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Abstract

Background: Text messaging interventionscan be an effective and efficient way to improve health behavioral changes. However,
most texting interventions are neither tested nor designed with diverse end users, which could reduce their impact, and there is
limited evidence regarding the optimal design methodology of health text messages tailored to low-income, low-health literacy
populations and non-English speakers.

Objective: Thisstudy aimsto combine participant feedback, crowdsourced data, and researcher expertise to devel op motivational
text messages in English and Spanish that will be used in a smartphone app—based texting intervention that seeks to encourage
physical activity in low-income minority patients with diabetes diagnoses and depression symptoms.

Methods: The design process consisted of 5 phases and was iterative in nature, given that the findings from each step informed
the subsequent steps. First, we designed messagesto increase physical activity based on the behavior change theory and knowledge
from the available evidence. Second, using user-centered design methods, we refined these messages after a card sorting task and
semistructured interviews (N=10) and evaluated their likeability during a usability testing phase of the app prototype (N=8).
Third, the messages were tested by English- and Spanish-speaking participants on the Amazon Mechanical Turk (MTurk)
crowdsourcing platform (N=134). Participants on MTurk were asked to categorize the messages into overarching theoretical
categories based on the capability, opportunity, motivation, and behavior framework. Finally, each coauthor rated the messages
for their overall quality from 1 to 5. All messages were written at a sixth-grade or lower reading level and culturally adapted and
translated into neutral Spanish by bilingual research staff.

Results: A total of 200 messages were iteratively refined according to the feedback from target users gathered through
user-centered design methods, crowdsourced results of a categorization test, and an expert review. User feedback was leveraged
to discard unappealing messages and edit the thematic aspects of messagesthat did not resonate well with the target users. Overall,
54 messages were sorted into the correct theoretical categories at least 50% of the time in the MTurk categorization tasks and
were rated 3.5 or higher by the research team members. These were included in the fina text message bank, resulting in 18
messages per motivational category.

Conclusions: By using an iterative process of expert opinion, feedback from participants that were reflective of our target study
population, crowdsourcing, and feedback from the research team, we were able to acquire valuable inputs for the design of
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motivational text messages developed in English and Spanish with alow literacy level to increase physical activity. We describe
the design considerations and lessons learned for the text messaging development process and provide a novel, integrative
framework for future developers of health text messaging interventions.

(JMIR Mhealth Uhealth 2021;9(5):€21177) doi: 10.2196/21177
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Introduction

Background

Depression and diabetes are both highly disabling and often
comorbid diseases that disproportionately affect patients with
a low-income and ethnic minority status. For instance, ethnic
and racial minority patients generally show ahigher prevalence
of these diseases [1], lower treatment rates [2,3], and worse
outcomes[4,5]. Thereisaneed for the design of more effective
self-management interventionsthat can target both these diseases
and are affordable, acceptable, and tailored to vulnerable
populations [6]. Promoting physical activity is a potentially
effective strategy that has positive effects on both mental health,
with a particularly strong effect on depression [7,8], and
common chronic diseases such as diabetes [9].

Mobile phone SMS, or text messaging, interventions have shown
great promisein hel ping individual s engagein healthy behaviors,
including physical activity [10,11] and diabetes salf-management
[12-14]. Most individuas currently own a mobile phone.
Smartphone usage across a wide range of demographic groups
is high (around 81%) and is on the rise. For instance, the
percentage of Black individuals (80%) and Latino individuals
(79%) that own smartphones is now similar to that of White
individuals (82%) [15]. Therefore, feedback and motivational
text messages might be effective in helping individuals with
depression and diabetesincreasetheir level s of physical activity
and improve their overall health.

