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Abstract. Poor food hygiene practices, child feces not being disposed of in a latrine, child mouthing of contami-
nated fomites, and poor hand hygiene of caregivers have been associated with diarrheal diseases, environmental
enteropathy, and impaired growth in young children. Mobile health (mHealth) programs present a low-cost approach to
delivering water, sanitation, and hygiene (WASH) programs. We conducted a theory-driven and evidence-based ap-
proach to formative research and intervention development to design and pilot test a Baby WASH mHealth program
targeting food hygiene, child mouthing, and child feces disposal behaviors in urban Dhaka, Bangladesh. Formative
research activities included 31 semi-structured interviews, five group discussions, six mHealth workshops, and a three-
phase iterative pilot study among 102 households. Findings from semi-structured interviews and group discussions
indicate that caregivers of young children have relatively high awareness of the need for safer food hygiene, child
mouthing, and child feces disposal practices, but are limited by existing household responsibilities and restricted
access to enabling technology that would facilitate practicing recommended behaviors. The piloted Baby WASH
mHealth program was well-received by households. This study presents a theory-driven and evidence-based ap-
proach for intervention development that can be implemented for the development of future WASH mHealth programs

in low-resource settings.

INTRODUCTION

Diarrheal diseases continue to be a major cause of mortality
among young children globally, causing 500,000 deaths an-
nually.” The first 2 years of life are a critical window for child
health and development, and the water, sanitation, and hy-
giene (WASH) behaviors of caregivers are important contrib-
utors to both during this time.2® Exposure to fecal pathogens
dueto poorhygiene and water treatment practices inthe home
is associated with an increased risk of diarrheal disease and
environmental enteropathy (EE) in young children.®® EE is a
disorder defined by abnormal intestinal morphology, which
increases intestinal inflammation and reduces barrier function.
This disorder has been associated with impaired growth in
susceptible pediatric populations.”® Previous studies have
identified multiple risk factors for diarrheal diseases and
EE among young children, including poor food hygiene
practices,®"" child feces not being disposed of in a latrine,
child mouthing of contaminated fomites, and hand hygiene of
caregivers.* %2717 |t is important to recognize the unique
exposure routes to fecal pathogens for young children for
WASH interventions to be tailored for susceptible pediatric
populations.

Poor food hygiene practices among caregivers have been
associated with diarrhea in young children in multiple
settings.®'! Several interventions to improve food hygiene
behaviors in the home have been developed for rural
settings,'®1° but effective interventions in urban settings are
limited. A study conducted in Bangladesh found that 40% of
complementary food samples taken from urban and rural
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homes were contaminated with E. coli; and contaminated
food was associated with an increased risk of diarrhea among
young children.2® Our recent study in rural Bangladesh found
that mouthing of contaminated fomites, such as bottles, toys,
and wrappers with visible dirt, was observed in more than 60%
of children younger than 2 years, and was associated with
EE."®"7 Despite evidence showing an association between
childhood mouthing of contaminated fomites and poor child
health outcomes,'”?" there have been no intervention studies
published in Asia targeting child mouthing. Finally, sanitation
interventions typically focus on construction of improved
sanitation facilities and target adult defecation practices.='3
There is minimal attention given to safe disposal of feces from
child open defecation events,?22® despite unsafe child feces
disposal being common globally and associated with pedi-
atric diarrhea, EE, and impaired child growth,'314:20

Community-based behavior change interventions are often
expensive and difficult to implement in low-resource urban
settings.>* The use of mobile technologies for delivery of
health information, referred to as mobile health (mHealth), is a
promising, low-cost, scalable approach to facilitate behavior
change.?®2° Mobile phone subscriptions have grown enor-
mously worldwide: more than doubling over the last 10
years.®° It was estimated in 2017 that there were 85 million
unique mobile phone subscribers in Bangladesh, half of the
country’s population.®' Therefore, Bangladesh is an ideal
setting for mHealth behavior change programs.

The Cholera Hospital-Based Intervention for 7 Days
(CHoBI7). Household members of diarrhea patients are at
a much higher risk than the general population of develop-
ing diarrheal diseases (> 100 times for cholera) during the
7-day period after the diarrhea patient presents at a health
facility.32734 In an effort to develop an intervention for this high-
risk population, we developed the CHoBI7 WASH mHealth
program.3®3® The intervention includes sending voice and
text messages to diarrhea patient households to promote
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handwashing with soap and water treatment. Our recent
randomized controlled trial (RCT) of the CHoBI7 WASH
mHealth program showed significant improvements in hand-
washing with soap and stored household drinking water
quality and lower pediatric diarrhea and stunting over the 12-
month study period.®” This was the first RCT of a WASH
mHealth program and demonstrates that mHealth is a prom-
ising approach to facilitate WASH behavior change. We are
currently partnering with the Bangladesh Ministry of Health
and Family Welfare to scale this mHealth intervention program
across Bangladesh. Building on our previous work, the focus
of this study was to conduct formative research to develop
three WASH mHealth modules targeting safe child feces dis-
posal, improved food hygiene, and safe child mouthing
practices as a follow-on to the CHoBI7 WASH mHealth pro-
gram. We refer to this intervention as the “Baby” WASH
mHealth program, since this program focus on interventions
targeting young children.

METHODS

Study setting and participation. This research was con-
ducted in urban Dhaka, Bangladesh, from July 2018 to Decem-
ber 2019. Participants included caregivers of young children
(mothers, fathers, and grandparents) mostly in slum areas, and
government stakeholders. Caregivers of children younger than 5
years were our initial focus because children in this age group are
considered at risk for enteric disease because of fecal-oral
transmission of pathogens along our target routes of exposure:
food, fomites, and feces. We later chose to focus on caregivers of
children younger than 2 years based on preliminary findings that
our Baby WASH behavioral recommendations were more rele-
vant for this age group.

Theoretical approach. WASH programs for diarrhea
prevention often focus on information-based health educa-
tion in an effort to change health knowledge and behavior.*®
Although such programs may increase health knowledge,
they are unlikely to lead to sustained behavior change.334°
Programs informed by behavior change theories to tar-
get multiple behavioral determinants are more likely to suc-
ceed than programs that focus on increasing knowledge
alone.**2 It is also important for WASH programs to con-
sider the larger context and multiple levels that influence
WASH behaviors and enabling technology.*® In their con-
struction of the Integrated Behavioural Model for WASH
(IBM-WASH), Dreibelbis et al.** point out that part of ac-
knowledging that WASH behaviors operate in a multilevel
framework is considering factors that influence habit formation.
WASH behaviors are rarely one-time actions but rather require
repetition and relative automaticity to be maintained.*>°
Keeping this in mind, our approach to the formative research
and intervention development process presented here was in-
formed by IBM-WASH as well as basic habit science and
“nudging theory” as outlined by Neal et al.*34°

IBM-WASH considers the contextual, psychosocial, and
technological factors driving WASH behaviors at the structural,
community, household/interpersonal, individual, and habitual
levels, and has been applied for the development of several
WASH interventions,22-23:36:4346.47 \nje gpplied IBM-WASH by
developing our intervention with consideration of the influential
behavioral determinants that exist at multiple levels and in mul-
tiple dimensions, as identified through our formative work.

