CHWs)
together with a supplementary SMS system to support,
extend, and enhance intervention delivery [11]. The
study was a two-arm parallel group cluster RCT with
crossover of the control arm. The work was conducted
in Khayelitsha, a rapidly expanding urban district out-
side of Cape Town, South Africa. 99% of the residents are
Black African, Xhosa-speaking, and face very high levels
of poverty. Our team partnered with well-established
NGO:s in the area to deliver the intervention via trained
CHW'’s. CHW’s worked with existing health promoting
community support groups (or “health clubs”) to con-
duct health screenings and delivering medications. Club
members who were overweight/obese were invited to
participate. The intervention was a seventeen-session
in-person video-based curriculum directly adapted from
the CDC’s National DPP program. A community advi-
sory board helped guide our research team’s adaptation
of the DPP, with all content, language, translations, and
components designed to be culturally appropriate for the
Xhosa-speaking residents of Khayelitsha. We have previ-
ously reported on the successful implementation of this
program (“Lifestyle Africa’, Catley et al. 2020) [12] as well
as a significant effect on HbA1C in a randomized trial
(Catley et al. 2022) [13].

The primary aim of this report is to discuss the process
that we used to design and implement an SMS system to
support the seventeen in-person sessions of the Lifestyle
Africa intervention, and to inform similar efforts. To do
so, we draw upon our specific experiences in developing
Lifestyle Africa, our broader expertise in mHealth design
and implementation, and integrate these perspectives
with broad guidelines in the field (e.g., WHO’s MAPS,
Labrique’s “practical recommendations”). Accordingly,
we identify eight development steps specific to SMS
that we posit were crucial to successful development
and implementation of the custom system in our South
African study and that we believe forms a framework to
develop other SMS-based mHealth intervention supports



Materia et al. BMC Public Health (2023) 23:1526

in other LMIC contexts. The development steps include:
1) determining if SMS is the appropriate mHealth
approach; 2) developing the SMS system’s architecture
and programming framework; 3) developing theory-
based SMS message content; 4) developing SMS technol-
ogy; 5) addressing specific requirements of international
SMS delivery; 6) establishing testing procedures of the
technology; 7) developing system training and technical
support guidelines for staff managing the SMS system;
and 8) ongoing monitoring and assessment of the cost of
sustaining the SMS system for the duration of the study.

Below we describe the steps and illustrate our real-
world experience implementing them to design the
Lifestyle Africa SMS system. We also address some of
the challenges of working internationally to deliver the
program, as mHealth interventions lend themselves to
delivery across the world and do not necessarily require
systems to be housed in the country or region in which
they are delivered.

Main text

Step 1: Determining if SMS is the appropriate mHealth
approach

Researchers first must decide which type of mHealth
approach (e.g., text messaging, mobile applications,
mobile web, or eLearning) is most feasible for their inter-
vention. One major factor affecting this decision is cel-
lular connectivity in LMICs. “Second-generation” (i.e.,
2@) cellular connectivity has existed since the early 1990s
and supports basic functions such as voice calls and
SMS. “Third generation” (i.e., 3G) cellular connectivity
emerged in the 2000s and added internet connectivity
to mobile devices, allowing for streaming of multimedia
content and mobile applications (i.e., “apps’, [14]). 3G cel-
lular infrastructure has expanded significantly in recent
years, but is still inaccessible in some very rural areas
[15]. Researchers must also consider if their target pop-
ulation mostly owns smartphones vs. basic “non-smart”
cell phones [16], some of which do not fully support
enhanced data capabilities [17].

Although SMS systems have fewer capabilities (e.g.,
limited multi-media, tracking, and content delivery
options) than other mHealth approaches, SMS can nev-
ertheless provide intervention support in key areas. For
example, messaging can be designed to help partici-
pants retain curricular content and knowledge between
intervention sessions. It can also provide motivation and
enhance self-efficacy for HBC [6, 17]. The SMS system
can also be designed to support and maintain contact
with participants across extended periods of time without
programming (e.g., holidays or logistical issues). Finally,
text messages can be used to increase participant engage-
ment and adherence by assisting with implementation
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planning and facilitating in-person participation (e.g.,
notifying participants which materials to bring to an in-
person session, providing reminders about session dates).

Selection of SMS to supplement Lifestyle Africa intervention
An initial survey of potential study participants revealed
that smartphone ownership was rare in our target popu-
lation in South Africa, so 2G connectivity was judged
to be the appropriate platform for reaching most of the
participants. SMS, therefore, represented the best imple-
mentational option to achieve project goals. This was
also consistent with evidence from the local context
where studies have documented the potential of SMS for
expanding health care access, facilitating health-promot-
ing behaviors, and increasing participant adherence in
community-based programs in SA [18, 19].