However, thereislimited evidence regarding the design process
of text messages aimed at promoting behavioral changes [16].
Detailed accounts of complete content development processes,
including formative research and pretesting methods, are
underreported in the mobile health (mHealth) literature [17].
Among the published health text messaging studiesthat describe
their content design processes, there is great variability in the
methods utilized. Researchers have reported the development
of messaging based on public health guidelines [18-21], health
education curricula[14,22], theoretical models[16,18,20,21,23],
findings from quantitative surveys or focus groups
[16,18,19,21,23,24], evaluation by members of the research
team or outside experts [16,18,20,22], and pilot testing within
a subset of the target population [19,20,25]. Thus, this study
aimsto integrate various methods such as participant feedback,
pilot testing, crowdsourcing, and expert knowledge.

Moreover, very little has been described about the design
process of text messages tailored to low-income, low-health
literacy populations and non-English speakers. However, the
current consensusisthat digital interventions should emphasize
usability and engagement with content [26] and should be
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developed with users who are intended to benefit from the
intervention [27]. This perspective is fundamental to
user-centered design (UCD), a design approach derived from
the multidisciplinary field of study of human-computer
interaction. UCD entails the active participation of end usersin
product devel opment to enhance the understanding of user and
task requirements as well as the iteration of design and
evaluation [28].

In the context of health text messaging development, a UCD
approach consists of conducting preliminary research within
the target population to inductively identify any barriers that
they face and collect feedback about the content asiit is being
developed [21,29,30]. However, recruiting large groups of
participants within patient populations to test the content is
challenging. Online crowdsourcing platforms, such as Amazon's
Mechanical Turk (MTurk), are increasingly being used as a
means of acquiring feedback from a relatively large pool of
participants. However, relying solely on MTurk respondents
might not be entirely feasible asthese participants are not always
reflective of typical patient populations. Therefore, specifically
for research on the design of text messaging in underserved
populations, an argument can be made to combine
crowdsourcing with participant feedback.

Objectives

Considering the limited literature available and the lack of
consensus on best practices for designing a text messaging
intervention, particularly for low-income Spanish-speaking
populations, we aimed to develop messaging that was both
evidence based and responsive to user feedback. Here, we
describe the iterative design process of text messages for use
within an adaptive smartphone app for low-income ethnic
minority patients. We present anovel framework for health text
messaging design, the theory-informed UCD framework, which
integrates a UCD approach with crowdsourcing and expertise
within the study team. In seeking to advance the body of
knowledge of mHealth development methods, we provide
recommendations and lessons learned from designing text
messages in this popul ation.

Methods

Overview

Thistext messaging designispart of alarger randomized clinical
trial, the Diabetes and Mental Health Adaptive Notification
Tracking and Evaluation (DIAMANTE) trial (NCT 03490253)
[31]. Thistrial examines the effectiveness of a smartphone app
that uses a reinforcement learning algorithm to predict the
categories of text messagesthat are most effectiveinincreasing
a participant's physical activity, given the participant’s

IMIR Mhealth Uhealth 2021 | vol. 9| iss. 5 | €21177 | p. 2
(page number not for citation purposes)


http://dx.doi.org/10.2196/21177
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

contextual variables, such as previous physical activity, aswell
as demographic and clinical variables (eg, age, gender, and
depression scores) [32]. Although we plan to report the
effectiveness results of the trial in future studies, this paper
explains the development process of the different categories of
motivational text messages for increasing physical activity
targeted to individuals with comorbid diabetes and depression.
Thetext messageswere devel oped in 5 phasesthat incorporated
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crowdsourced feedback, study team feedback, and UCD
techniques (ie, card sorting, interviews, and surveys). The
process was iterative in nature as the findings from each step
informed the subsequent steps.

M essage Development Phases

The messages were created in English and Spanish and tested
in 5 phases (Figure 1).

Figure 1. Theory-based, user-centered design framework: phases and methods of the message development process. COM-B: capability, opportunity,

motivation, and behavior; MTurk: Amazon Mechanical Turk.
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Phase 0: Message Drafting

This phase occurred between August 2017 and June 2018. To
ground our intervention in an understanding of the enablersand
barriers to behavior change, we developed alibrary of concise
messages (n=200) based on health behavior change constructs
from social cognitive theory and evidence-informed guidelines
for mHealth interventions found in the literature (eg, gain and
loss framing, proximal outcomes framing) [33-37].

