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Abstract
Background: The Cholera-Hospital-Based-Intervention-for-7-Days (CHoBI7) is a handwashing with soap and water
treatment intervention program delivered by a health promoter bedside in a health facility and through home visits
to diarrhea patients and their household members during the 7 days after admission to a health facility. In a
randomized controlled trial among cholera patient households in Bangladesh, the 7-day CHoBI7 program resulted
in a significant reduction in cholera among household members of cholera patients and sustained improvements in
drinking water quality and handwashing with soap practices 12 months post-intervention. In an effort to take this
intervention to scale across Bangladesh in partnership with the Bangladesh Ministry of Health and Family Welfare,
this study evaluates the feasibility and acceptability of mobile health (mHealth) programs as a low-cost, scalable
approach for CHoBI7 program delivery.
Methods: Formative research for the development of the CHoBI7 mHealth intervention included 40 semi-structured
interviews, 4 mHealth workshops, 2 group discussions, and a pilot study of 52 households to assess the feasibility and
acceptability of the developed mHealth program. Thematic analysis of the interviews and group discussions was
conducted by two individuals separately based on emergent themes, and then themes were compared and discussed.
Results: A theory- and evidence-based approach using qualitative research methods was implemented to design the
CHoBI7 mHealth program. Semi-structured interviews with government stakeholders identified perceptions and
preferences for scaling the CHoBI7 mHealth program. Group discussions and semi-structured interviews with diarrhea
patients and their family members identified beneficiary perceptions of mHealth and preferences for CHoBI7 mHealth
program delivery. mHealth workshops were conducted as an interactive approach to draft and refine mobile message
content based on stakeholder preferences. The pilot findings indicate that the CHoBI7 mHealth program has high user
acceptability and is feasible to deliver to diarrhea patients that present at health facilities for treatment in Bangladesh.
Both text and voice messages were recommended for program delivery. Dr. Chobi, the sender of mHealth messages,
was viewed as a credible source of information that could be shared with others.
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Conclusion: This study presents a theory- and evidence-based approach that can be implemented for the development of
future water, sanitation, and hygiene mHealth programs in low-resource settings.
Keywords: Mobile health, Water, sanitation, and hygiene, Diarrhea, Cholera, Bangladesh, Qualitative research
methods, Formative research

Background
Diarrhea is a leading cause of death in young children globally, causing an estimated 500,000 deaths annually [1].
Lack of handwashing with soap and water treatment are
important risk factors for pediatric diarrheal disease [2–4].
Globally, only 26% of the world’s population is estimated
to wash their hands with soap after coming into contact
with human excreta [5]. Previous work in Bangladesh
found that handwashing with soap before eating and feeding a child measured by structured observation was less
than 1% [6]. Water, sanitation, and hygiene (WASH) interventions promoting household chlorination of drinking
water, safe water storage, and handwashing with soap have
the potential to reduce diarrheal disease incidence in children less than 5 years of age an estimated 30 to 75% [7].
However, there has been limited success in encouraging
households to sustain these behaviors over time [8, 9].
Community-based WASH interventions are expensive
and often difficult to implement effectively in an urban
context in low-resource settings [10]. Effective scalable
WASH interventions are urgently needed to reduce diarrheal diseases globally.
Phone-based reminders are an emerging low-cost
intervention approach that has been shown to lead to
significantly improved case management and disease
prevention practices [11–15]. Furthermore, mobile
health (mHealth) presents a scalable approach for which
messages can be sent to a large number of households at
minimal cost and can serve as valuable cues to action to
facilitate behavior change. Phone access and ownership
have grown tremendously with mobile phone subscriptions worldwide more than doubling over the past 10
years [16]. In 2017, there were estimated to be 85 million unique mobile subscribers in Bangladesh--half the
country’s population [17]. This presents an ideal opportunity for mass mobile phone messaging of public health
information. However, there are no published studies, to
our knowledge, evaluating delivery of WASH intervention programs using mobile health.
Most WASH programs focus solely on educational
modules related to diarrhea prevention, and do not tailor
their interventions to their target population [18]. This
approach does not take into account the psychosocial,
technological, and contextual factors in a given setting
that could influence behavior. There is a growing evidence base demonstrating interventions that use health

theory are likely to yield greater behavior change than
those based on health education alone [19–24]. Theorybased interventions are guided by behavior change
theories and models that provide a framework for which
interventions can be delivered; examples include the
Theory of Planned Behavior, Protection Motivation Theory, the Integrated Behavioural Model for Water, Sanitation, and Hygiene, the Health Belief Model, and the
Risks, Attitudes, Norms, Abilities, and Self-regulation
(RANAS) Model [25–29]. In Contzen et al. which utilized the RANAS model, significant psychosocial factors
related to handwashing with soap practices were identified at baseline and then targeted in a subsequent behavior change intervention conducted in Ethiopia [30]. This
theory-based intervention resulted in significantly more
handwashing with soap at stool related events than
health education focused messages only [21]. However,
despite this growing evidence, the use of theory-based
behavior change techniques for large scale WASH programs is relatively rare [31].
CHoBI7 program

Household members of diarrhea patients are at a much
higher risk of developing diarrheal diseases (> 100 times
for cholera) than the general population during the 1week period after the diarrhea patient presents at a health
facility [32–34]. This is likely because of a shared contaminated water source and poor hygiene practices [33, 35].
However, despite this high risk there is no standard of
care for the household members of diarrhea patients. Furthermore, the time patients and their household members
spend at a health facility for the treatment of diarrhea presents the opportunity to deliver WASH interventions
when perceived severity of diarrhea and perceived benefits
of water treatment and handwashing with soap is likely
the highest [36]. Therefore, in an effort to develop a lowcost standard of care for this population during this 1week high-risk period, we recently developed a 7 day
health facility-based handwashing with soap and water
treatment program entitled CHoBI7 (Cholera-HospitalBased-Intervention-for-7-Days). “Chobi” means picture in
Bangla. This name was selected for the pictorial WASH
modules delivered as part of this intervention program.
The CHoBI7 program includes: (1) a pictorial module delivered using a flipbook on how diarrheal diseases spread,
and recommendations on proper handwashing with soap
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and water treatment; and (2) a diarrhea prevention package containing: chlorine tablets for water treatment, soapy
water bottles (a low-cost alternative to bar soap made
using detergent and water [37]), a handwashing station, a
water vessel with tap and lid, and a sticker and cue cards
on handwashing with soap and water treatment. A trained
health promoter delivers this pictorial module and diarrhea prevention package to diarrhea patients and their accompanying family members during a consultation
session bedside in a health facility [38]. This module is
then reinforced through 30 min home visits during the 1
week period of highest risk for cholera infection among
household members of cholera patients.
Previous randomized controlled trial of the CHoBI7
intervention