With respect to habit science and nudging theory, Neal
et al.*® take guidance from psychology, behavioral economics,
and cognitive science and assert that behavior is a product of
two “brain systems”: system 1 includes automatic, cue-driven
factors (e.g., existing habits), whereas system 2 includes ra-
tional, motivational factors (e.g., intentions). Behaviors that are
performed frequently in the same environment, like many
WASH behaviors, are thought to be part of system 1. The au-
thors subsequently outline eight principles that focus on system
1 “tactics” to disrupt existing habits and make small changes to
the environment, called “nudges”, that encourage the target
behavior: 1) managing physical availability of enabling tech-
nology and infrastructure; 2) leveraging context changes to in-
troduce new behaviors; 3) piggybacking on existing cues and
behavior; 4) managing perceived and actual friction to per-
forming a behavior; 5) supporting context-stable repetition; 6)
embedding ritualized elements in the behavior change process;
7) leveraging point-of-action reminders and situational cues;
and 8) highlighting descriptive and “localized” norms. Defini-
tions and examples of these principles/tactics are expanded on
in the Results section of this manuscript. In this study, we
sought to incorporate both system 1 and system 2 tactics for
behavior change into the Baby WASH mHealth modules.

Finally, this research recognizes that women, as mothers,
grandmothers, or other caregivers of young children, are often
the focus of WASH behavior change programs.*® The focus of
women as the target audience for WASH programs is a likely
reflection of existing roles and responsibilities in the intervention
context.*®4® However, focusing interventions exclusively on
women risks reinforcement of harmful social norms and puts the
onus of behavior change on women, who are already dispro-
portionately responsible for WASH-related responsibilities in the
home.®° In our formative research and intervention development,
we sought to include male household members both in our in-
tervention delivery and as targets for Baby WASH behaviors.

Study design. As noted, the Baby WASH mHealth pro-
gram was initiated as a follow-on to the CHoBI7 mHealth program.
As a result, much of the formative research presented here was
conducted with households that had completed the CHoBI7
mHealth RCT. In addition, the structure of the Baby WASH
mHealth program was predetermined by the CHoBI7 mHealth
program design. The four intervention components predetermined
by the CHoBI7 mHealth program design included 1) delivery of
mobile and voice messages using the VIAMO platform, 2) inclusion
of interactive voice response (IVR) messages as “quizzes” that
participants could respond to, 3) initial program delivery through an
in-person visit to deliver a pictorial module (pilot phases 2 and 3
only), and 4) involvement of two study “characters” for intervention
delivery, Dr. Chobi and Aklima. These two characters were de-
veloped for the CHoBI7 mHealth program.® Dr. Chobi is a doctor
at a hospital who calls and texts diarrhea patient households to
share information and reminders on recommended WASH
behaviors to keep children and household members healthy.
She is sometimes called “Dr. Chobi Apa,” meaning “Sister Dr.
Chobi.” Aklima is a woman who brought her child to a health
facility for diarrhea treatment and learned WASH behaviors
from Dr. Chobi. A complete description of the CHoBI7 mHealth
program, including formative research and development of
program characters, is reported elsewhere.3 There was no fee
to households for sending mHealth messages; sending bi-
weekly mobile messages for 1 year costs 2 United States
Dollars using the VIAMO platform.
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The three topics for the Baby WASH mHealth modules were
set a priori: food hygiene, child mouthing, and child feces dis-
posal. The focus of the formative research presented here was
on the development of intervention content for the Baby WASH
mHealth modules and piloting of the developed intervention.

Formative research activities included three components: 1)
exploratory interviews, 2) intervention development through
mHealth workshops, and 3) pilot studies of the Baby WASH
mHealth modules. The specific aims of the formative research
were to 1) explore practices and perceptions related to food
hygiene, child mouthing, and child feces disposal among
caregivers of young children and their household members; 2)
identify barriers and facilitators to performing the promoted
WASH behaviors; 3) identify beneficiary preferences for de-
livering the Baby WASH mHealth program; and 4) determine
the feasibility of program delivery.

Component 1: exploratory interviews. The field team
conducted nine semi-structured interviews in July 2018 with a
convenience sample of caregivers of young children from
CHoBI7 mHealth RCT households (n = 7) and their neighbors
(n = 2). The eligibility criteria for CHoBI7 mHealth RCT partici-
pants interviews is reported elsewhere.®53” Neighbors were
eligible to participate in an interview if they had a child younger
than 5 years in the home. Interviews followed a guide that
covered the following topics: types of food consumed by young
children, food storage and reheating practices, caregivers’ ex-
periences with child mouthing of dirt or dirty objects, child toi-
leting practices, child feces disposal practices, male household
member involvement in child and household activities, and
preferences for mHealth message delivery.

In addition, two government stakeholders at the Bangladesh
Ministry of Health and Family Welfare participated in semi-
structured interviews in October 2018 to explore the feasibility of
delivering the Baby WASH mHealth program as a national program.

Semi-structured interviews were conducted in Bangla (care-
giver interviews) or English (government stakeholder interviews).
Findings from exploratory interviews informed the content of the
Baby WASH mHealth modules tested in the pilot studies.

Component 2: mHealth workshops. Six mHealth work-
shops were held from July 2018 to June 2019 to develop and
refine text and voice messages and pictorial modules for each
planned mHealth module. Workshops were half-day or full-
day events involving the study team (including intervention
and project coordinators, health promoters, and investigators)
and ranged from 6 to 29 participants.

Workshops took place in parallel with other formative re-
search activities. Hence, intervention content was initially in-
formed by exploratory interview findings and later by the pilot
studies. Exploratory and/or pilot study findings were presented
during mHealth workshops to support the development of
candidate mobile messages and content for pictorial modules.
Following our theoretical approach, we applied findings to de-
velop intervention content to incorporate system 1 principles,
address identified barriers and facilitators across multiple levels
and dimensions of influence, and to specifically target male
household member engagement in the intervention. In each
workshop, participants drafted candidate messages in-
dividually or in small groups. Candidate messages and other
content were then presented to the larger group and refined in a
collaborative process. Intervention content was continuously
revised in an iterative process over the course of the six mHealth
workshops.

Component 3: pilot studies of the developed intervention.
We tested the developed mHealth modules over the course of
three iterative phases of a pilot study. The overall objective was
to refine intervention content and assess the feasibility and
acceptability of implementing the Baby WASH program. The
rationale for changes to the target population, intervention
content, and program delivery between phases is provided in
the Results. The pilot activities are summarized in Figure 1.