Phase 1: Feasibility Testing

This phase took place between July and December 2018. It
consisted of a feasibility study phase with English-speaking
(n=5) and Spanish-speaking (n=5) primary care adult patients
recruited from a safety-net health care setting. All participants
(10710, 100%) were diagnosed with depression, and 90% (9/10)
had diabetes [30,38]. A subset of messages (n=34) was tested
using a mixed methods approach that included a card sorting
task and individual semistructured interviews. For the card
sorting activity, participants were asked to sort text messages
in either English or Spanish (depending on their preferred
language) into 3 piles: liked messages, disliked messages, and
messages that were neither disliked nor liked (neutral).
Participants also provided the reason behind the placement of
the card in a particular pile. Although card sorting has been

https://mhealth.jmir.org/2021/5/€21177

\ k=10 /

previously used to validate expert-developed health text
messages among a group of nonexperts (ie, university students
and staff) [39], the use of this method in our study entailed
modification from the traditional card sorting protocol to adapt
it to our population of low-income patients [40]. For example,
the subset of messages represented in the cards was written at
a sixth-grade reading level. In addition, interviewers modified
the administration of the activity to accommodate participants
with limited literacy or communication barriers by providing
audiovisua cues, including reading the cards aoud and
successively probing for feedback after reading each card [40].

The individual semistructured interviews entailed a set of
open-ended questions that ultimately informed the thematic
content of messages and messaging characteristics [30].
Participants were al so asked about their perceived barriers and
facilitators of regular physical activity. Upon conclusion of this
feasibility phase, all messages (n=200) were further refined to
incorporate participant feedback and a cognitive framework for
behavior change—the capability, opportunity, motivation, and
behavior (COM-B) model—and edited and trandated by
members of the research team.
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Phase 2: Pilot Testing

This phase took place between January and April 2019. It
consisted of a 2-week technology acceptance pilot with
English-speaking (n=4) and Spanish-speaking (n=4) patients
with comorbid diabetes and depression recruited from the same
primary care setting as phase 1. Participants were enrolled on
arolling basis. The pilot entailed testing a subset of messages
(n=36), which were updated based on findings from phase 1
(ie, patient feedback from the card sorting activity and
interviews). |mportantly, these messages were tested within the
smartphone app prototype developed by authors AA and CRL
and Audacious Software for the DIAMANTE trial [32] (Figure
2). A total of 12 messagesfrom each theoretical category of the
full message bank were selected for testing to ensure that the
subset (n=36) was representative of our theoretical construct
categorization. M oreover, because we wanted to maintain some
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variability in messaging to evaluate the impact of the adaptive
learning algorithm, any messages that received negative
feedback in the previous phase were still tested in this phase.
The study team members monitored the messages received by
the participants. In addition, participants were called by ateam
member every weekday during business hours at a selected time
chosen by the participant to ask them about their experiences
with the app and to provide qualitative feedback on the
messages. Individualized implementation methods have been
recommended for enhancing participant buy-in in maintaining
commitment to the intervention once enrolled and minimizing
dropout ratesin mHealth studies[41,42]. Therefore, in addition
to eliciting regular and reliable feedback from participants on
the messaging content, we used a daily phone call strategy to
enhance engagement with the app and minimize dropoutsduring
pilot testing, particularly among Spanish-speaking participants
and those with limited health and digital literacy.
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Figure 2. Interface of the smartphone app and intervention text messages in atest user’s texting interface.
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Phase 3: Crowdsourcing

This phase took place between February 2019 and March 2019.
A subset of 90 messages (30 per category) composed of the 36
messages tested in phase 2 and 54 chosen at random was
surveyed among M Turk participants for motivational construct
categorization (Table 1). Although ahandful of messages (n=4)
tested in phases 1 and 2 received predominantly negative
participant feedback, we still included these messages in the
MTurk sample for variability to assess the impact of the
algorithm. Aseducational attainment and income are correlated
[43], we selected participants with high school education or less
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Physical activity is a great way
to feel better, boost your health,
and lift your mood. Aim for at
least 30 minutes a day of
walking at a medium speed.