To evaluate the efficacy of the targeted 7-day CHoBI7
WASH intervention in reducing cholera among household members of cholera patients during their 1-week
high-risk period, we conducted a RCT of CHoBI7. We
compared the CHoBI7 WASH intervention to the standard recommendation given in Bangladesh to diarrhea patients at discharge on oral rehydration solution (ORS)
use. Delivery of the 7-day CHoBI7 intervention resulted
in a 47% reduction in overall cholera infections, and a
significant reduction in symptomatic cholera during the
1-week high-risk period [38]. Consistent with these findings, the odds of handwashing with soap at food and
stool related events during structured observation was 14
times higher in the CHoBI7 arm compared to the standard recommendation arm, and 94% of CHoBI7 households had free chlorine concentrations in stored drinking
water greater than the CDC recommended cut-off of 0.2
mg/L [39]. There were also no stored drinking water samples in the CHoBI7 intervention arm with V. cholerae.
Furthermore, the 7-day CHoBI7 intervention led to significant sustained improvements in household stored
drinking water quality and observed handwashing with
soap practices up to 12-months post intervention [40].
These findings demonstrate that the CHoBI7 intervention
presents a promising standard of care for cholera patient
households during their 1 week high risk period and can
result in sustained WASH practices over time.
Theory based approach for development of the CHoBI7
intervention program

Using a theory-based approach, the CHoBI7 intervention program was informed by components of Protection
Motivation Theory, IBM-WASH, and the RANAS Model
[25, 27, 29]. Using these theories and models, we developed behavior change techniques for the CHoBI7 intervention program targeting remembering, perceived
susceptibility and severity, cholera awareness, disgust, response efficacy, convenience, and self-efficacy (based on
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previous studies [18, 21, 30, 41–43]), and used Likert scale
statements to measure these psychosocial factors
(methods are published in George et al. [44]). By measuring these psychosocial factors during our recent RCT of
CHoBI7, we were able to investigate the underlying mechanism of change that led to the high handwashing with
soap behavior observed among intervention participants.
Response efficacy (judgments about the efficacy of a preventive response that will avert the perceived threat [29])
was found to mediate the intervention’s effect on handwashing with soap habit formation at the 1-week followup, whereas disgust, convenience, and cholera awareness
were mediators of habit maintenance at the 6 to 12-month
follow-up [44]. Our study was the first RCT of a WASH
intervention that conducted a mediation analysis to investigate the underlying mechanism of change in a low-income country.
Rationale for the development of the CHoBI7 mobile
health program

Based on this previous work, the Bangladesh Ministry of
Health and Family Welfare has expressed an interest in including the CHoBI7 program in the upcoming National
Operational Plan for Communicable Disease Control, and
has requested evidence be provided on low-cost, scalable
approaches that could be implemented to deliver the
CHoBI7 program across Bangladesh. Therefore, this
current study building on our previous work evaluates the
feasibility and acceptability of implementing a mHealth
program as a low-cost, scalable approach for CHoBI7 program delivery that does not involve frequent in-person
visits. This paper reports the formative research findings
from this study, which have informed the design of the
CHoBI7 mHealth program. The primary objective of this
formative research was to develop a WASH mHealth program that could be taken to scale by the Bangladesh Ministry of Health and Family Welfare to serve as cues to
action to facilitate sustained WASH behavior change.
In this study we take a theory- and evidence-based approach using qualitative research methods to design and
tailor the CHoBI7 mHealth intervention program for
our target population in Bangladesh. The CHoBI7
mHealth program developed through these formative research activities is currently being evaluated in a RCT.
This is the first RCT, to our knowledge, evaluating the
impact of a WASH mHealth program.

Methods
Formative research activities

The formative research activities had three components:
(1) intervention development through mHealth workshops; (2) semi-structured interviews and group discussions; and (3) a pilot study of the CHoBI7 mHealth
program. An overview of formative research activities is
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shown in Fig. 1. Research activities were a partnership between the Johns Hopkins Bloomberg School of Public
Health, the Bangladesh Ministry of Health and Family
Welfare, and the International Centre for Diarrhoeal
Disease Research, Bangladesh (icddr,b). The formative research aims were the following: (1) identify government
stakeholders perceptions and preferences for scaling the
CHoBI7 mHealth program in Bangladesh; (2) identify
beneficiary perceptions and preferences for delivering this
program (e.g. mobile message type, message content, and
message timing and frequency); and (3) determine the
feasibility of implementing this program (e.g. mobile
phone access and message sharing).
Intervention development

The CHoBI7 mHealth intervention program development targeted five key behaviors: (1) preparing soapy
water using water and detergent powder; (2) handwashing with soap at food- and stool-related events; (3)

Formative Research Stage
Development of the
CHoBI7 Mobile Health
Intervention Package

treating household drinking water using chlorine tablets
during the one-week high-risk period after the diarrhea
patient in the household was admitted to the health facility; (4) safe drinking water storage in a water vessel
with cover; and (5) heating of household drinking water
until it reaches a rolling boil after the one-week highrisk period. The CHoBI7 mHealth program was developed through a theory-based approach, which was informed by IBM-WASH and Protection Motivation
Theory [25, 29]. Intervention development was guided
by IBM-WASH to target the habitual, individual, interpersonal/household, community, and structural/societallevel factors that are drivers of our target WASH behaviors [25]. For example, higher-level contextual and
technological factors, such as national policies on
WASH and delivery of mHealth messages to the public
were considered through the engagement of government
stakeholders in intervention development; and habitual
level factors such as frequency of exposure to mobile