Pilot phase 1. In the first phase of the pilot study, we en-
rolled a convenience sample of 50 households that had com-
pleted the CHoBI7 mHealth RCT and currently had at least one
child younger than 5 years. Thirty-four households were in an
intervention arm of the CHoBI7 mHealth RCT and had pre-
viously received weekly mobile messages on handwashing
with soap and water treatment for 12 months in addition to
WASH-enabling technology (a handwashing station and wa-
ter vessel with lid and tap) and an in-person visit for delivery of
a pictorial module; 16 households were in the standard mes-
sage arm and had received no prior WASH intervention.3>%7

All pilot phase 1 households received at least bi-weekly
voice and text messages for up to 3 months from the Baby
WASH mHealth program.

Pilot phase 2. In the second phase of the pilot study, we
enrolled a convenience sample of 20 households also drawn
from the CHoBI7 mHealth RCT: 15 households were in an
intervention arm and five were in the standard message arm.
All households had at least one child younger than 2 years.

The 15 households previously enrolled in the CHoBI7
mHealth intervention arms received a modified Baby WASH
program including two home visits during the first week of
program delivery, cue cards on recommended behaviors, and
biweekly delivery of voice and text messages for up to 1 month.
The five households previously enrolled in the CHoBI7 mHealth
standard message arm received no WASH intervention but
were visited to assess behavioral outcomes (behavioral out-
come results will be reported in a subsequent manuscript).

Pilot phase 3. In the third phase of the pilot study, we en-
rolled 32 new households that had a diarrhea patient admitted
to the Dhaka International Centre for Diarrhoeal Disease Re-
search, Bangladesh (icddr,b) hospital for treatment in the past
24 hours to mirror the original design of the CHoBI7 mHealth
program.®” The time patients and their household members
spend at a health facility for treatment presents an opportunity
to deliver WASH behavior change communication when per-
ceived severity of diarrheal diseases and the perceived benefits
of the promoted WASH behaviors are likely the highest.3%5"

Twenty-four households received a further modified Baby
WASH program including 1) a pictorial module delivered by a
promoter in the health facility; 2) two home visits during the
first week of program delivery; 3) a handwashing station and a
bottle of soapy water®® and cue cards on the recommended
behaviors; and 4) biweekly voice and text messages for up to
1 month. Eight households again received no WASH in-
tervention but were visited to assess behavioral outcomes.

Pilot study interviews and group discussions. Semi-
structured interviews (n = 20) and group discussions (n = 5)
were conducted with pilot study participants (caregivers of
young children) to explore barriers and facilitators to per-
forming the recommended behaviors and to obtain feedback
on program content and delivery. Group discussions had
between 8 and 15 participants and ranged in duration from 1.5
to 3 hours. Group discussions were facilitated by members of
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Activity

Key Findings/Challenges

Intervention Revisions

Phase 1 (50 Households)
Bi-weekly voice and text messages sent to households for
3 months (no home visits).
Targeted households with children less than 5 years of
age.
Population: Households previously enrolled in CHoBI7
mHealth RCT.

>

Some pilot participants reported that the mobile messages
were not sufficient for them to understand the key
behaviors promoted, and that in-person visits were needed.
Child mouthing messages were less relevant for children 2
to 5 years old because the behavior decreased.

CHoBI7 mHealth RCT standard message arm households
had more challenges with a) opening text messages and
responding to interactive voice response (IVR) quiz
messages, and b) practicing the promoted handwashing
with soap behaviors compared to previous intervention
households.

Male household members were not always sharing
mHealth messages with female caregivers.

Laboratory findings showed high fecal contamination on
balls and plastic toys young children put in their mouth,
and in rice given to young children.

A pictorial module and cue cards were added for each key
behavior. Modules provided in-person guidance on how to
receive text messages and respond to [VR quiz questions
before mobile messages were sent to households.
Subsequent phases only enrolled households with a child
under 2 years of age.

Based on laboratory findings, cleaning child toys with
detergent and water daily was added to the child mouthing
module, and a section was added to the food hygiene
module explaining the importance of reheating and safely
storing rice given to young children.

The length of text messages was reduced to less than 160
characters.

Program households were sent voice calls at 5 PM.

Phase 2 (20 Households)
Bi-weekly voice and text messages sent to households for
1 month and pictorial modules delivered during two home
visits.
Targeted households with children less than 2 years of
age.
Population: Households previously enrolled in CHoBI7
mHealth RCT.

¥

Male household members were not always engaged in key
behaviors.

Some beneficiaries were confused about how existing
practices related to the promoted key behaviors presented
in the pictorial module.

Some households reported that they didn’t use soapy water
because young children played with it.

Encouraged households during the recruitment process to
provide the numbers of the primary caregiver in the
household.

Added a slide to the pictorial module encouraging sharing
of mobile messages with other household members
(including children).

Added a slide encouraging men to be engaged in
performing the key WASH behaviors.

All captions under the photos in the pictorial module were
removed to make the pictorial module delivery more
interactive, and to not discourage those that could not read
the captains.

Photos that were reported to be unclear by beneficiaries
were retaken and tested in subsequent pilot households.

Phase 3 (32 Households)
Bi-weekly voice and text messages sent to households for
1 month
Pictorial modules delivered at the health facility to
diarrhea patients and attending household members and
during two subsequent home visits.
Handwashing station and soapy water bottle provided.

Participants requested a more detailed introduction on
how to respond to IVR quiz messages.

Pictorial modules allowed participants to more easily
understand program messages.

Instructions on the timing and duration of delivery of
program mHealth messages were included on a slide with
a photo of Dr. Chobi in the pictorial module.

A recording of Dr. Chobi’s IVR quiz message was played
in the health facility and in the home to introduce
beneficiary households to the sender of program messages

= Targeted households with children less than 2 years of
age.

* Population: Households of diarrhea patients newly
recruited from health facility.

FiGuRE 1.

the research team and took place at the icddr,b project office.
Semi-structured interviews and group discussions were
conducted in Bangla. Findings from pilot study interviews and
group discussions informed further modifications to the con-
tent and delivery of the Baby WASH modules for subsequent
pilot phases.

Data handling and analysis. Semi-structured interviews
were audio-recorded and transcribed verbatim. Exploratory
interviews were followed by debriefs and a discussion of
findings among the research team to help guide subsequent
interviews. Group discussions were audio-recorded and
detailed summaries were compiled based on field notes and
audio recordings. An in-depth, manual analysis of all tran-
scriptions and summaries followed, with organization of
findings by IBM-WASH factor block and by module topic
(Supplemental Tables 1-3). Organization by IBM-WASH
factor block facilitated the selection of determinants to tar-
get in our intervention program.

Throughout the formative research process, emergent
findings and developed tables were discussed by the study
team to identify salient themes related to the program’s target
behaviors. Additional target behaviors were developed as
findings emerged.

and to teach them how to respond to IVR quiz messages.

Pilot activities for refinement of the Baby WASH mobile health program.