Think about your loved ones
when you do not feel like going
for a walk. They are cheering for
you.

Exercise does not happen only
at the gym. Try to find time for
walking around your home,
neighborhood, or workplace.

to inform an intervention targeting low-income users. MTurk
participants were asked to read different messages and determine
their category (among the 3 overarching theoretical categories:
benefit, self-efficacy, and opportunity cues) to the best of their
abilities, based on the examples and descriptions provided.
Categorization questions were set up as multiple-choice
guestions with the 3 categories as possible options. The order
of the options was not randomized, but the sequence of the
guestionswas randomized. Correct rates (scores) of the English
and Spanish categorization questions were calculated for each
participant.
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Table 1. Demographic data of Amazon Mechanical Turk participants (N=134).

Demographic category Value, n (%)
Language
English 117 (87.3)
Spanish 17 (12.7)
L ocation
United States 119 (88.8)
Mexico 4(3)
South America 9(6.7)
Spain 2(15)

Phase 4: Expert Evaluation

This phase occurred in April 2019. After discarding messages
(n=10) based on poor performance in phase 3, 80 preselected
messages were rated for quality by the study team members
using a 5-point Likert-type scale ranging from 1 (poor quality)
to 5 (high quality). Theseratings were independently performed
to reduce bias. In addition, each team member was able to see
the entire original set of messages (n=200) and all data from
phases 1, 2, and 3.

Phase 5: Final Selection

A final bank of messages (n=54) was selected based on team
ratings, MTurk scores, and participant feedback. Analysis of
the final message selection and final content editing took place
from June to August 2019.

Results

Phase 0: M essage Drafting

We operationalized the constructs of social cognitive theory
(ie, self-efficacy and outcome expectancies) [33] into practical
cues and tips for physical activity in a subset of messages. In
addition, given past research that shows that exposure to
proximal positive exercise outcomes increases intrinsic
motivation among individuals who report lower levels of past
physical activity [34], we framed most messages in terms of
proximal outcomes and underscored the positive health-related
feelings associated with exercising [35]. Furthermore, we wrote
half of the messages with a gain framing, emphasizing the
benefits of physical activity, and half with a loss framing,
emphasizing what is avoided by doing physical activity [36].
Health communication research has shown that gain and loss
framing has the capacity to both increase engagement with
message content and change behavior [37,38]. Finally, wewrote
messages that followed individualistic, family, and peer
orientationsto cue participantsto increasetheir current physical
activity levelsaswell as messagesthat addressed environmental
congtraints for physical activity [44].

The messages at this stage (n=200) were in a draft form. We
aimed to refine the content after gaining a better understanding
of the barriers of and beliefs about physical activity of our target
population in the subsequent UCD phases, as we anticipated
some discrepancy between participants' identified beliefs and
barriers and those we found in the literature. We al so sought to
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identify any silent diabetes- and depression-related barriers for
exercise and how well the individualistic, family, and peer
orientations resonated with participants.

Phase 1. Feasibility Testing
Phase 1 consisted of implementing the UCD framework of end
user (patient) involvement to obtain qualitative feedback that

would alow us to make design decisions. Detailed results of
this phase have been published previously [30,40].

Card Sorting

Feedback on the existing content consisted of liking messages
that allowed for self-reflection, provided concrete ideas for
engaging in physical activity, and were highly mativating. In
general, participants disliked messages that they perceived as
repetitive. Participants also suggested that sticking to highly
motivating messages and personalized advice would strengthen
the content. Overall, out of the 34 messages evaluated in this
phase, 5 (15%) were predominantly liked (by 3 or more
participants), 2 (6%) were predominantly considered neutral,
and only 1 (3%) message was predominantly disliked.