Activity

Intervention Revisions

Government Stakeholder Interviews

1st Mobile Health Intervention
Development Workshop

2nd Mobile Health Intervention
Development Workshop

1st Group Discussion

3rd Mobile Health Intervention
Development Workshop

• Added Bangla script
• Both voice and text messages included
• Added photo of female Dr. Chobi in
her 30s
• Promoters helped diarrhea patients to
save Dr. Chobi’s number in their
mobile phone in the health facility
• All text messages show Dr. Chobi as
the sender
• Voice messages shortened to 2 minutes
• Added summary text messages after
voice messages were sent
• Text and voice messages were sent out
at 5 PM in the afternoon

2nd Group Discussion

Pilot-Testing and
Revisions to the
CHoBI7 Mobile Health
Intervention Package

Government Stakeholder and Patient
Household Interviews

4th Mobile Health Intervention
Development Workshop

Fig. 1 Formative Research Activities for CHoBI7 Mobile Health Program Development

• All IVR messages stated "There is
no charge for your reply."
• Tutorial on how to respond to
quiz IVR messages
• Module in health facility on target
person for message delivery and
message sharing
• All text and voice messages state
"Please share this message.“
• Voice and text messages are sent
at least once every two weeks for 1
year
• Added mobile messages targeting
gender norms, nurture, and
remembering
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messages were explored by engaging pilot participants in
interviews and discussion groups. This multi-level approach allowed us to develop behavior change techniques to regulate factors identified during formative
research that facilitated or impeded the targeted
behaviors.
mHealth messages were developed to target the following psychosocial factors: response efficacy of the behavioral recommendations, remembering of handwashing
with soap, water treatment, and safe water storage, convenience (e.g. promoting the use of enabling hardware),
awareness of diarrhea transmission and prevention,
nurture towards children in the household, self-efficacy of
behavioral recommendations, feelings of disgust towards
feces, perceived severity and susceptibility, and gender
norms and roles (e.g. acceptability of the female household
members receiving mHealth messages) [25, 29]. Table 1
includes examples of the mHealth Behavior Change Techniques included in the CHoBI7 mHealth program to target these psychosocial factors and IBM-WASH
dimensions. These psychosocial factors were identified
through: (1) the formative research findings presented in
this publication (gender norms/roles, nurture, and remembering); (2) psychosocial factors associated with habit
formation and maintenance in our previous RCT of the
CHoBI7 intervention (response efficacy, disgust, convenience, and diarrhea disease awareness) [44]; and (3) factors
found in previous studies to be associated with WASH behavior change (self-efficacy and descriptive norms [25]
and perceived severity and susceptibility [29, 30]).
The CHoBI7 mHealth messages were developed during 4
mobile health workshops. The initial workshop in June
2016 was led by a mHealth expert that trained the study
team on techniques for delivering voice, text, and interactive voice response (IVR) messages. The second mHealth
workshop was later in June 2016, the third was in July
2016, and the fourth in September 2016. There were 6–10
participants in each mHealth workshop, and workshops
were 2 to 4 h in length. Workshop participants were
CHoBI7 research team members including the study intervention and project coordinator, health promoters, and
study investigators. During the workshops, contextual, psychosocial, and technological factors that emerged during
the qualitative research were discussed using the IBMWASH framework (Table 2). Mobile messages targeting
these factors were than written on a flip chart by team
members and discussed and refined as a group.
The VIAMO platform was used to deliver text,
voice, and IVR messages to pilot households (https://
viamo.io/). IVR messages were sent as “quiz” questions for recipients to assess their knowledge of the
WASH key behaviors recommended by the CHoBI7
intervention. There was no call- or text-back option
available, or hotline.

Page 5 of 18

CHoBI7 mHealth pilot

The objective of the pilot study was to identify the
feasibility of implementing the CHoBI7 mHealth program, and potential challenges for successful program
implementation. Fifty-two households of diarrhea patients (7 Control Arm, 23 mHealth with no home
visits arm, and 22 Intervention Arm 2) were enrolled
in the pilot study of the CHoBI7 mHealth program.
Diarrhea patients presenting at icddr,b Dhaka Hospital or Mugda Hospital in Dhaka, Bangladesh with
three or more loose stools over a 24 h period were
recruited for the pilot study. Households of diarrhea
patients were eligible for the study if they had a child
under 5 years of age and at least one household member owned an active mobile phone. Household members were defined as those individuals sharing the
same cooking pot with the diarrhea patient for the
past three days. Households were followed up to 3
months. The Control Arm (Standard Message Arm)
received the standard message in Bangladesh given to
diarrhea patients on the use of ORS (Additional file 1:
Table S1). The mHealth with no home visits
arm households received: (1) the standard message;
(2) one visit by a promoter to deliver the CHoBI7
pictorial module during the patient’s visit for diarrhea
treatment at the health facility; and (3) CHoBI7
mHealth voice and text messages at least once every
two weeks. The mHealth with home visits arm households received the same activities as the mHealth
with no home visits arm plus two – 30 min home
visits by a health promoter during the first week of
intervention delivery. A diarrhea prevention package
was given to diarrhea patients in the intervention
arms by promoters during treatment at the health facility. This package contained chlorine tablets for
water treatment, a soapy water bottle, a handwashing
station, a water vessel with lid, and a sticker and cue
cards on handwashing with soap and water treatment.
Participants were assigned to study arms based on the
day of the week they were admitted to each health facility. The pilot study was conducted in an iterative
manner where changes to the CHoBI7 mHealth message content and delivery were made based on participant feedback from semi-structured interviews and
group discussions between May to November 2016.
Semi-structured interview and group discussions

Forty semi-structured interviews were conducted from
May to November 2016. Respondents were selected
through convenience-based sampling [45]. There were
12 government stakeholder interviews to identify government stakeholder perceptions and preferences for
scaling the CHoBI7 mHealth program in Bangladesh;
and 28 intervention arm pilot participant interviews to

Factor Definition

The belief in one’s capabilities to
organize and execute the courses of
action required to manage
prospective situations. (Bandura et al.
1997)

Perceptions about which behaviors
are typically performed by others
(Cialdini et al. 2006)

Psychosocial
Factor

Self-Efficacy

Descriptive
Norms

Interpersonal Voice Message
This is Dr. Chobi Apa. Aklima is here with me again today
and wants to share her story with you. Aklima: My son was
very sick; he almost died. We took him to the hospital and
the doctors gave him treatment. Before I left the hospital,
they gave me a nice red handwashing bucket and blue
water bucket. Dr. Chobi Apa told me about washing my
hands with soap at four key times: before I prepare food,
before I eat, and after I use the toilet or clean my child’s
feces or anus. I have followed all these instructions all the
time, and my family is now healthy and happy!
Dr. Chobi: Thank you Aklima for sharing your story! Did
you hear how well Aklima is doing now? Are you also
practicing these safe practices and staying healthy?

mHealth messages from Aklima, a woman who
brought her child to a health facility for diarrhea
treatment, and who learned proper handwashing
and water treatment behaviors from Dr. Chobi.