Step 2: Developing the SMS system’s architecture

and programming framework

System architecture and programming frameworks are
helpful for SMS implementation planning as they can
guide researchers in determining different parameters
for the way messages should be sent to participants. A
message architecture specifies aspects such as the mes-
sage types (e.g., texts sent to prepare participants for
the program, texts sent to remind participants of the
upcoming session, texts sent after intervention sessions
to reinforce content), timing and scheduling of message
delivery, the volume of messages, personalization and
any other advanced programming or logic considera-
tions. These frameworks should be broadly robust (i.e.,
applicable across different users, sites, and adaptable to
idiosyncratic disruptions such as different schedules for
different groups) and not produce additional barriers to
access (e.g., not sending messages at inconvenient times,
not sending an overwhelming number of messages),

The first SMS system decision researchers should make
is whether it should function as a two-way or one-way
messaging program. In two-way systems, participants not
only receive program messaging to their mobile devices,
but they are supported to text back questions and receive
individual attention and responses from program staff
assigned to monitor the system (e.g., CHWSs) or advanced
chatbots (automated systems that generate replies, often
based on keyword content). One-way SMS systems only
support communications to be sent to participants; par-
ticipants may text into the program, but in a one-way sys-
tem, inbound communications are not monitored in real
time (or at all) and participants would generally receive
no replies to their text messages. Deciding upon imple-
menting a two-way vs. one-way system involves discus-
sion around both pragmatism (e.g., does the project have
the available resources and staff to support consistent
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two-way monitoring and replies?) and need (e.g., does
the population and behavior require ongoing interactive
support to achieve targeted outcomes?).

Attrition and retention are key indicators of the sys-
tem’s implementational success, and conceptualization
and measurement of these outcomes may differ depend-
ing on system architecture — specifically, whether a one-
way or two-way system is built. For both types of systems,
if a “STOP” command is built in (i.e., a participant can
reply “STOP” at any time to leave the SMS program),
tracking the number of participants who opt out is one
metric for attrition. Regarding retention, most SMS sys-
tems will allow researchers to identify if participants are
successfully receiving SMS messages to their phones. For
one-way systems, retention can be measured over time
by tracking how many messages are successfully delivered
between and within individual participants. For two-way
systems that generally elicit dialogue between a coach
and participant or require the participant to reply to par-
ticular messages, participant responses can be tracked as
a measure of retention. Overall, to mitigate attrition and
support retention with the SMS system, a research team
member (e.g., a CHW) should be tasked with reaching
out to participants who are either not receiving their
SMS messages or not responding as requested. In some
cases technical assistance may be necessary (see “Devel-
oping training and technical assistance frameworks” sec-
tion below).

As a general rule of thumb when considering system
architecture, researchers must ensure potential partici-
pants will find the SMS system’s programming logic (i.e.,
timing, volume of SMS) to be culturally appropriate to
their needs and preferences. One way to ensure system
architecture matches the target population’s preferences
is to seek the help of a community advisory board (CAB)
made up of multiple stakeholders from the target com-
munity (e.g., local residents and community leaders) who
can assist researchers by making system programming
recommendations regarding timing and frequency that
would be acceptable to target participants [20]. Feedback
from the research team and from the CAB should also
be sought out to make decisions on the different types of
messages that will be sent.

Researchers should also consider specific require-
ments of the intervention program that the SMS system
is designed to support in terms of “types” of messages
and timing. For example, is it sufficient to send messages
from a single bank of messages (i.e., a single type) on a
consistent schedule over time (e.g., 2 weekly messages
from the bank for 8 weeks)? Alternatively, some interven-
tion programs may require different types of messages
to be sent at different times and at different frequencies
(e.g., there may be messages that need to be sent in the
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early phase of the program that are different from mes-
sages that need to be sent at a later phase and/or mes-
sages may need to be sent more frequently initially and
then taper). Based on these kinds of considerations, the
types of messages and the schedule may be quite simple
or very complex to design. Researchers should also con-
sider the possibility of potential schedule disruptions and
how any time-based message system will adapt to those
scenarios.

In many LMIC contexts, program participants may be
close friends, neighbors, or family members living within
the same household or community—and participants
may share their individual text messages with others. This
prompts another level of consideration of the system’s
architecture — the degree of personalization integrated
into SMS logic and content (e.g., including participants’
names, tailoring content to individuals’ data). With close
cross-participant interaction in mind, messages may be
more impactful if some elements of personalization are
adopted, which may enhance participants’ internalized
feelings of program “fit’, commitment, and engagement
[21]. For SMS programs that intend for all participants
to receive the same “dosage” and library of messages,
however, it may be necessary to avoid personalization
strategies that would result in differential treatment (e.g.,
participants receiving different numbers of messages, or
messages with different content).