Ethical approval. This study was approved by the Johns
Hopkins Bloomberg School of Public Health Institutional Re-
view Board and the icddr,b ethical review committee. All study
participants provided written informed consent before the
initiation of study activities.

RESULTS

The results presented here are those most salient to the
development and refinement of the Baby WASH mHealth
program, providing insights into existing food hygiene, child
feces disposal, and child mouthing practices, barriers and
facilitators to promoted Baby WASH behaviors, and prefer-
ences, acceptability, and feasibility related to delivering a
Baby WASH mHealth program for caregivers of young chil-
dren in this context. Table 1 presents the descriptive charac-
teristics for households in each of the pilot phases. Tables 2
and 3 present examples of intervention content informed by
formative research findings and our theoretical approach for
each mHealth module.

Module 1: Food Hygiene. Existing food hygiene practices.
Mothers of young children were typically the ones responsible
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TaBLE 1

Pilot participant and household characteristics at enrollment

Phase 1 (% or N) Phase 2 (% or N) Phase 3 (% or N)

Number of households enrolled
Number of participants enrolled
Number of children younger than 5 years in the household
Number of children younger than 2 years in the household
Mean age of caregiver (years), Mean + SD (min-max)
Caregiver gender
Female
Percentage of caregivers who can read or write

Percentage of households where at least one member can read and write

Household roof type
Tin
Concrete
Other
Household floor type
Mud
Concrete
Half concrete
Other
Household refrigerator ownership
Household latrine type
Improved
Unimproved
Number of households sharing latrine*, Mean + SD (min-max)

50 20 32
141 55 116
58 24 37
47 23 32
27 + 6.6 (18-46) 27 + 8.1 (18-51) 26 + 6.2 (18-44)

98 95 100
86 95 81
96 100 97
68 35 72
30 65 28
2 0 0

6 0 3
90 100 97
0 0 0

4 0 0
52 65 31
96 70 100
4 30 0

4.9+ 3.4 (2-14) 5.5+ 3.1 (1-14)

*Mean/SD value based on those households who shared the latrine.

for food preparation in the home. However, this responsibility
was delegated to the child’s grandmother if the mother was
busy with work outside of the home or household tasks.

Food preparation (e.g., cutting vegetables before cooking)
was generally performed in the household’s individual living
space (typically a single room), followed by cooking in a
communal kitchen. Vegetables and fruits eaten raw were
soaked before use out of concern for formalin, which is
commonly used as a preservative in Bangladesh; soaked
items were then considered “safe” for consumption.

Caregivers reported preparing food for children one to three
times per day, and two times a day for adults. Caregivers also
prepared different types of food for younger children, such as
khichuri (soft rice, vegetables, and lentils), eggs, cereal, or
noodles, noting that young children could not tolerate foods
eaten by older children or adults:

| do it because the food taken by us, like rice, meat,
vegetable—all are spicy, and he cannot take these foods.
As beef is fibrous, he cannot take it. How can he eat beef
with only four teeth?

Food prepared earlier in the day may be eaten throughout
the day, or only for a single meal; households varied in this
practice, often depending on access to stoves for cooking.
Food prepared the previous night was often eaten the next
morning. This food, referred to as “basi khabar,” was usually
reheated before eating if it had not become rotten overnight.
Rotten food, referred to as “noshto khabar,” was assessed to
be rotten by sight or smell and then thrown away. Sometimes
basi khabar was given to young children, but all households
said that noshto khabar was not eaten. Some participants
mentioned that they also throw away basi khabar, as it may
cause an upset stomach. Relatives encouraged caregivers to
cook food daily and feed the child in the home fresh food.

Cooked food was often covered with a metal or plastic lid,
referred to as a “dhakna,” immediately, or as soon as steam

had settled; plastic lids, called “fly covers,” had small holes for
ventilation. Households primarily used a food rack (“khanaduli” or
“meat safe”) to store food to protect it from pests and animals,
and to prevent children from playing with food (Figure 2):

| keep food in the food rack where ants can enter, but flies,
mosaquitoes, and cockroaches cannot.

Some caregivers, however, did not completely cover food
that was in the food rack.

Most households reported owning a refrigerator, but
preferred not to keep cooked food in the refrigerator be-
cause it changed the taste of the food. Instead, fresh fruits
and vegetables, raw fish and meat, and sometimes medi-
cines were kept in the refrigerator. One participant who did
keep cooked food in the refrigerator mentioned covering
food to prevent “smells (being) transferred from one food to
another food.”

Participants varied in their practice of reheating food cooked
earlier in the day or the night prior, often depending on whether
or not they had access to a stove. Food might be reheated for
guests or male household members because of preference and
expectation, even if it was not reheated for children or other
household members. Some households did not reheat re-
frigerated food before eating to save time and gas, instead
allowing food to warm at room temperature. In cold weather,
some participants mentioned that food can stay safe for alonger
time without reheating, and food cooked in the morning could
be taken at lunch without reheating. Other participants said that
their food storage practice did not change seasonally.

Children were primarily placed on the bed or floor to eat, but
caregivers mentioned that sometimes food fell on the ground
and children then picked it up to eat it:

Many times, we see if we give children a tasty food and it
drops on the ground, they put that dropped food in their
mouth.
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Example behavior change techniques and mobile messages informed by system 1 principles/tactics of behavior change

System 1 principle System 1 principle/tactics definition

Intervention component/technique

Example mobile messages

Managing physical
availability

Ensure critical products and
infrastructure are immediately
and consistently physically
available.

Leveraging context
changes

Create or capitalize on context
change to drive new behavior.

Piggybacking on
existing behaviors

Piggyback on other existing
established behaviors in a
community.

Managing friction to
performing behaviors

Strategically increase friction
for the undesired behaviors
and lessen it for desired ones.

Supporting context
stable repetition

Reward repeated use at the
same place and time.

Inclusion of ritualized elements
in the new behavior to
promote adoption.

Embedding ritualized
elements

Leveraging point of
action reminders
and cues

behavior periodically, especially
when they are in the appropriate
context.

Highlighting descriptive Highlight descriptive and localized
and localized norms norms that reduce cognitive
demands.

Provided instructions on market
availability of water, sanitation, and
hygiene behavior-related hardware.

Included specific recommendations
for changes in season and life stage
changes for young children.

Added the behavior of cleaning child
toys and other objects with existing
washing/cleaning behaviors.

Highlighted the ease and convenience
of recommended behaviors.

Rewarded repetition of recommended
behaviors.

Integrated promoted behaviors into
ritualized cultural practices.

Reminding people of the promoted Created and called attention to salient

cues at sites to remind individuals of
the new meaning of the space.

Conveyed information on existing
practices in the community based
on responses from households
enrolled in the study.

Flies can carry diseases. Keep flies off
your food by using a food cover over
cooked food. You can purchase a cover
(“dhakna” in Bangla) at any bazar for
15-50 taka.