Voice Message
I am Dr. Chobi Apa from Mohakhali Cholera Hospital.
How are you? We have found that 80% of individuals
in your neighbourhood reported washing their hands
with soap before feeding their child this week. Like
others in your neighborhood, always wash your hands
with soap before preparing food and feeding your
child. Make sure there is always soapy water present
within 10 steps of your cooking area. Keep your family
healthy and happy!

Text Message
To keep your water safe to drink, always put your
boiled water in the blue bucket with the lid on. Never
put your hands into this water, always use the tap.
Keep your family happy and healthy!

Husband: Because my family and I now boil and safely
store our drinking water and wash our hands with
soapy water after defecation, after cleaning a child’s
feces and anus, before preparing food, and before
eating or feeding children. See, you phoned and texted
me which I have shared with my family and followed
all the instructions.

Community

Habitual

mHealth messages encouraging the
use of enabling technology

Higher descriptive
norms of WASH
behavioral
recommendations

Higher descriptive
norms of WASH
behavioral
recommendations

Higher self-efficacy
and convenience of
WASH behavioral
recommendations

Higher self-efficacy
among male
household members

Husband: Yes, good! My children got frequent diarrhea
and sometimes we needed to hospitalize them before.
Now, they remain healthy.
Dr. Chobi Apa: Why do you think they remain healthy
now?

Higher acceptability
of WASH behavioral
recommendations
among men

Hypothesized
Change with
Intervention

Voice Message
Dr. Chobi Apa: How are you brother? How is Aklima
and your children?

Example Messages

mHealth messages describing the proportion
of others in the community performing the
same behavior

Structural
(Gender
Roles)/
Individual

IBM-WASH
Dimension

mHealth messages providing information on
actionable tasks

Behavior Change Technique

Table 1 Example of Theory-based Approach for Development of CHoBI7 mHealth Messages: Psychosocial Factors and IBM-WASH Dimensions
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The desire to care for someone, and
see them develop or grow.

Revulsion that is occasioned by the
sight of excreta, rotten food, slime,
and bugs. (Curtis et al. 2001)

Emotion of
Nurture

Emotion of
Disgust

Remembering To perform a behavior, it has to be
remembered at the right time/
situation. (Tobias et al. 2009)

Factor Definition

Psychosocial
Factor

mHealth messages reminding households to
perform the key behaviors promoted

mHealth messages encouraging the emotion of
disgust as a motivator to practice the key behaviors
promoted

mHealth messages encouraging nurture of young
children as a motivator to practice the key
behaviors promoted

Behavior Change Technique

Example Messages

Hypothesized
Change with
Intervention

Habitual

Individual

Text Message
Have you made a habit of drinking safe water and
washing your hands with soap to create a shield for
good health? If not, you can start now!

Text Message
If you don’t wash your hands after using the toilet,
you’re eating feces when you’re eating your food. There
are lots of germs in feces, and you may have diarrhea
again.

Higher daily
remembering of
behavioral
recommendations

Higher disgust

Interpersonal Voice Message
Higher nurture for
Diarrhea especially hurts small children.
young children
To protect your child from these germs, make sure your
whole family washes their hands at 4 key times: after
defecation, after cleaning a child’s feces and anus,
before preparing food, and before eating or feeding
children. Use soapy water each time!

IBM-WASH
Dimension

Table 1 Example of Theory-based Approach for Development of CHoBI7 mHealth Messages: Psychosocial Factors and IBM-WASH Dimensions (Continued)
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Table 2 The IBM-WASH Framework Applied to the Development of the CHoBI7 Mobile Health Intervention Based on Qualitative
Findings
IBM-WASH Dimension Contextual Factors

Psychosocial Factors

Technological Factors

Structural/ Societal

• Existing government mobile health
programs send out health-related
messages on government health
days, these include voice and text
mobile messages
• Potential inclusion of CHoBI7
intervention in the National
Operational Plan in Bangladesh
• Potential integration of CHoBI7
in existing mobile health programs
in Bangladesh

• Government commitment to
mobile health as a method to
deliver public health information

• Existing government mobile platform has
the potential to be used for CHoBI7
intervention delivery at reduced cost
• Health Education Bureau in the Ministry of
Health and Family Welfare currently
develops mobile health messages, and can
be potentially engaged for CHoBI7
intervention development

Community

• High household mobile phone
access and ownership in Bangladesh

• Sharing of mHealth messages with
neighbors

• High mobile network coverage in Dhaka,
Bangladesh
• Most feature phones available in Bangladesh
allow for viewing of Bangla script

Interpersonal

• Females in the households are often • Female caregivers requesting
• Text messages allow for sharing with others
the ones responsible for caring for
access to CHoBI7 mHealth messages at a later time
young children
to allow them to better care for
• Male household members do not always
• Male household members may not
their children
share mobile messages or their mobile
want female household members to
phones with other household members
receive text and voice messages from
• Timing for mobile message delivery when
an unknown sender
all household members are present
• Adult male household members typically
have primary mobile phone ownership in
household
• Lower female access to mobile phones

Individual

• Literacy rate of household members
• Limited mobile message sharing by
those working outside of the home

• Self-efficacy to open text
messages, and respond to
interactive voice response
messages