Qualitative I nterviews

Key findings revealed 3 main health-related barriers: physical
limitations, chronic pain, and depression. We found that the
primary facilitators of physical activity included being able to
clearly visualize or understand the health-related benefits of
engaging in regular physical activity, self-motivation and
encouragement to change from asedentary to an activelifestyle,
and offering advice on how to engage in regular physical
activity.

Theoretical Inclusion

On the basis of participant feedback from the card sorting
activity and qualitative interviews, we identified the COM-B
model [41] as the optimal theoretical framework for message
categorization and conceptualization. According to the COM-B
model, behavior change is part of an interacting system
involving the key ingredients of capability, opportunity, and
motivation [45]. This model lays out a mechanism for the
development of effective behavioral health interventions:
changing one or more of these components to rearrange the
system and minimize the risk of default [45]. Although the
COM-B model draws from socia cognitive theory, which was
the origina chosen theoretical base for the messages, we
incorporated the COM-B model because it allowed for more
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optimal linking with our intervention design, as it was a better
fit for the opportunity cuesto be organized within our message
development process.

Accordingly, we reframed our library of draft messages to fit
into each of the 3 COM-B model constructs [30]. In targeting
the capability construct, which is influenced by interna
processes that direct behavior, we reconstructed the messages
that provided information on the determined benefits of physical
activity to highlight physical and social outcome expectations
as motivators for physical activity (72/200, 36%). The
opportunity construct explains the social or environmental

Pathak et al

factors that allow change to occur. Therefore, we decided to
redefine existing messages that addressed environmental
constraints for physical activity to emphasize cues for exercise
opportunities or suggestions on how to reduce or circumvent
these constraints (eg, restructuring routines and planning for
social support; 73/200, 36.5%). Finaly, for the motivation
construct, which is demonstrated by the skills and knowledge
necessary for change, we used existing messages that targeted
self-efficacy (55/200, 27.5%) through tips for building
self-management skills and self-beliefs of motivation and
confidence to exercise (Table 2).

Table 2. Sample of final selected messages by theoretical construct category.

COM-B2 construct Motivational orientation

Individual

Social

Capability (benefitsof physical  «
activity)

Opportunity (cuesfor engaging
in physical activity)

Motivation (self-efficacy for .
physical activity)

Physical activity isagreat way to feel better, boost
your health, and lift your mood. Aim for at least 30
minutes a day of walking at a medium speed.
Managing your body pain can be hard. Exercise can
help!

Going for awalk can improve your mood and clear
your mind.

It may be painful to start walking, but walking often
can help with pain relief.

Exercise does not happen only at the gym. Try to
find time for walking around your home, neighbor-
hood, or workplace.

Try not to sit for more than 30 minutes at atime.
You can walk around your home for a few minutes.
Too many things going on? Take a quick walk to
destress and take care of your health.

You do not need fancy thingsto get active. Comfort-
able shoes and awater bottle should work!

Be proud of yourself for making small changes. It
isnot always easy.

You are a strong person. Use that strength to keep
trying to reach your walking goal.

Believingin yourself isthefirst step toward reaching

When you are active, you have more energy to spend
time with your loved ones.

Your loved oneswill be proud to see the changesin
your health over time.

You are important to your loved ones. Being more
active can help you take care of them.

Being active can improve your mood. Thiscan help
you spend quality time with your loved ones.

Ask your loved ones for support to be more active.
Invitealoved oneto go on awalk with you. Usethis
time to catch up!

Change your routine. Go for awalk with loved ones
after dinner instead of watching TV.

Think about walking as away for you to visit new
places or parks with your loved ones.

You can inspire others by being active and staying
healthy.

Other people will start to see the changes you are

making for your health.

Think about your loved ones when you do not feel

your goal.

o Donotfed bad if you cannot walk very far. Start ~ «

slow. You will get better!

like going for awalk. They are cheering for you.
Do not worry if you are not walking as much as
other people. Everyone has their own speed.

8COM-B: capability, opportunity, motivation, and behavior.