Look at how your child is growing! So
beautiful are our little ones as they learn
to walk. Now when they defecate they
spread feces everywhere. It is a big
mess! Do you think cleaning your child
first after defecation will reduce this
mess?

If you think “yes” press 1 and if “no” then
press 2.

At the same time you wash your clothes
each day, clean the toys and objects
your child normally plays with using
detergent powder and water. Dirt on
these objects can make your child sick
with diarrhea. Keep your child health
and happy!

It may seem hard at first to always wash
your hands with soap. However,
handwashing with soap can be easy. A
soapy water bottle is easy to make. Just
add six capfuls of detergent to a half-
liter plastic bottle and then add water.
Now your soapy water is ready!

Have you disposed of your child’s feces in
the toilet today?

Press “1” if yes or press “2” if no.

Pressed 1: “Great Job! Always dispose of
your child’s feces in the toilet, and wash
your hands after with soapy water.
Keep your family healthy!”

Pressed 2: “Keep trying! Always dispose of
your child’s feces in the toilet, and wash
your hands after with soapy water. Keep
your family healthy!”

When we dispose of our child’s feces here
and there, this brings dirtiness to where
we live and can contaminate our water.
We are required to always keep
ourselves and our homes clean as it is
said “cleanliness is the part of
holiness.” Share the message!

When you look at your courtyard, what do
you see? You see a special place where
your child plays, not a toilet. If your child
defecates in the courtyard, use a
scooper to remove the feces, dispose
of the feces in a latrine, and wash your
hands and your child’s hands with
soapy water. Keep your courtyard a fun
and safe space for your child to play.

80% of caregivers in your neighborhood
reported stopping their child when they
put dirty objects in their mouth when
they were playing. Like others in your
neighborhood, protect your child from
diarrhea by always watching your child
when they play outside and stopping
them from putting dirty objects in their
mouth.
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Ficure 2. Food rack for storage. This figure appears in color at
www.ajtmh.org.

Some mothers placed their child on a “gamcha” (a multipur-
pose cloth) or “raxine” (plastic sheet) to eat on. However, children
ages 2-5 years were generally not supervised while eating.

Barriers and facilitators to performing safe food hygiene
behaviors. In our discussions with caregivers, we identified
availability of gas for cooking, low self-efficacy to safely pre-
pare and store food because of a busy work schedule or
household tasks, perceived change in taste or smell if food is
stored in the refrigerator, and cold weather being viewed as a
time when food did not need to be reheated to be barriers of
safe food hygiene behaviors. On the other hand, facilitators to
performing safe food hygiene behaviors included perceived
risk of diarrhea from eating leftover food, perceived risk of
exposure to formalin from not washing fruit, and under-
standing that reheating food will make it safe to eat and that
covering food will protect it from dirt, insects, and rodents.

Intervention content to promote safe food hygiene behaviors.
Based on exploratory and pilot study findings, the existing liter-
ature on food hygiene recommendations,®>®® and a fecal ex-
posure analysis (results reported separately), we identified five
target behaviors for the food hygiene module: 1) handwashing
with soap or soapy water (detergent powder mixed with water as
a low-cost alternative to bar soap) before food preparation,
2) completely covering stored food, 3) reheating thoroughly all
leftover food fed to children, 4) washing food eaten raw with
running water, and 5) placing children on a mat when eating.

Given that soaking fruits and vegetables was already a
common practice, we emphasized the importance of using
running water to fully remove dirt before soaking. We included
mobile messages stressing that a food rack alone was not
sufficient for safe food storage and that food always needed to
be completely covered. Based on the finding that food given to
young children was often prepared separately, we emphasized
the need to store food given to young children in a refrigerator
(if available) within 2 hours and to always reheat food for children
to a boil (foods with a liquid consistency). Information explaining
the importance of safely storing and reheating rice given to young
children was also added based on the high fecal contamination
found in rice during the fecal exposure pathway analysis. For
storing food in a refrigerator, we encouraged households to
keep food covered tightly to ensure it kept its taste.

Following system 1 tactics, we included IVR messages
where participants were rewarded with praise for reporting
repeated handwashing before food preparation (principle 5).
We also developed mobile messages to be delivered during
winter months explaining that even though it was cold outside,
food should still be reheated before eating to ensure that it was
safe to eat (principle 2).

Module 2: Child Mouthing. Existing child mouthing practices.
All caregivers mentioned that young children played during the
day and never “stayed put.” Children played both inside and
outside of the house, with some children playing on the street. As
one participant said:

My child mostly plays in the road. Since there is no play-
ground anywhere in Dhaka City they play on the roadside.

However, caregivers primarily preferred children play inside
the household with toys rather than be outside getting dirty. Par-
ticipants reported that children liked to play with sand, mud, pieces
of brick, utensils, toys, and an array of other objectives, including
wrappers, match sticks, mobile phones, plastic bottles, television
remotes, cigarette butts, discarded fruit, and leaves. We were
also told stories of children brushing their teeth with sand, putting
detergent powder in their mouth thinking it was sugar, mouthing
human and animal feces, or licking the walls in their home.
Children were stated to put everything in their mouth that they
came close to because they did not understand what could be
harmful for them:

Children are small, they do not understand what things
can make their stomach upset and what things they should not
eat. We, the guardians, forbid them, but they do not under-
stand. .. They can put anything into their mouth, if they wish
they can put even put snakes and scorpions into their mouth.

They [children] play the whole day. They put whatever dirt
they get from anywhere in their mouth, as they do not
consider this dirt.

Most caregivers did not like when their children put dirty
things into their mouth because they thought dirt could cause
stomach aches and diarrhea. Caregivers did assert that it was
normal for children to put some items, such as toys, television
remotes, mobile phones, and money in their mouth, but that it
was not good for them to put feces and bricks into their mouth.
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A few caregivers, mostly elder caregivers, thought eating soil
was not a problem for child health:

Mothers-in-laws believe that children will eat the soil
amount for which they are made up of by Allah [God]. ..
usually children will grow up by eating soil and dirt. ..
usually all children in the village eat soil and dirt. . . Senior
people say, “Don’t worry, they will definitely be fine
growing up eating soil.”

During play activities, children were often with other children
in the neighborhood, or older siblings or adult caregivers were
with them. Caregivers reported that it was difficult to supervise
young children all the time because of lack of support and
busyness with household tasks.

Caregivers stated it was important to build awareness
around child mouthing behavior and that it was very important
to supervise children closely when they played, to wash their
hands if they get dirty, and to keep the household, child play
spaces, and toys clean.

Barriers and facilitators to performing safe child mouthing
behaviors. The perception that all children in their neighbor-
hood put dirty things in their mouth, the lack of support for
child supervision and access to clean play spaces, and elders
asserting that eating soil was not a problem for child health
were considered barriers to performing safe child mouthing
practices. However, high perceived risk of illness from
mouthing dirty things was a facilitator for safe child mouthing
behavior.