• Concerns about being charged a fee for
viewing or listening to mobile messages

Habitual

• Frequency of exposure to mobile
messages

• Outcome expectancy that
following recommendations
contained in mobile messages
will reduce disease

• Voice and text messages as reminders to
perform the promoted water, sanitation,
and hygiene behaviors

identify beneficiary perceptions and preferences for delivering this program and to determine the feasibility of
implementing this program. Government stakeholders
were selected if they were involved in mHealth or
WASH activities at the Bangladesh Ministry of Health
and Family Welfare. All government stakeholders were
responsible for the implementation of government programs related to health in Bangladesh. Participants from
diarrhea patient households were selected based on willingness to participate and availability of time. One pilot
household participant was interviewed twice. All pilot
participant interviews were in Bangla. Eleven government stakeholder interviews were in English and one
was in Bangla. One government stakeholder responsible
for health policy on diarrhea prevention in Bangladesh
was interviewed three times from May to September
2016. During government stakeholder interviews the
flipbook and diarrhea prevention package were shown,
and feedback was requested. Thirty-nine of the interviews were audio-recorded, one respondent asked to not
be recorded. Twenty three of the semi-structured

interviews were transcribed verbatim, and summary field
notes were written for 39 interviews. One interview
could not be transcribed because of the poor quality of
the recording. The transcripts and recordings for the
pilot study interviews were used to develop a summary
framework focused on the key research questions for the
analysis. The summary framework was then completed
for all pilot participant interviews.
Two group discussions were conducted. The first
group discussion had 7 participants and the second
group discussion had 12 participants. These individuals were selected using convenience sampling. Both
group discussions included diarrhea patients admitted
to icddr,b Dhaka Hospital and Mugda Hospital in the
past 3 months and household members of these diarrhea patients. Participants in the first group discussion, did not have previous exposure to our CHoBI7
mHealth messages. The objective of the first group
discussion was to obtain stakeholder feedback on the
mobile messages that had been developed during the
initial two mhealth workshops. These messages are
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shown in Additional file 1: Table S2. This feedback
was used to refine mobile messages before delivery in
the pilot study. All participants in the second group
discussion resided in households that had participated
in the pilot of the CHoBI7 mHealth program and had
received these voice and text messages for up to 6
weeks prior to the group discussion. The objective of
the second group discussion was to assess the usability and acceptability of the developed mHealth messages delivered in the pilot. A notetaker summarized
the feedback from both group discussions.
The semi structured interviews and group discussions
were conducted with a guide covering the following
topics: current sources of health related information, experiences with the current and previous mobile health
programs, and recommendations for delivery of CHoBI7
WASH mHealth program. Thematic analysis for the interviews and group discussions was conducted by two
individuals separately based on emergent themes. Codes
based on emergent themes and the IBM WASH framework were then compared and discussed. The themes
that emerged where put in the following categories:
current mobile health activities in Bangladesh, use of
mobile phone messages for CHoBI7 program delivery,
mobile message type preference for CHoBI7
mHealth program, sender of CHoBI7 mHealth program messages, message delivery and content, access to
CHoBI7 mHealth messages, and timing and frequency
for CHoBI7 mHealth message delivery.

Results
Bangladesh Government’s use of mobile health
Government stakeholders

All government stakeholders interviewed described
previous mHealth activities implemented by the
Bangladesh government for health awareness and
healthcare capacity building. Most of these mHealth
messages were developed in partnership with the
Health Education Bureau in the Ministry of Health
and Family Welfare. Respondents described a range of
mHealth activities including mobile messages sent to
the public during epidemic disease, and messages sent
using the voice of the Prime Minster for National
Immunization Day, Community Clinic Day, and
World Health Day. Health call centers were mentioned where a “16263” phone number is used for the
public to talk directly to doctors, and to request ambulance services for a fee. A telemedicine program
was described for physicians in Dhaka to connect
with patients across the country. In addition, government stakeholder stated that all government health facilities receive a mobile phone for patients to text
their complaints and suggestions 24 h a day.

Page 9 of 18

Acceptability of mobile phone messages for CHoBI7
program delivery
Government stakeholders

All government stakeholders were receptive to the
use of mobile messages for CHoBI7 program delivery. The high phone coverage in Bangladesh was
said to be an advantage, allowing health awareness
messages to reach many individuals across the
country:
In my country right now 90% of our people are
connected with mobile phones. Using mobile phones is
a very smart behavior for sharing information and
knowledge. My people starting from the very poor to
the high [wealthy] people you just give them the
message, it is not a big challenge. They will take it.
Text messages were mentioned to be low in cost, and
could potentially be funded by the government:
For generating text messages, funding will be required.
Since the funding is not big, if external funding is
available, then better. But it is possible to do [this] by
the government funding.
Government stakeholders recommended CHoBI7
mobile messages be sent through the Management
Information System Department in the Ministry of
Health and Family Welfare and through the Bangladesh
Telecommunication Regulatory Commission. Several
government stakeholders also mentioned that sending
CHoBI7 mobile messages through the government
system would reduce the cost of message delivery.
Government stakeholders recommended the CHoBI7
program be included in the upcoming National Operational Plan for the Communicable Diseases Control
(CDC) Department at the Ministry of Health and
Family Welfare. Integration of the CHoBI7 mHealth
program into existing mHealth programs such as the
Health Call Centers was recommended. Mobile applications were also recommended to deliver CHoBI7
messages since this would align with components
already planned for the upcoming National Operational Plan. Several government stakeholders recommended that CHoBI7 mobile messages be developed
in partnership with the Health Education Bureau:
Request the Health Education Bureau, they will form
the message, taking the participation [of] you and
other experts … who [will] prepare this message. And
[they] will disseminate this message through [out] the
whole country and [the] funding required for this
message will be, given from this [National]
Operational Plan.
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Patient households

CHoBI7 mHealth messages were well-received by group
discussion and pilot interview participants. CHoBI7
voice and text messages served as important reminders
for patients and their household members to perform
the recommended behaviors after returning from the
health facility. Participants liked that the messages were
coming from the hospital, and mentioned this brought
credibility to the messages being sent:
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family safe from diarrheal disease. While Dr. Chobi
was introduced as a guide, Aklima served as a peer
role model for the participants designed to target descriptive norms—they could learn anything she could
learn and also keep their families safe and healthy.
Patient households

There was a positive response for Dr. Chobi:
I could feel her [Dr. Chobi’s] words from my heart.