Researchers may choose to adopt an SMS framework
that incorporates an individualized “tailoring” process.
This strategy from behavioral science is intended to
enhance motivation and engagement with intervention
content by making participants feel individually sup-
ported in achieving program goals and having a program
that is “personalized” for them [21]. Text messages sent
to individual participants can include tailored data that is
housed in the SMS system’s backend, such as participant
name, their specific behavioral goals and program pro-
gress, and other ongoing tracking or monitoring infor-
mation such as step counts or weight [22-24]. It is not
always feasible, however, to integrate personalized infor-
mation like this into message programming (e.g., due to
financial constraints for building this level of technology,
staffing constraints in finding time to update such data).
In this case, researchers can still develop a framework
that mimics a tailoring process for close-knit partici-
pants. For example, a simple randomization program-
ming scheme can make the order of all SMS message
receipts different for each participant. In this approach,
participants still receive equivalent treatment (in content
and ‘dose’ of SMS), as all participants receive the same
messages (and hence the same level of exposure to inter-
vention content); but in this programming scheme, mes-
sages can be delivered in random orders and at random
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times within segmented parts of the days that make the
participant SMS experience feel less homogenous, specif-
ically in the event they share their messages with another
participant.

Lifestyle Africa SMS system architecture and programming
framework

After careful consideration of resources available to sup-
port the SMS system, the research team decided that it
was more pragmatic to design the system architecture
and programming framework as being a one-way SMS
delivery system. Lifestyle Africa program staff were
already significantly burdened with program respon-
sibilities and there were no resources to hire additional
staff to monitor and respond to participant text messages
so a two-way SMS system was deemed not feasible and
likely an impediment to program scalability. Had it been
possible to engage additional staff on SMS system imple-
mentation and management, we would have considered
designing the system to be two-way. In this scenario, staff
members would have served as “SMS coaches’, answer-
ing program questions in real-time via SMS and provid-
ing tailored behavioral supports to participants as they
went about their daily routines practicing the skills they
learned in the last in-person Lifestyle Africa session.

The same CAB that was providing guidance on the sev-
enteen-session Lifestyle Africa curriculum was engaged
in the SMS planning and development process. This advi-
sory board was made up of multiple stakeholders includ-
ing local residents living with diabetes, local residents
with expertise in diabetes, and other community lead-
ers (e.g., representative of the provincial SA Department
of Health, a community elder). The CAB indicated that
most participants had employment, family, or healthcare
obligations between late morning and late afternoon. The
CAB also noted that three or more messages a day would
likely feel like an “overreach” and become an annoyance
to community members. The team used this feedback to
create a two-message per day programming scheme, with
the first text being sent early morning (i.e., between 9 am
and 11am) before participants generally left their homes
for the day and again in the early evening (i.e., between 5
pm and 7 pm) after participants had likely finished sup-
per and were home for the night.

See Fig. 1. The final SMS architecture and program-
ming framework outlined three SMS types, timing, and
scheduling of messages:

+ Type 1 consisted of “fixed messages” Fixed messages
were sent five days, three days, and one day before
session 1 to excite participants and encourage them
to come to the first Lifestyle Africa in-person session.
Fixed messages were also sent the evening before
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each of the following seventeen weekly intervention
sessions reminding participants about coming to
the in-person program and which specific materials
to bring. The intent was that fixed messages would
not only facilitate attendance and preparation, but
also support staff by reducing the need to personally
communicate with each participant individually each
week. Although personal calls from a staff mem-
ber may be more effective than a text message for
encouraging program attendance, the incremental
gain of a phone call over a simple pre-programmed
SMS was not sufficient to warrant the labor required.
Type 2 consisted of “session-specific messages”
sent twice a day at a random time to each participant
between 9 am and 1lam, and then again at a ran-
dom time between 5 pm and 7 pm. Session-specific
messages were sent on the six days between weekly
scheduled intervention sessions. These messages
were intended to enhance and extend programming
by continuing to reinforce the concepts learned the
last time participants met in-person, and support-
ing participants in enacting skills in their daily lives
that were assigned as “homework” or skill practice.
For example, after a participant attended Session 2
on a Tuesday, they received session-specific messages
for Session 2’s curriculum from Wednesday through
the next Tuesday’s session (Session 3); thereafter, the
SMS programming logic delivered session-specific
messages between sessions for the entire program.
All participants received the same session-specific
messages throughout the week, except each partici-
pant received their SMS in a random order to emu-
late an individualized tailoring process (in the event
they shared their messages with close others in the
program).