In addition, based on the findings of common constraints for
physical activity among our target population, we integrated
content that touched on physical symptoms, such as pain, and
reframed messages to target the improvement of specific
depressive symptomswith the purpose of increasing behavioral
activation.

Phase 2: Pilot Testing

Overview

In the initial stage of this pilot, where we evaluated a
representative subset of 36 messages (12 for each of the 3
theoretical categories) streamed through the smartphone app
prototype, wefound that pati ents tended to not carry their phone
or not pay attention to the notification of text messages.
However, patients generally started paying more attention to

https://mhealth.jmir.org/2021/5/€21177

their phones and taking their phoneswith them more often after
afew daysinto the pilot. In addition, although patients did not
always remember receiving text messages when called by the
research assistant, all patients reported liking the messages. A
total of 75% (6/8) of patients reported feeling indifferent about
the timing of the messages.

Furthermore, 38% (3/8) of patients reported not liking the
messages in which they were compared with others (eg, other
people have the same medical conditions and walked more).
Messages about exercising with family members or about the
benefits of being healthy to support family members were
disliked by 25% (2/8) of participants, who reported not having
strong family connections. However, all patients reported that
they felt like they started walking more and that they wanted
to continue to receive messages past their 2-week trial.
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Following the compl etion of the pilot and based on the negative
appraisal among some patients toward messages aluding to
family member support, we removed any referencesto “family,”
“peers,” or “friends’ and replaced them with a blanket “loved
ones’ phrase. In the same vein, we decided to merge the family
and peer orientations as social and therefore reclassify the
messages as either individualistic or social.

Editing

M essage editing was performed by thefirst author. The purpose
of editing was the overall quality assurance of all existing
messages. The first round of edits focused on identifying and
correcting grammar, spelling, and punctuation errorsaswell as
simplifying syntax to alower reading level. All messages were
adapted to areading level of sixth grade or below (average=3.5).
A web-based readability tool [46] was used to measure the
reading level of each message using the Flesch-Kincaid grade
level formula. Messages with scores higher than 6 were edited
until they scored lower than the sixth-grade cutoff. A second
round of editsfocused on rewording to make the messages more
conciseto improve the experience of patients reading them. As
the number of characters that can fit in astandard SMSis 160,
messages with morethan 160 characterswere edited and reduced
to fit this parameter. However, as the research staff had
identified patient preferences for shorter messages in the
previous phases, most messages were aready under 140
characters.

Tranglation From English Into Spanish

The English text messages were translated into Spanish by the
bilingual research staff. The translated messages were aso
reviewed by a native Spanish speaker fluent in English. In
general, all translations were performed following a culturally
sensitive communication standard [47]. We adapted syntax,

Pathak et al

lexical content, and idiosyncratic phrases that have been
identified as key cultural aspects of trandlation in previous text
messaging intervention research [47]. This means that the
messages were not tranglated literally; rather, they were adapted
and reframed to consider the ethnic diversity and other important
cultural characteristics of one of the target populations of the
DIAMANTE study—Spani sh-speaking immigrantsfrom Latin
American countries. As such, neutral Spanish [48] words were
used to the extent possible, and forma Spanish was used
throughout (ie, using “usted” and its derivations in second
person pronouns). A trandlation key was developed to
standardize commonly trang ated phrases or words (Multimedia
Appendix 1). During editing, any changesto English messages
were simultaneoudly applied to the trand ated Spani sh messages.
Similar measuresto reducethe literacy level of English content
were applied to the Spanish content.

Phase 3: Crowdsourcing

In this phase, we submitted a representative sample of messages
(n=90, 30 for each theoretical category) to the MTurk
participants to test and validate the theoretical categorization.
MTurk testing enabled us to ensure that the messages had been
tagged in the right motivational categoriesand, therefore, refine
the content and select the best ones. Messages were placed in
theright category at an average of 58% (SD 0.21%) of thetime.
The MTurk respondents also rated messages for their overall
quality from 1 to 5. The highest-rated messages were those in
the benefit category. A total of 70% (63/90) of the messages
were put in the right category at least 50% of the time.
Furthermore, 11% (10/90) of the messages yielded a mean
percent correct categorization rate of 40% or less. These
messages were discarded from subsequent eval uations because
of their thematic ambiguity. Participants completed the survey
in an average of 6.5 minutes (Table 3).