Both IVR [voice] and [text] messages are good. Many
people can learn from this and by saying this
information is from the hospital, we can let other
people know about this information as well.
It was really good to get a call after coming from
hospital.
A few participants said CHoBI7 messages would be
better understood and well-received through in-person
visits or a combination of in-person visits and phone
calls, with one participant mentioning that not all problems can be solved over the phone. A few participants
recommended pictures or videos be added to mobile
phone messages.
Voice of the CHoBI7 program mHealth messages: Dr.
Chobi and Aklima
Government stakeholders

Government stakeholders recommended a wide range of
individuals to be the sender for CHoBI7 mobile messages including the Prime Minster, the Health Minister,
a parliament member, a health care provider, a high level
person from icddr,b, a socialite, or celebrities such as a
cricket player or singer. A female voice was said to be attractive for message delivery. One respondent mentioned
that the visibility of the person sending the messages
was very important, and that the government is planning
for people to see the person who is sending voice and
text messages in future programs.

Participants in the first group discussion helped determine Dr. Chobi’s age and sex. In the first group discussion, a recording was provided of a male and female
voice for Dr. Chobi. Participants liked both voices. Participants in the first group discussion were also shown a
photo of a female Dr. Chobi in her 20s and a second
image in her 30s. The majority of participants preferred
the image of the woman in her 30s, stating she had more
gravitas. Based on the feedback from the first group discussion, the Dr. Chobi in her 30s was selected as the
character for the CHoBI7 program, and images of her
were showed to participants in the pilot.
Participants said Dr. Chobi’s name was easy to remember, and thought that all of the CHoBI7 program messages should come from her. Participants also
recommended that her name should show up on the
caller ID when phone messages were sent. Voice messages were viewed as a more effective way to popularize
Dr. Chobi because individuals could interact directly
with her and hear her voice. Participants in the pilot requested weekly sessions with Dr. Chobi to discuss their
health problems.
Aklima was also well-received, with one participant
stating “I am Aklima—it’s me, not Aklima”, and another
stating “It’s my life story.” Participants recommended
Aklima share her knowledge with others:
Aklima was a patient like me and it is good that she is
taking help from Chobi apa [sister] like us … She
should promote all this knowledge to others.

Character development

Two characters were developed to deliver the
mHealth messages: Dr. Chobi and Aklima. Dr. Chobi
is a doctor at icddr,b hospital who called and texted
participants to share information and reminders on
handwashing with soap and water treatment behaviors. She was sometimes also called “Dr. Chobi Apa,”
meaning “Sister Dr. Chobi.” Dr. Chobi introduced
Aklima, a woman who brought her child to a health
facility for diarrhea treatment, and who learned
proper handwashing with soap and water treatment
behaviors from Dr. Chobi. Aklima shared how she
used Dr. Chobi’s advice to successfully keep her

Text and voice messages for delivery of CHoBI7 program
Government stakeholders

Voice and text messages were recommended by all government stakeholders for CHoBI7 program delivery, except for one who recommended mobile messages however
did not specify a type. Voice messages were recommended
because they could be more easily understood than text
messages by individuals that could not read, with non-literate individuals described as the ones needing the
CHoBI7 program messages the most. Respondents recommended voice messages come as calls without requiring
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files to be opened. Text messages had been used in previous government programs, and were said to have a positive impact and be important. Phonetic Bangla was
recommended for text messages because many individuals were stated to not have smart phones.

Patient households

The response was positive for both voice and text messages, with some participants recommending both voice
and text messages be sent:
Both voice and text [messages] are good. From calls we
can learn and if sometimes we forget, we can see the
[text] message or tell others to read them for us. That
is why both together are good.
Voice messages were viewed as better than text messages for understanding message content. While the
ability to save text messages was mentioned as an advantage over voice messages that could not be saved. Text
messages were also described as better for sharing message content with others:
I can show this [text] message to 10 more people.
Some participants said text messages were faster to
read and access than voice messages. However, text messages were problematic for those that were not literate.
Some participants said no one in their home could read
messages aloud to them. While other participants mentioned that household members could read them CHoBI7
program text messages.
In the first group discussion, phonetic Bangla (Bangla
written in English letters) was used to send CHoBI7
mHealth messages to participants based on the recommendations from government stakeholder interviews.
Some Bangla words spelled using English characters
such as the word for diarrhea, “patla paikhana”, were
challenging for participants to understand. Participants
recommended all text messages be in Bangla script so
messages were more easily understood.
Participants recommended having text messages summarizing the content of voice messages (summary text
messages), so if a voice call was dropped individuals
could still receive CHoBI7 messages:
If the phone [voice message] comes first and the
message [text message] comes later this would be good.
Then if you cannot remember the content of the call,
you can read the message [text message].
The CHoBI7 IVR quiz questions had a positive
response:
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I feel so happy when Chobi apa [sister] says-yes! You
are right [IVR quiz message response].
Participants enjoyed taking these quizzes, and
mentioned discussing the content of these IVR
quiz messages with neighbors. Some participants described previous experiences where money was “cut”
from their phones when they replied to text messages from health information lines and herbal companies. Participants mentioned being comfortable
submitting quiz IVR responses because Dr. Chobi
stated it was free to reply during these messages.
A few participants mentioned a preference for direct
phone calls over recorded voice messages. One participant expressed concern that some people may not receive CHoBI7 voice calls because they will think they are
advertisements from different companies. Some participants had full inboxes and could not receive CHoBI7
text messages, or needed to delete CHoBI7 text messages to free space in their inboxes. Additional challenges included lost phones, broken phones that didn’t
allow participants to view messages, not knowing how to
open text messages, and not checking text messages
regularly. Some of the participants in the first group discussion mentioned that voice messages were too long
and should be shorten.