Type 3 consisted of generic “delayed holding pat-
tern” messages that could be sent in the event a
class was cancelled until programming resumed.
For example, in our SA community, businesses shut
down for multiple weeks in December and Janu-
ary in observation of holidays. In addition, during
the trial there were also multiple bouts of inclem-
ent weather that required rescheduling of weekly
sessions. We addressed this by including a “pause”
function in our SMS system that postponed send-
ing of session-specific messages until the missed
in-person session was able to be held. Continuing
contact with program participants during “paused”
or “off” time from the program was important in
order to maintain interest and engagement over
long periods without in-person meetings. To this
end, a set of generic “delayed holding pattern” mes-
sages (i.e., not tied to session content) were sent as
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PRE-SESSION 1 MESSAGES
(sent over the week before Session 1)

Day -5

WEEKLY “What to Bring” REMINDERS
(sent weekly the day before a Session)

Day -1 (Sessions 2-3) )

Day -1 (Sessions 4-6) o)

Day -1 (Sessions 7-17) )

Cyderepeats.unﬁldayofnextscheduledsession,
then session-specific messages re-initiate.
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SESSION 1 MESSAGES
(N=12; Day 1=Day of Intervention Session)

Weekly text message
pattern repeats throughout
course of 17-week program

J

Fig. 1 Lifestyle Africa SMS system architecture and programming framework

general support (e.g., broad motivational messages
encouraging healthy eating, general reminders to
track exercise) during weeks where programming
was postponed or paused and no new session-spe-

COMPLETION OF PROGRAM'S
CORE 17 SESSIONS —
SMS SYSTEM TERMINATES

cific content was being introduced. Upon resum-
ing normal programming, these delayed holding
pattern messages ceased, and the system returned
to its normal schedule and scheme for sending ses-
sion-specific message flows.
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Step 3: Developing theory-based SMS content for HBC
interventions

A crucial step in developing the SMS system is develop-
ing a library of SMS messages with a sufficient number
of messages to match program needs. A helpful starting
point may be reviewing the program’s core components
and contents (e.g., printed resources such as workbooks
or facilitator guides) to identify targeted content areas
across the various functional message types. Principles
of thematic analysis [25] can be used to examine the
intervention in its entirety and identify general content
areas. Generally, it is key for the research team to iden-
tify and prioritize focusing content areas around modi-
fiable behaviors that can necessitate change to improve
the health outcomes targeted by the intervention pro-
gram before crafting messages. Some common content
areas might include physical activity, healthy eating,
tracking (i.e., self-monitoring), stress management,
social support, or behavioral maintenance.

Messages should also be developed based on empiri-
cally supported principles of health behavior change.
There are over fifty theoretical frameworks in health
communication and behavioral science to choose from
[26] (e.g., the Theory of Planned Behavior [27], The
Health Belief Model [28], and the Persuasive Health
Message Framework [29]) that can be used to iden-
tify key constructs to guide message development. For
example, the bank of messages for a particular message
type might encompass messages from a variety of theo-
retical constructs or categories such as implementation
planning, motivation, or self-efficacy. The main recom-
mendation is that research teams develop or use mes-
sages with some theoretical grounding to ensure that
collectively the messages support behavior change in a
coherent and empirically grounded manner.

Working backwards from the established content
areas and “categories” of messages, the research team
can develop individual messages that fit within the pre-
determined types and categories. The number of mes-
sages needed within each content area and category
will have also been predetermined by the agreed upon
system architecture and programming framework (i.e.,
determined by such factors as the number of messages
to be sent per day and the duration of the program in
days or sessions). The entire message library should
be reviewed by the research team to ensure the mes-
sages accurately match core program content and rein-
force strategies from behavioral science for supporting
HBC. In addition, steps (e.g., formative research to
inform message development; pilot testing of messages)
may be taken to ensure that messages are reviewed
to ensure they adhere to social and cultural norms of
participants.
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Depending on the situation it may also be necessary
to develop messages in one language (e.g., that of the
research team) that then need to be translated to another
language (e.g., that of the local community). We strongly
recommend that any such message translation should be
conducted by bilingual, bicultural research team mem-
bers or hired professionals, and translation should be
cross-checked using an inter-rater method, such that all
messages are iteratively reviewed twice by two different
native-speaking translators.