Intervention content to promote safe child mouthing behaviors.
We identified three target behaviors for the safe child mouthing
module: 1) cleaning toys with detergent or soap and play spaces
daily, 2) disposing of trash in a waste bin, and 3) watching young
children closely when they are on the ground and stopping them
if they try to put “dirty” things in their mouth, such as soil, dirt, or
wrappers.

We developed mobile messages that emphasized that even
objects such as toys, television remotes, mobile phones, and
money could carry germs that could cause diarrhea in young
children. Given the finding that children often mouthed house-
hold trash (e.g., discarded wrappers) if discarded outside on the
ground, we asked households to sweep play spaces daily and
use a designated dustbin for trash kept in the home.

In terms of system 1 tactics, we recommended that par-
ticipants add children’s toys to household laundry or dish-
washing (principles 3 and 6). This recommendation was also
based on the fecal exposure pathway analysis, which showed
high fecal contamination on balls and plastic toys children put
in their mouth.

Module 3: Child Feces Disposal. Existing child feces
disposal practices. We asked participants to describe defe-
cation practices of their children over multiple ages. Care-
givers had learned cues children gave before defecating.
Infants were said to defecate on bed covers, rags, or on a
raxine; these items were sometimes kept uncovered in a bowl
overnight to be washed at a later time. Caregivers were often
busy with household tasks during a child defecation event and
did not have time to dispose of child feces right away. Some
caregivers also used disposable diapers for infants; it was said
that households sometimes threw these diapers in an open
place (e.g., ditch) and that children had been observed playing

with them. Older children (primarily once ambulatory) used a
children’s potty or household latrine to defecate. Potties were
not always cleaned immediately after defecation events, with
participants again citing busyness with household chores.
Cleaning practices of used potties varied, with some cleaning
potties with only water and others using detergent powder or
liquid soap. Some caregivers mentioned that if potties were
washed with water alone, germs could still be present.

Some caregivers reported cleaning a child’s feces/the place
of defecation first, and cleaning the child second. One reason
given for this order was the feeling that it would be “disgusting”
if someone came and saw feces in the home. However, one
caregiver mentioned that the order of cleaning might change
depending on the state of the child:

Ifthe child cries after defecation, then | clean the child first,
if the child remains playful, then I clean the place of def-
ecation first.

Other caregivers said they cleaned the child first, with one
mentioning that if she did not clean the child first, then they
would “make all these (things/places) dirty.”

Feces in potties were primarily disposed of in the household
latrine. When feces were deposited elsewhere, caregivers used
old clothes to remove the feces, and then put it in a plastic bag,
dustbin, drain, ditch, or neighborhood garbage pile.

Some caregivers said it was “disgusting” when a child defe-
cated around the household, and that their feces could be spread
by feet. Others mentioned that if a child defecated around the
household, flies could sit on the feces and spread diarrhea.

We asked participants about different seasonal practices,
and were told that in the rainy season it was difficult to dispose
of childfeces in the latrine because latrines were often far away
and the rain outside was heavy. During this time, some care-
givers would throw their child’s feces outside their room on the
ground or kept their child’s potty with feces in the room until
the rain stopped.

We also explored perceived differences between child
and adult feces, with most caregivers saying there was no
difference—both were considered dangerous for child health.
However, a few caregivers thought adult feces were more
dangerous than child feces. As one participant said:

Child feces are different as they have no foul smell. Adult
feces have a fouler smell, thus they are dangerous.

Barriers and facilitators to performing safe child feces disposal
behaviors. Low perceived self-efficacy to clean child feces
right away because of other household tasks and the far dis-
tance of latrines, particularly during the rainy season, were
notable barriers to safe child feces disposal. High perceived
risk of diarrhea from not disposing of child feces in a latrine,
disgust around feces being present in the home, concerns that
neighbors might see undisposed child feces, and the avail-
ability of child potties were identified as facilitators of safe
child feces disposal behaviors.

Intervention content to promote safe child feces disposal
behaviors. We included six target behaviors in the safe child
feces disposal module: 1) disposal of child feces in the latrine;
2) disposal of diapers and soiled clothes in a waste bin; 3)
cleaning the child first after a defecation event, and then
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cleaning the site of defecation; 4) cleaning child potties right
after defecation events; 5) handwashing with soap or soapy
water after a defecation event; and 6) defecating on a raxine if
no child potty was available or if children were too young to sit
on a potty.

Based on the exploratory research findings, we recom-
mended that caregivers clean their child first and the area of
defecation second to prevent a child from crawling around
and spreading their feces, or playing with it. Mobile messages
also emphasized the importance of cleaning child feces im-
mediately after a defecation event, noting that child feces were
just as dangerous as adult feces. Given that not all households
had access to a child potty, we recommended that older
children be taught to defecate on a raxine designated for that
purpose.

In terms of system 1 tactics, we sent messages to households’
mobile phones telling them that most of their neighbors were
disposing of child feces in a safe location (principle 8). We also
reminded participants that the area surrounding their homes
should be seen as the child’s play space, not the child’s potty, in
an effort to encourage immediate removal of child feces from
these spaces (principle 7).

Involvement of male household members in Baby WASH
behaviors. We explored opportunities for male household
members to participate in Baby WASH behaviors and other
household activities to support mothers and other female
caregivers. Men were not usually involved in food preparation.
Participants mentioned that many husbands in their neigh-
boring households did not help their wives to prepare food and
had even stopped their older children from helping. Female
participants mentioned the need for men to help with house-
hold tasks, and suggested that men could help by bringing
water jugs, onions, chili, and plates needed for food prepa-
ration, or watching children while food was being prepared.
Participants had several suggestions for more balance in
household responsibilities around food preparation:

Every father needs to come forward to keep their child
safe. You should not be dependent only on one person.
The person who does all household chores, also has to
take care of the child, that will not work. . .. He (the hus-
band) must have something to offer for her (his wife). Men
can help in many ways.

Suppose you (the husband) came home and she (the wife)
was working on something. Small tasks where (she) needs
assistance, you (the husband) can assist her with tasks
such as cutting vegetables. . . taking care of the child. You
(the husband) can have a walk with your baby [while] your
wife is doing other work for you. That helps a lot.

Male participation was absent in narratives about feces
disposal practices. Participants suggested that men could
provide additional assistance by supervising young children
and helping to complete household tasks, which might alle-
viate some of the busyness that made watching children
closely during play, or cleaning up child feces immediately
after a defecation event, difficult. We asked men to help su-
pervise children during play, reminding them to discourage
children from putting dirty things into their mouth. Finally, we

recommended that men assist with child feces disposal,
highlighting that this was a job for both parents.