CHoBI7 mHealth message delivery and content
Government stakeholders

For the CHoBI7 mHealth program, government stakeholders recommended giving only a few key messages,
and recommended that these messages be very specific
and based on scientific evidence. This was considered
important given the limited time people would likely
give for the CHoBI7 program once they returned from
the hospital:
During their hospital stay they will give 80% of their
time to health related issues but in their house they
may give 1% of their time …[give] a few messages …
what you want to emphasize.
Government stakeholders recommended that CHoBI7
mHealth messages be integrated with other health care
messages, such as those on antenatal care. Government
stakeholders also recommended tailoring CHoBI7
mHealth messages to high-risk populations to ensure
the messages were relevant to those receiving them. Delivering mobile messages during diarrhea outbreaks was
given as an example:
Sending messages out to everyone would be a wastage
of money … [this] should be for times like during
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diarrhea outbreaks and should be areas-based [and]
people-based not general.
However, it was mentioned that individuals should be
practicing handwashing with soap always not only during outbreaks.
Patient households

Message content was found to be clear and participants
said messages from Dr. Chobi were stated to be culturally appropriate. Mobile messages from the CHoBI7
program were considered to be important for spreading
awareness and improving health:
Everybody will see these messages and learn from
them. They would then be free from cholera and other
diseases.
During the first group discussion participants
reacted strongly to Mobile Message 4 in Additional
file 1: Table S2 on “eating poop.” When asked if this
message content should be changed participants said
these words were true and should remain:
These are not bad words, and people will be more
careful after reading the text message. (Mobile
Message 4 in Additional file 1: Table S2).
Participants understood and liked the messages promoting handwashing with soapy water, mentioning these
message were important for reducing diseases:
We always have to be clean to stay away from
diseases. Like Dr. Chobi says, we should always wash
our hands. We should wash our hands right after
cleaning up children after toileting [defecating]. If we
do this we would be free from all diseases.

Access to CHoBI7 mHealth messages
Patient households

Participants shared messages from Dr. Chobi with
spouses, family members, and neighbors. Participants
recommended that those receiving CHoBI7 mobile messages should share them with others including neighbors
and family members to spread these messages:
Chobi apa [sister] taught us. We are Aklima, we will
tell other people … They will gain a benefit from this.
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often the ones responsible for taking care of children
and would like to maintain the promoted hygiene
practices:
The person who is in charge of maintaining the home-you should send [mobile messages] to her.
One participant said that although she has a mobile
phone, these messages should be sent to her husband’s phone, because sometimes husbands may be
suspicious of wives if an unknown person calls or
sends them a text message. Another participant
expressed concern about the CHoBI7 program potentially sending messages to his wife’s phone.
Several female pilot participants did not have their
own mobile phone. Some of these participants said
that their husbands or other household members
shared CHoBI7 messages with them. Others reported
looking at their husband’s phone to see these messages. This was often at lunch or in the evening when
male household members were home. However, several female pilot participants without mobile phones
said that male household members were often not
sharing the content of CHoBI7 messages with them:
If you send this information by mobile phone, it
would be good, but not everyone will come to know
this [information]. Like, I don’t have a mobile
phone. Then how would I know that you sent a
message? Suppose my husband has a mobile phone
and receives and reads those [text] messages but
doesn’t tell me anything about them? Don’t we have
to know about these [messages]? Of course, we have
to know about these messages.
Some female participants mentioned not being able to
listen to CHoBI7 voice messages because their husband
had the only mobile phone in the household and was
away at work when the messages were sent.
Timing and frequency for CHoBI7 mHealth message
delivery
Government stakeholders

One government stakeholder recommended CHoBI7
mHealth messages be sent every two weeks for a
duration of three months. No recommendations were
given on the timing for message delivery.
Patient households

Participants also recommended that CHoBI7 mobile
messages be sent to both husbands and wives. Female
participants emphasized the importance of messages
from Dr. Chobi coming to their phone since they were

Evening time was preferred by the most participants for
receiving mobile messages from the CHoBI7 program.
The most popular time window was 4:00–8:00 PM. This
was the time when participants and their family
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members, including husbands, were often at home and
eating and bathing:
At night the phone remains with us. We do not go
anywhere then, do not remain busy, and the phone
remains nearby. If a call comes we can receive it
immediately. And if a [text] message comes we can see
it. So if [the message] is sent at night it would be good.
Evening was also mentioned as an important time to
stay clean. Participants described sharing text messages
with each other in the evening:
We received [text] messages at 5 pm ... We all read
those together in the night.
Most pilot participants preferred to receive CHoBI7
phone messages at least once per week, and all pilot participants preferred to receive at least one mobile phone
message monthly. Frequent phone messages were considered important to make sure promoted behaviors
were maintained and not forgotten, and to make individuals more aware:
If you don’t send us text messages frequently, we will
forget everything within 6 months. So, we will be able
to keep them in our mind if you send them frequently.
However it was also emphasized that messages should
not be sent too frequently, and should not cause interruptions at work. One participant said that more than
twice monthly could be irritating. Participants’ recommended CHoBI7 mHealth messages be sent for 6
months to 1 year.
Intervention development

The IBM-WASH framework was applied to the development of the CHoBI7 mHealth intervention based on qualitative findings. This framework is shown in Table 2.
Identifying the contextual, psychosocial, and technological
factors at each IBM-WASH level has allowed us to design a
mHealth intervention that targets the multi-level, multidimensional factors that are facilitating or impeding our recommended WASH behaviors. An overview of revisions
made to the CHoBI7 mHealth program based on formative
research findings is shown in Fig. 1. Additional file 1: Table
S3 provides a detailed description of each intervention component added.
CHoBI7 mobile message type

Both voice and text messages are included in the CHoBI7
mHealth program based on the recommendations from
interview and group discussion participants. This includes
summary text messages sent out after each voice message to
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serve as reminders to perform the key behaviors (targeting
remembering). Mobile messages are also sent out using
Bangla script based on the recommendations from the first
group discussion. It was found that Bangla script can be
viewed on feature phones without smart phone capabilities.
CHoBI7 mobile message sender