Lifestyle Africa SMS content development

The research team completed multiple iterations of mes-
sage drafting, development, and translation with the
SA Lifestyle Africa CAB, as well as with bi-lingual SA
research staff. A complete Lifestyle Africa message library
of 336 messages across the three different predetermined
types was developed in English, and these messages were
carefully stratified by Lifestyle Africa curricular con-
tent recommendation (physical activity, healthy eating,
tracking, shopping/cooking, stress management, mental
health, social support, reducing barriers to change, and
behavioral maintenance). The Lifestyle Africa research
team members had extensive training and previous inter-
vention development successes working with the Theory
of Planned Behavior (TPB [28]) and the Health Belief
Model (HBM [27]) to develop HBC content. These two
theories focus broadly on addressing individuals’ per-
ceptions, cues, and self-efficacy for HBC, and behavioral
intentions and have been extensively applied to weight
related behavior change [30, 31]. Therefore, messages
were evenly distributed across five categories that were
selected and based broadly on constructs from the TPB
and HBM (reminders, implementation planning, motiva-
tion, self-efficacy, and affirmation). Messages were organ-
ized into an easy-to-use spreadsheet with different tabs
for each week of the Lifestyle Africa intervention. Mes-
sages were then translated by bilingual bicultural team
members using a two-step process in which one person
translated the message and a second person indepen-
dently reviewed the translated message. Members of our
CAB were then asked to review the entire SMS library to
ensure the language was aligned with the local vernacu-
lar and matched the cultural and social norms of partici-
pants. They were also encouraged to make suggestions
for improvement (e.g., if words and sentences seemed too
long or sounded too formal or informal). Table 1 displays
exemplar messages.

Step 4: Developing SMS technology

Assuming that researchers are not developing their tech-
nology themselves, they will need to identify technology
firms with whom to work; ideally, it is desirable to work
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with providers who are sensitive to and experienced with
the nuances of working with academic researchers in
international contexts. Finding such providers is typically
accomplished through word-of-mouth recommenda-
tions from other scientific investigators or practitioners
who previously implemented SMS systems in LMICs,
as well as other efforts (e.g., literature review, internet
searches). Discussions and negotiations with multiple
companies can lead to identification of the right technol-
ogy developer. Conducting a series of early meetings with
the selected developer, during which the research team
shares their SMS system architecture and programming
framework and drafts of messages (even if not in final
form) will help to determine the scope of the project and
pricing. This is particularly important for determining
the project timeline and ensuring the SMS system is pro-
grammed, tested, and fully functioning by the time the
intervention study is scheduled to begin. Researchers can
negotiate pricing for SMS development and implementa-
tion services and should finally agree upon a price that
fits their budget.

The technology developer then builds the web-
based SMS management system. Ongoing (e.g.,
weekly) meetings with the research team help to ensure
open communication with the developers as they proto-
type multiple versions of the SMS management system,
which are typically accessed via a website portal. A web-
based system is likely preferred (as opposed to a system
using native computer applications) so that members of
the research team in different geographic locations can
manage and monitor SMS activity from any device with a
web browser and internet.

The developer will also assist the research team in
deciding if their SMS communications should be sent
from a “short” 5-digit code, or a “long” 10-digit code
that appears more like a traditional phone number. For
participants to be able to identify SMS communications
from the program, a dedicated code or number must
be secured. This allows program participants to always
receive messages from the program from the same num-
ber, and allows them to easily find previous messages on
their mobile phones.

Lifestyle Africa SMS technology development

The research team met with and vetted multiple US and
SA technology companies to describe the project’s SMS
development and programming needs and obtain quotes.
The research team eventually decided to contract with a
US-based company that had prior experience and vested
interest in academic research and HBC via SMS. Spe-
cifically, the company had advertised on their website a
previous partnership with US academic researchers to
implement an HBC text messaging program in a foreign
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country. During initial meetings with the company, the
CEO provided an in-depth overview of how their team
approached international SMS campaigns with academic
partners in the past and provided some initial “ballpark”
thoughts on pricing for the project. Given this company’s
well-aligned experience and their proposal of a price
within the project’s budget, the research team quickly
decided to hire and execute a contract.

Early in the timeline of the overall project, multiple
months of weekly planning meetings between the com-
pany’s project managers, engineers, and Lifestyle Africa
research staff provided the company with all the relevant
information needed to design the SMS system. A draft
of the SMS library was sent to the company, as well as
an outline of the system architecture and programming
framework. Between these meetings and these materials,
the technology company was able to successfully develop
the system to meet the project’s needs in approximately
five months.

The developer designed a web-based system that
allowed for enrollment of program participants and their
personal mobile phone numbers into the SMS program.
Because there were multiple program locations with
associated cohorts moving through the program at some-
what different points in time, the systems allowed for
tracking of each location’s progress throughout the pro-
gram; this ensured the appropriate session-specific and
reminder messages were delivered to the relevant partici-
pants in sync with their location’s progress through the
curriculum.