Table 3. Amazon Mechanical Turk classification results of messages by theoretical category (N=30).

Theoretical category

Correct classification, mean n (%)

Benefit 21 (70)
Self-belief 16 (53)
Opportunity 15 (50)

A challenge with using MTurk was to recruit a larger sample
of Spanish-speaking workersto test the theoretical categorization
of the messages. Otherwise, the task requirements of our
categorization tests were easily implemented at the interface of
the platform. However, aswe found that the quditative feedback
about the message content from the testerswas either incomplete
or not helpful (ie, not reflective of the needs of our target
population), we decided to discontinue thistask after the second
round of testing.

Phase 4: Expert Evaluation

To assess the content adequacy of the messages, all coauthors
independently rated the high-performing messages of phase 3
(n=80) for subjective quality using a scale of 1 to 5. The
coauthors gave the messages an average rating of 3.6 (SD 0.59)
and reached aquality rating consensusfor agiven message only
3% (2/80) of thetime. A total of 60% (48/80) of the messages
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received a rating of 3.5 and higher. Quantitative ratings and
qualitative feedback were collected from each coauthor and
analyzed in aggregate.

Phase 5: Final Selection

Feedback from al 4 phases was combined to select the best
messages from the preselected subset from phase 4 (n=380).
Messages that compared patients with others with the same
medical conditions, which were predominantly disliked by
participants in phases 1 and 2, were discarded (4/80, 5%). Of
the remaining messages, those that were both sorted into the
correct theoretical categories at least 50% of the time during
phase 3 and rated at least 3.5 or higher in quality during phase
4 were considered as the clearest and highest impact content to
includein thefinal text message bank. This combined feedback
resulted in afinal bank of 54 messages, with 18 messages per
motivational category.
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Discussion

Principal Findings

Using a theory-based UCD framework, which consists of an
iterative development process blending UCD methods with
crowdsourcing and expert input, we produced a library of 54
motivational messagesfor aphysical activity SMSintervention
for low-income minority patients with comorbid diabetes and
depression over a 2-year period. The development process
comprised 5 phases: feasibility testing, pilot testing,
crowdsourcing, expert evaluation, and final selection.

L essons L earned

Patient feedback gathered in the UCD phases (1 and 2) was
overwhelmingly positive: most patients reported no preference
for the timing of message delivery, were receptive to receiving
motivational text messages, and reported wanting to continue
receiving messages upon conclusion of the pilot testing.
However, user feedback is prone to response bias, and it is
possible that such positive responses were because of patients
not wanting to disappoint the study investigators. Findingsfrom
the UCD phases were especialy helpful for discarding
unappealing messages and editing thematic aspects of messages
that did not resonate well with patients. For example, after phase
2, we rephrased any references to peer or familial relations to
abroader social denomination (loved ones) based on thefinding
that participants who reported not having a family disliked
messagesthat alluded to family support. The number of content
changes we incorporated over 2 rounds of UCD testing
underscores the importance of taking a user-centered approach
to the development of a text messaging intervention. Results
from the M Turk testing phase 3 showed that this platformis a
relatively inexpensive, accessible, and rapid source of datafor
the validation of message classification. Thus, we learned that
crowdsourcing methods are valuable for certain aspects of the
design processinwhich alarger group of participantsisdesired
or when seeking specific feedback that is not about engagement
with content, such as for determining the correct thematic
categorization of messages. Therefore, itisvaluableto leverage
crowdsourcing platforms as a more accessible and inexpensive
source of feedback. Finally, we found that expert input and
review (phase 4) rendered cohesiveness and reliability to the
design process, given that this stage consisted of making
independent ratings of the final set of messages to achieve
consensus on the best ones. This was particularly important
when it came to translating theory and evidence into succinct
and engaging yet actionable and motivational messaging.