Acceptability and feasibility of the Baby WASH mHealth
program. Feedback from program beneficiaries. Across the
pilot studies, voice and text messages were well-received
by participants. Pilot participants said that mobile mes-
sages were clear and easy to remember, and that the con-
tent had made them more aware of, and motivated to
practice, recommended WASH behaviors. Many caregivers
also mentioned that their family members were encouraging
them to practice the recommended behaviors. Participants
reported changes in their existing behaviors as a result of
the intervention:

Before receiving the [program] messages, | used to use
soap pasted on the wall and this is also used by many
families. Now we use soapy water. My neighbor wanted to
know how to make a soapy water bottle; | helped him to
make a soapy water bottle.

Some pilot participants preferred both voice and text
messages, wWhereas others preferred either/or. When voice
messages were preferred, it was because the call came di-
rectly and was easy to understand, even by those that could
not read. A challenge, however, with voice calls was that
sometimes calls came at a time when the person in the
household was busy, or was difficult to understand in a noisy
place. Text messages were viewed as better by some because
they could be shared easily with others and could be saved to
be read at a later time:

Both voice calls and text messages are good, sometimes
when | am busy at work | cannot receive the call, in this
case a text message is better as | can read it later.

A challenge with text messages, on the other hand, was
that some phones did not support Bangla script. In this case,
Bangla phonetic using English characters was sent; how-
ever, this was not always easily understood. In addition, if
text messages were longer than 160 characters, they were
split into separate text messages that sometimes came in
the wrong sequence. Based on this feedback, during phase
1 of the pilot study, the length of text messages was reduced
to less than 160 characters, and language was further
simplified.

Participants were mostly enthusiastic about IVR quiz calls:

I like the quiz because | can know whether | was able to
give the answer correctly.

However, it was difficult for some to respond to quiz calls be-
cause they did not know how to press the buttons to answer.
Additional challenges identified with the messages included not
receiving messages due to a full inbox, changing sim cards fre-
quently, and children deleting text messages while playing games.

One additional challenge is that female household members
reported lower phone ownership than male household mem-
bers, and some said that mobile messages received by men
on their phones were not always shared with female house-
hold members. As one participant said:
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My husband receives messages, but | do not know.

By contrast, participants also reported sharing mobile
messages with household members and neighbors. One male
participant also mentioned asking for help from others to read
mobile messages:

| get text messages but | cannot read them as | am not very
educated, so my wife helps me to read the text messages.
When Dr. Chobi Apa calls me, | share this information with
my family.

To limit some of the challenges reported, participants
recommended that mobile messages be sent to both hus-
bands and wives. However, some female participants did not
want to share their contact number during recruitment be-
cause of concerns that their husbands may be suspicious of
whom they were talking to on the phone. We asked house-
holds to provide the numbers of the primary caregiver, when
available, and encouraged message sharing among house-
hold members. Most participants wanted to receive mobile
messages between 4 pm and 8 Pm and on Fridays (a day off
in Bangladesh). They preferred this time because this was
when most household members, including men, were
available in the home. Following this, we sent our messages
at 5 pm on Fridays.

In phase 1 of the pilot study, participants who had pre-
viously been enrolled in the standard message arm of the
CHoBI7 trial and therefore had no mHealth intervention
experience, struggled with the technical side of the in-
tervention, reporting more difficulty opening text messages
and responding to IVR quiz messages. As a result, we in-
cluded a phone tutorial in the subsequent pilot phases, in-
cluding an introduction of Dr. Chobi Apa’s voice and
character.

The character of Dr. Chobi Apa was viewed as a credible
source of health information because she was a physician
speaking from a hospital. However, one caregiver mentioned
that she did not consider health information coming to her
phone to be of high importance, as she received many calls
and messages from different places. Other participants said
they wanted to meet Dr. Chobi in person:

Definitely we like and believe Dr. Chobi Apa, but if we can
see her then we would have more satisfaction, she gives
us advice, makes us aware of how to better our life.

Some participants reported difficulty understanding the
mobile messages. Several phase 1 pilot participants recom-
mended we visit homes to explain the behaviors before
sending mobile messages:

Before sending [mobile] messages you have to make
them understand.

It is not sufficient to tell them over phone, they should be
taught in-person.

Participants preferred home visits on the weekends be-
tween 3 pm and 5 pm. Participants also recommended showing
pictures in addition to mobile messages. Based on this

feedback, we added pictorial modules and cue cards, de-
livered during home visits, to households in pilot phases 2
and 3.

The developed pictorial modules and cue cards were also
well-received. Participants reported that the pictorial modules
helped them to understand the key behaviors promoted, es-
pecially when the behaviors were new:

When you speak (send a voice message) we listen, but
showing us the photos makes us do the work exactly as it
is shown in the photo.

I liked the book (pictorial module) because it made us
understand by showing pictures and discussing how
germs can spread, how one can get diarrhea, risky period
for diarrhea. .. all these [things] matter, then discussing
how to get rid of diarrhea, when to wash hands with soap,
covering of food, having child sit on a mat. . .

Cue cards were considered good reminders to perform
the promoted behaviors, and a way to share intervention
content:

The [cue] cards are hanging on my wall; | see them the
whole day. Always when | look around | see them. . .. ... ..
[these cue cards] allow me to be more careful and check to
make sure what | am doing is okay.

We. .. can learn from looking at the photos of the cue
cards. . . other people who come to visit or guests can also
learn.

However, one caregiver mentioned that no photos of any
type can be kept in the same room where prayer is performed,
and she kept the pictures facing the wall as a result.

We made several modifications to the pictorial module based
on pilot participant feedback. We changed the order of the pic-
torial modules to start first by showing the current practices
observed in many households and following this by explaining
the promoted key behaviors. We also added specific content
encouraging men to practice Baby WASH behaviors. Finally, all
captions under the photos in the pictorial module were ultimately
removed to make delivery more interactive, and to not discour-
age those that could not read the captions.

In pilot phase 3, we provided households a handwashing
station and a soapy water bottle. After observing in pilot
phases 1 and 2 that households not previously enrolled in a
CHoBI7 mHealth RCT intervention arm had difficulty following
handwashing with soap recommendations because of the
absence of enabling technology, we decided to provide pilot
phase 3 households with these materials.

Feedback from government stakeholders. Government
stakeholders were very receptive to the use of mobile
phone messages to deliver the Baby WASH program and
expressed an interest in incorporating this program in their
National Operational Plan. They mentioned that mobile mes-
sages could be delivered using the government platform and
that this would reduce the cost of message delivery. Govern-
ment stakeholders stated that the government does not cur-
rently have a program solely focused on diarrhea management,
but one stakeholder suggested adding such a program:
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[We] do not have a program for direct management of
diarrhea patients; however, we want to prevent diarrhea
by advocacy communication, social mobilization, and
early detection of patients.

Government stakeholders also recommended both voice
and text messages be sent to households, mentioning that
they currently deliver both for their ongoing government pro-
grams and emphasizing the importance of voice calls for
nonliterate individuals.