The technology company also walked the research team
through the pros and cons of using a 5-digit “short code”
versus a 10-digit phone number. For example, some par-
ticipants’ mobile devices may block 5-digit short code
messages, misidentifying them for spam messages. On
the other hand, participants may mistake messages from
10-digit numbers as coming from a person with the
wrong phone number instead of the program. The CAB
was consulted and indicated that most local participants
would be more familiar with short codes, so research-
ers decided to select a 5-digit short code as the sender
number from which Lifestyle Africa participants received
SMS. The technology company helped the research team
develop language for participants around recognizing the
program’s short code and unblocking any receipt issues.

Step 5: International SMS implementation

If the technology developer is based outside of the coun-
try in which the program is being delivered, it is likely the
servers and technology that host the web-based SMS sys-
tem are also located in the country in which the platform
is developed. Establishing a “gateway” avoids consider-
able costs to the program and possibly to the recipient of
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sending international text messages. A gateway company
with international access to the LMIC’s cellular networks
is therefore most times necessary to facilitate sending
messages from the originating country to mobile phones
overseas to help control costs and ensure direct contact
with international participants. The SMS system’s domes-
tic platform and the gateway company must have com-
patible “application programming interfaces” (i.e., APIs)
to establish a successful connection. It is worth noting
that some particular countries require the SMS platform
to be housed within the country (or region) to which the
messages are being delivered to protect participants’ data
and ensure privacy (e.g. E.U. requirements as part of gen-
eral data protection legislation). To work around such
requirements, system integrations can still be accom-
plished by deploying the solution in cloud computing
systems that can be housed and maintained in authorized
regions based on local privacy legislation.

The SMS technology developer spearheads identifica-
tion, vetting, and recommendations to the research team
on cost-effective and reliable international gateway pro-
viders in the LMIC of interest (note that we discuss more
details about the costs in the “Costs” section below).
Once a gateway collaboration is established and com-
pany hired, the technology developer then works with
the gateway to establish the SMS system’s code for par-
ticipant communications [32]. The gateway provider will
provide a list of codes currently available in the country
of interest that the research team can choose from and
then dedicate the code to the system.

Lifestyle Africa international SMS implementation

The US-based technology developer explored multi-
ple international SMS gateway companies in SA, their
individual pricing structures, and other factors such as

South African
Gateway

\sms |
Custom web-based ~,
SMS management

portal

Adapted From: Schilling et al., 2013.

Fig. 2 Lifestyle Africa domestic system to international cellular gateway
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security standards. A recommendation was made to
partner with a company that was affordable, had a posi-
tive reputation for customer support, and most impor-
tantly used a technology platform that could successfully
connect with the SMS system’s API to successfully trans-
fer messages from the US platform to the SA gateway
(and ultimately out to SA cellular providers and Life-
style Africa participants’ mobile phones). See Fig. 2 for a
graphical depiction of international gateway integration.

Step 6: SMS system testing

After the web-based SMS management system is devel-
oped, testing procedures are necessary to ensure the
system is working as intended before real-world imple-
mentation with program participants [32—34]. The first
step involves identification of individuals involved with
the project who can serve as mock participants to test
the system. The system should be tested by individuals
present in all involved countries including the LMIC to
ensure the international gateway is working appropriately
and that SMS messages are successfully being delivered
internationally at the appropriate timing, frequency, and
randomization schemes.

Individuals who help test the system should be enrolled
in the SMS system and surveyed periodically during the
testing process to report on the days, times, and types of
messages they are receiving. Ideally, system messaging
should be tested with a phone from each of the major car-
riers within the destination country. System fidelity can
be evaluated by cross-checking tester responses to back-
end data in the web-based SMS system to ensure match-
ing between system function and the SMS architecture
and programming framework. In some situations during
testing, issues with system performance may be detected,
such as international testers receiving messages at the

South African
Program Participants’

South African
cellular networks
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incorrect times of the day or not at all. The research team
must keep detailed records of these errors, collate them
frequently (daily or a few times a week may be most pru-
dent), and report them back to the technology developer,
who can address the problems. The technology developer
can provide specific instructions for diagnosing issues
during testing, any standard troubleshooting suggestions,
and their preferred method and frequency for being noti-
fied of system bugs.

Lifestyle Africa SMS system testing

With the help of the domestic technology developer, sys-
tem testing was conducted at different rates and with dif-
ferent testers, allowing some testers to go through the
entire seventeen-week Lifestyle Africa SMS curriculum’s
flow, while other testers were only enrolled for a select
number of sessions. Multiple weeks of iterative testing
revealed a few minor system errors. Research staff who
identified the issues first tried to pinpoint the problem via
internal troubleshooting. If the research staff was unable
to alleviate the problem, the issue was triaged to the tech-
nology developer. If there was a programming issue on
the SA gateway’s end of the system, the technology devel-
oper worked to alleviate the issue, then reported back to
the researchers that the problem was resolved. This pro-
vided for rapid response and resolution to most issues
and had a clear communication process.