Strengths and Limitations

The strengths of this study include the multistaged and
evidence-based development of cogent messaging that is
grounded in the available scientific best practices, health
behavior change and user engagement theories, and feedback
from target users. This process alowed usto design content to
match and adapt to the relevant needs of our patient popul ation.
Assuch, wewrote all messages at asixth-grade or lower reading
level, took cultural and linguistic appropriateness into account
during editing and trandation, and tested for acceptability and
clarity among target patients. However, this study has some
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limitations. For instance, the sample sizes for the UCD phases
were small and from one geographic location. However, the
purpose of qualitative user research is not to produce findings
that can be generalized to other populations but rather to
generate data about attitudes or behaviors based on direct
observation. Indeed, the UCD phasesin our study were used to
assess the acceptability and usability of a set of motivational
text messages for use in a future physical activity intervention
study tailored to adiverse clinical sample of low-income patients
with diabetes and depression. A second limitation of our study
is that although we did not collect demographic information
beyond language and the country of residence, MTurk
respondents are not likely to be representative of our target
population. Thus, despite the aforementioned benefits of
sampling from this crowdsourcing platform, findingsfrom phase
4 were interpreted with caution, only used for theoretical
category validation, and not used to inform subsequent content
changes. A third limitation is that MTurk respondents did not
receive the full set of draft messages (n=200) in the theoretical
category validation task, which means that we were not able to
collect categorization ratings for every message. However, we
had raters assess only a subset of messages (n=90) asameasure
to reduce the overall burden of the task and not overwhelm the
respondents. We also noted messages with motivational
construct ambiguity that were not tested in MTurk during the
internal expert review phase and later discarded them from the
final selection. A fourth limitation is that the MTurk
categorization responses are subject to method biasasafunction
of low motivation; that is, participants may have not been willing
or able to expend the required amount of cognitive effort and
thuswere less thorough in making accurate response selections.
Online recruitment methods such as M Turk have been criticized
as prone to yield samples full of low effort respondents [49].
However, we operationalized measures to reduce such biasin
this content validation phase, including providing clear and
precise definitions of the 3 motivational categoriesand providing
atrial run during the onboarding stage for MTurk participants.

Future Directions

This paper describes in detail the process for designing and
validating the content of an mHealth intervention that utilizes
an adaptive learning algorithm to deliver optimized and tailored
motivational text messages that promote physical activity.
Previous studies have utilized similar methodsto inform health
text messaging development, such as message drafting based
on behavior change theory [16,23] and public health guidelines
[18], survey responses of participants’ preferences [23], focus
groups and expert evaluation [18], and end user ratings of
content understanding and appeal [16]. However, the process
described herein is unique in that it integrates various design
methods previoudly reported in literature and incorporates
crowdsourcing via MTurk as an alternative content pretesting
method. Thisisimportant because beyond afocus on usability,
engagement, and implementation, alternative methods for
intervention development in general and text messaging content
in particular are alargely untapped area of inquiry in the field
of mHealth. This paper thus helps advance mHealth research
addressing intervention design processes, including content
pretesting methods, which are not commonly detailed in the
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literature [17]. However, there continues to be a need for
research on text messaging intervention design methodology,
especially that which explores how to best integrate behavioral
health theory in messaging content. There is also a need to
continue evaluating new empirical models of content testing,
including those that leverage crowdsourcing and online
recruitment methods such as Amazon's M Turk and Facebook.

Pathak et al

Conclusions

We present anovel, integrative framework for combining UCD,
expert input, and crowdsourcing to determine, create, and
improve the content of text messages of a smartphone app to
increase physical activity in low-income, English- and
Spanish-speaking patients with depression and diabetes. This
provides aresearch-based design approach for future developers

of health text messaging interventions. This framework can
potentially be extended to mHealth programs targeting other
vulnerable populations and health behaviors.
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