DISCUSSION

The formative research conducted was a theory-driven and
evidence-based approach to developing a Baby WASH
mHealth program targeting food hygiene, child mouthing, and
child feces disposal behaviors in urban Dhaka, Bangladesh.
This is the first study, to our knowledge, to conduct formative
research and intervention development for a Baby WASH
mHealth program. We explored current practices and barriers
and facilitators related to Baby WASH behaviors and de-
veloped mobile messages and other intervention content
based on our findings, guided by behavior change theories
that acknowledge multilevel, multidimensional factors that
influence behavior change and habit formation.*34® We then
tested our developed intervention in an iterative pilot study,
and modified the intervention content and delivery based on
beneficiary preferences and acceptability and feasibility of the
Baby WASH mHealth program.

We added a pictorial module to the mobile component of the
intervention based on beneficiary feedback, which was well-
received. Based on reported difficulty understanding mobile
messages and accessing and responding to IVR quiz mes-
sages, we added an in-person tutorial on mobile phone use.
We also observed that female beneficiaries had lower rates of
phone ownership than male beneficiaries, and did not always
receive program messages. This finding is consistent with that
of previous reports, which found that 82% of male adults are
mobile phone owners compared with only 55% of adult fe-
males in Bangladesh.>* Therefore, our behavioral recom-
mendations, if delivered solely through mobile messages, may
not have reached all female household members. Delivery of
the pictorial modules in-person helped us ensure that program
content was accessible to more program beneficiaries. Our
findings highlight the importance of considering intervention
approaches that ensure equity in access to intervention con-
tent to household members.

Few WASH studies focused on young children have
explored caregiver perceptions around child mouthing behav-
iors.®® Most exploratory work has focused on child feces dis-
posal and food hygiene.'"'® Our child mouthing findings show
that caregivers are aware of what children are mouthing and
recognize risks of mouthing certain objects. In a separate study,
we showed that child mouthing of soil and contaminated
fomites in Bangladesh was frequent and associated with EE and
impaired growth, and that soil collected from child play spaces
contained pathogenic E. coli.'”®" These findings are consistent
with those of a previous study in rural Zimbabwe.®? In this pre-
sent research, some participants considered mouthing soil
important for encouraging child growth. Future studies might
develop easy to clean, affordable toys to facilitate safe mouthing
behavior in this setting.

Our formative research took guidance from both IBM-WASH
and basic habit science and “nudging theory” as outlined by Neal
et al.*® and their tactics to target system 1 drivers of behavior
change and habit formation.*® Although IBM-WASH has been
applied to the development of WASH interventions in several
contexts, 222336434647 oy plicit incorporation of system 1 tactics
is relatively rare.5%54 System 1 tactics are particularly relevant to
WASH behavior change programs.*® One study in rural Ban-
gladesh observed that physical availability of soap and water
at designated handwashing places increased handwashing
practices with soap behaviors (principle 1).2% Another study
conducted in Bangladesh among primary school students used
nudges to encourage handwashing with soap after using the
toilet.%* Because our intervention incorporated multiple behavior
change techniques, we were unable to disentangle the relative
effect of system 1 tactics compared with other techniques. Fu-
ture studies could compare the relative effects of system 1 versus
system 2 tactics for WASH behavior change and habit formation.

This study has several strengths. First, the 18-month du-
ration of the formative research gave us a detailed un-
derstanding of the facilitators and barriers to the promoted
WASH behaviors, and allowed us to modify the intervention to
address these findings. Second, we tried multiple approaches
to program delivery. Exploring mobile-only and mobile plus in-
person delivery of intervention content helped to identify
which modalities were best for program delivery. Third, we
made efforts in both program design and implementation to
incorporate multiple caregivers of young children, both men
and women, to promote balance among household members
for performing the promoted behaviors.

This study had some limitations. We focused our formative
research on two specific populations: previous CHoBI7
mHealth RCT households and recent diarrhea patient
households. Therefore, these findings may not be generaliz-
able to other populations. Given the type of intervention, we
also focused only on households that reported mobile phone
ownership, so this intervention is not designed for households
that share their phone with another household. Finally, this
intervention focused on behavior change at the household
and individual levels, as well as habit formation. However,
we identified several behavioral determinants at the com-
munity level, such as availability of playgrounds and sharing
access to stoves for cooking, that were outside the scope of
our mHealth program but should be targeted through future
neighborhood or city-wide programs.

There are several applicable recommendations for future
WASH or Baby WASH mHealth programs to be taken away
from this study:

1. Introduction of new and unfamiliar behaviors may be diffi-
cult to communicate through mobile messages alone. An
in-person visit and pictorial materials (e.g., cue cards) or
demonstrations may be required. Adapting pictorial mate-
rials, such as a flip-book or cue cards, for mHealth delivery
may be possible in a setting where smart phone ownership
is high.

2. Households are likely to have variable access to WASH-
enabling technology and infrastructure that would facilitate
Baby WASH behavioral recommendations (e.g., accesstoa
refrigerator or child potty, and uninterrupted access to
stoves). When enabling technology is not provided by an
intervention, alternative behavioral recommendations may
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need to be developed depending on what households have.
Mobile health programs might consider sending mobile
messages that are tailored specifically to household in-
frastructure and available technology.

3. Better balance in targeting men and women in WASH be-
havior change programs for child health is needed.*®*° We
identified two barriers to more equitable delivery of WASH
mHealth programs to both men and women. First, men may
be the primary owner of mobile phones and not always
share the mobile message content with female household
members. In addition, female household members may
not feel comfortable sharing their mobile number (when
they have one) because of concerns that their husbands
may be suspicious of whom they were talking to on the
phone. Mobile health programs should enroll all house-
hold member with phones to receive mobile intervention
content to maximize chances of reaching women in the
household. Mobile message content should also be sent
at a time when all household members are likely to be at
home (e.g., the evening) to facilitate message sharing.
Second, men were largely absent from female care-
givers’ narratives on existing Baby WASH practices,
often because they are away from the home during the
day. Baby WASH programs should identify behavioral
recommendations specifically for men that they are able
to practice when at the home (e.g., help with evening
food preparation and child care).

4. Finally, mobile literacy may vary substantially in a target
population. We recommend that future mHealth programs
assess mobile literacy in their target audience and design
mobile tutorials accordingly—this may require an in-person
tutorial, as was the case in this setting.

CONCLUSION

Young children have unique exposure routes to fecal
pathogens in the home environment, and Baby WASH inter-
ventions need to be developed and tested to limit exposure for
susceptible pediatric populations. We conducted a theory-
driven and evidence-based approach to developing a Baby
WASH mHealth program to target food hygiene, child
mouthing, and child feces disposal behaviors in urban Dhaka,
Bangladesh. Future studies are needed to determine the
feasibility of scaling this program and to assess its effective-
ness. This research provided several recommendations for
future WASH mHealth programs, and provides a model for
formative research for mHealth programs that could be
adapted and applied in similar settings.
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