One example of an issue that arose during testing was
that one tester was not receiving any messages. After
working with the technology developers, the research
team determined that the tester’s phone number was
entered incorrectly during SMS enrollment. Another
example of an issue was that during one particular week,
multiple testers reported not receiving their text mes-
sages at the correct time. The research team worked with
the technology developer and identified an issue in dis-
crepancy between US daylight savings time and overseas
time zoning. The issue was quickly and easily addressed
by the technology developer.

Step 7: Developing training and technical assistance
frameworks

Given the possibility of errors of various sorts (e.g., user,
technological) throughout the intervention delivery
period, we suggest that researchers identify a team of
“SMS managers” — individuals tasked with day-to-day
management of the web-based SMS system concurrent
with core intervention programming. SMS managers’
general responsibilities might include, by way of example,
enrolling new participants into the SMS system and mon-
itoring SMS delivery schedules to match core program-
ming. SMS managers can also periodically check that the
messages participants at each location are programmed
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to receive match the planned SMS protocol with respect
to sequence, frequency, and timing.

The research team should consider developing training
materials in different formats to familiarize SMS manag-
ers with the web-based interface and ensure they under-
stand how to implement the system as intended. These
might include video tutorials that show step-by-step on-
screen recordings of using the SMS web-based manage-
ment system, and manualized guides with screenshots
and FAQs. The researchers also should consider hosting
multiple live (in-person or video-based conference calls)
with SMS managers to answer questions and conduct
real-time demonstrations to ensure they are able to dem-
onstrate functional competence with the SMS interface
and system management responsibilities. The technology
provider can assist in developing training materials and
facilitating training sessions.

Unexpected problems normally emerge despite exten-
sive testing. For example, it is not always possible to
account for how extreme weather, internet connectiv-
ity, or power supply issues in either the host country or
LMIC location may create system sending or receipt
issues. As another example, wireless network carriers
may change their guidelines without notice regarding
how they process short-code and 10-digit code SMS,
which might interrupt message delivery to participants.
As such, we believe it very helpful to develop a chain of
real-time technical support for SMS managers. Given
possible time zone differences between the research team
and the LMIC location, having some mechanism of sup-
port for SMS managers (ideally a direct emergency con-
tact at the technology developer) that they can access any
time is important for prompt reporting and response to
issues with SMS.

Lifestyle Africa SMS system training and technical assistance
The research team developed a variety of materials to
assist in training SA and domestic SMS managers for
enrolling participants and monitoring the system. This
included extensive training manuals that the domestic
technology developer helped create, printed FAQ sheets,
and step-by-step troubleshooting guides. Web-based
training videos were developed and hosted on a private
cloud-based service as a primary training tool for SMS
managers to watch. Web-based video was selected, as
in-person training of SMS managers in SA was not pos-
sible from afar in the US; even live-streaming video calls
needed to be minimized because they were hampered by
significantly different time zone differences and internet
stability issues.

A chain of technical assistance was implemented so
SMS managers would have real-time help if any prob-
lems emerged with the system. SMS managers would
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reach out to a dedicated email or phone number moni-
tored by research team staff. If research staff could not
alleviate the problem, they would triage the issue to the
technology developer, who provided proactive technical
assistance to address questions very quickly (most times
within a few hours). In the event a particular program
group had to cancel or postpone a session, SMS manag-
ers were also in charge of activating the “delayed holding
pattern” generic messages for that specific group, and
then re-starting session specific messages when normal
programming resumed.

Step 8: Cost monitoring and assessment

Researchers must ensure that the budget allocated to
support SMS implementation is enough to sustain the
cost of maintaining the system throughout the duration
of the intervention program. The SMS technology devel-
oper should help to guide budget planning at the begin-
ning of the project and inform researchers of all costs
that could be anticipated throughout the project. On top
of initial development costs (i.e., paying the technology
developer to build and assist with testing of the technol-
ogy), other financial obligations may include: paying a
nominal flat fee for each SMS message sent (which can
be purchased in batches as needed throughout the study
from the gateway company); possible rental fees (com-
monly charged annually, bi-annually, or quarterly) by the
gateway company to retain possession of the dedicated
phone number used for participant SMS communication;
and possible bi-annual renewal fees to the gateway com-
pany to maintain constant access to the LMIC’s cellular
network providers. Most SMS technology developers
should support monitoring of fees, purchasing SMS mes-
sages and rental/renewal costs as needed throughout the
project, and then invoicing all necessary purchases back
to the research team.

Continued monitoring and assessment of cost should
be an ongoing discussion point for the research team. For
example, if researchers want to add a new feature late in
the development process, there may be cost overruns. If
during the program there are high attrition rates, more
SMS messages will need to be purchased from the gate-
way than originally budgeted for. Staffing and partici-
pant support costs may end up requiring more resources
than originally anticipated. The recommendation here,
generally, is to consider cost thoughtfully within the
research team and with the developer, and to think and
plan broadly for possible scenarios that may result in
unplanned charges or extra fees.

Lifestyle Africa SMS costs
The total cost of building the SMS system, as quoted
by the technology developer, was within the research
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team’s budget. The research team’s institution was billed
monthly for SMS implementation and support fees. The
SMS developer paid up front costs to rent the project’s
dedicated short code from the SA gateway, as well as the
gateways’ annual renewal fee and the minimal cost per
SMS message sent. The technology developer invoiced
these costs back to the research team’s institution for
reimbursement. These cost data were carefully recorded
by the research team in order to conduct a cost—benefit
analysis of the overall program. More specific analyses
of the implementation costs associated with the Lifestyle
Africa trial are reported elsewhere (see Catley et al. [13]).

Conclusions
Given the rising prevalence of non-communicable disease
and lifestyle-related illnesses in LMICs, there is burgeon-
ing need for research on how mHealth implementation
can support and enhance the effectiveness of health pro-
grams through greater reach and tailored content to vul-
nerable communities. The primary purpose of this report
was to disseminate to other researchers working in simi-
lar contexts our proposed development steps for building
custom SMS systems, as well as the specific factors and
decisions that the Lifestyle Africa research team worked
through. The development and implementation recom-
mendations provided in this report align with a number
of the broad mHealth tenets from WHO and Labrique
and colleagues (e.g., iterative design approaches, technol-
ogy considerations, formative research with a commu-
nity advisory board) but provide information specific to
text messaging and also describe a real-world example of
our application of this guidance. For example, the exist-
ing broad mHealth in LMIC recommendations suggest
direct user-centered research with participants to define
architecture and content preferences. In some instances
to save resources, researchers may instead use relevant
partners (i.e., a CAB and research staff with signifi-
cant familiarity with target population norms) as prox-
ies to inform culturally appropriate approaches to SMS
design and implementation. As another example, WHO
and Labrique discuss training of end-users; however,
researchers may not always find it necessary to direct
participants on how to send and receive text messages
[7, 10]. Overall, the considerations of mHealth technol-
ogy development for an international SMS system (e.g.,
gateways, testing) are unique and differ for developing an
SMS system rather than, for example, a mobile app.
These SMS development steps were presented in what
we hoped was a logical order; in real-world practice,
however, these steps are not necessarily addressed in this
specific order. An iterative design and testing process can
be utilized [10, 32, 33]. As one area of system develop-
ment nears completion, it can be evaluated for efficacy
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(for its intended purpose) and re-developed if not work-
ing as needed, all while other areas of SMS work are in
different development and redevelopment stages.

Our suggested recommendations provide additional
ideas with unique detail specific to SMS. We broadly
recommend researchers be focused on creating mobile
SMS messaging that is highly aligned with tenets of the
program’s core curriculum so that messages bolster expo-
sure to the therapeutic components of the intervention.
Messaging should also be developed using theoretically
sound methods from behavioral science to ensure mes-
saging strategies are evidence-based, and therefore more
likely to effectively support HBC. We believe having this
set of SMS-specific guidelines (e.g., engaging a CAB,
inter-rater translation methods, technology development
and testing), that have been developed from mostly first-
hand experience and also build upon extant literature,
offer an effective “checklist” of sorts for other researchers
planning to integrate SMS into HBC programs in LMICs.

The case study was conducted in a very specific inter-
national population (i.e., Xhosa-speaking Black Africans
living in Khayelitsha, Cape Town, SA), so we recognize
that not all of the situationally-specific barriers faced and
decisions made by the Lifestyle Africa research team will
translate to all other contexts. Nonetheless, this report
contributes to a growing body of literature around the
potential of mobile technology for improving HBC pro-
gram implementation, expanding the reach of inter-
ventions by providing additional program supports to
participants, and using SMS as a method for enhancing
participant motivation and self-efficacy for HBC.

Abbreviations

LMIC Low- and middle-income country
HBC Health behavior change

DPP Diabetes Prevention Program

mHealth  Mobile health

SMS Short message service/text messaging
MAPS MHealth Assessment and Planning for Scale Toolkit
WHO World Health Organization

2G Second-generation

3G Third-generation

SA South Africa/South African
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Apps Mobile applications
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API Application programming interface
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