Based on the recommendations of government stakeholders and participants in the first group discussion, a
female health care provider, Dr. Chobi, was selected to
be the sender of voice and text messages for the CHoBI7
mHealth program. Given the iterative nature of message
development, using the voice of a government official
was explored, however, was found not to be feasible because of the repeated recordings of voice messages that
was needed. A celebrity was also found to not be a feasible option for the same reason and because of the high
cost for their time.
Promoters at health facilities ask diarrhea patients and
their family members to save the number for Dr. Chobi
in their phones upon enrollment in the CHoBI7
mHealth program. In addition, all text messages show
Dr. Chobi as the sender. This was included to ensure individuals receiving calls and text messages from the program know the sender. A tutorial is also given by health
promoters in the health facility on how to open text
messages and respond to an IVR quiz message to respond to concerns about difficulties opening text messages and responding to quizzes.
CHoBI7 mobile message delivery

In an effort to increase access to mHealth messages
among female caregivers, we added a module delivered
by a promoter in the health facility during the patient’s
stay in the hospital for illness on mHealth message delivery and access. During this module the promoter starts
by asking diarrhea patients and their family members
which phones in the household should receive CHoBI7
mHealth messages. The health promoter then recommends mobile messages be sent to the phone of the primary caregiver of the child under 5 years in the home,
when possible, explaining the importance of caregivers
receiving these messages for the health of their children
(targeting nurture). Promoters also explain that a female
health provider will be contacting them by phone, never
a male. This module was included to try to alleviate concerns from husbands about voice and text messages being sent to their wife’s phone, and based on
recommendations to send phone messages to the female
household members.
All CHoBI7 text and voice messages state “Please
share this message” to promote message sharing among
those in the household without personal mobile phones
or not receiving program messages. This was added to
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address challenges with message sharing identified in the
pilot. Voice and text messages are sent at 5 PM, this was
recommended as a time when most individuals were
home. CHoBI7 voice and text messages are sent to
households at least once every 2 weeks for 1 year, based
on the recommendations from interviews. Voice messages were shortened to approximately 2 minutes based
on feedback from the first group discussion. This message length was reported to be fine in the second group
discussion. All IVR quiz messages state “There is no
charge for your reply” based on pilot participant concerns that a fee would be charged for responding to IVR
messages.

Discussion
A theory- and evidence-based approach using qualitative
research methods was conducted to design the CHoBI7
mHealth program. The formative research findings have
shown that the CHoBI7 mHealth program has high user
acceptability and is feasible to deliver to diarrhea
patients that present at health facilities for treatment in
Bangladesh. Semi-structured interviews with government
stakeholders identified their perceptions and preferences
for scaling the CHoBI7 mHealth program. mHealth
workshops were an interactive approach to draft and refine mobile message content based on stakeholder preferences. Group discussions and semi-structured
interviews with diarrhea patients and their family members identified beneficiary perceptions of mHealth and
preferences for delivery of the CHoBI7 mHealth program. The pilot of the CHoBI7 mHealth program
allowed for an assessment of program feasibility and to
identify potential barriers to successful program implementation. Applying the IBM-WASH framework to
the development of the CHoBI7 mHealth program
allowed us to gain an understanding of the multi-level,
multidimensional contextual, psychosocial, and technological factors that were influencing program delivery
and the targeted WASH behaviors. This is the first published study, to our knowledge, to conduct formative research to design a WASH mHealth intervention
delivered directly to households to increase handwashing
with soap and water treatment behavior.
Through government stakeholders interviews we
identified contextual and technological factors that will
be important to consider for scaling the CHoBI7
mHealth program across Bangladesh. Integration of the
CHoBI7 program into existing mHealth programs being
delivered by the government, such as mobile messaging
promoting child and maternal health and health call
centers was recommended by government stakeholders.
This could help to reduce the cost of program implementation. Government stakeholders also stated the
potential for implementation of the CHoBI7 mHealth

Page 14 of 18

program without external donor support, and recommended the CHoBI7 program be included in the upcoming National Operational Plan for the CDC
Department. Inclusion of the CHoBI7 program in the
National Operational Plan and government funding
without external donor support will be crucial to the
sustainability of this program if taken to scale across
Bangladesh.
Government stakeholders also recommended delivering CHoBI7 mobile messages to high risk populations during the times when they were most
susceptible, such as diarrhea outbreaks. This is consistent with the CHoBI7 program approach to initially
deliver mobile messages in the health facility to diarrhea patients and their family members when they are
at highest risk for diarrhea. This high-risk time is
when WASH messages are likely to resonate the most
with individuals and facilitate sustained behavior
change [36, 40].
There was a positive response for Dr. Chobi as the
sender of the CHoBI7 voice and text messages. She
was viewed as a credible source of information, with
participants reporting they could share the messages
that they received from her with others since she was
a doctor at the well-known “Cholera Hospital”.
Aklima was also well liked, with participants identifying with her as also being a mother who came with
her child to the health facility for diarrhea treatment.
Through the formative research it emerged that it
was important to have the sender of text and voice
messages be a known individual and female. This is
consistent with a previous study in Ghana that found
a positive response with a female voice being used for
IVR message delivery [46]. In Bangladesh, Pakistan,
and Nepal, the use of the character Meena, a young
South Asian girl, for a UNICEF health awareness
campaign, delivered by both television and printed
communication materials, was immensely successful
in increasing handwashing with soap and water treatment [47, 48]. The success of Meena serves as an example of how female characters could be used to
facilitate WASH behavior change. Future studies
should investigate how the identity of the sender of
mobile messages influences behavior for WASH
programs.
Both text and voice messages were considered to be
important by beneficiaries and government stakeholders for delivery of the CHoBI7 mHealth program.
Voice messages were seen as beneficial because they
could be understood by those that could not read.
While text messages were viewed as being valuable
because they could be saved and viewed later and
shared messages with others. Text messages were also
stated to serve as important reminders to perform the
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promoted WASH behaviors. This finding lead to the
delivery of voice messages followed by a summary text
message in the CHoBI7 mHealth program. Most
mHealth programs rely on either text or voice message,
and rarely employ both [13]. Future studies should investigate preferences around voice and text messages
for delivery of WASH programs in other settings.
Gender norms around mobile phone access and
message sharing emerged as important contextual and
technological factors for delivery of the CHoBI7
mHealth program. Some female household members
did not have consistent access to mobile phones, and
reported that male household members were not always sharing CHoBI7 mHealth messages. Female participants emphasized the importance of receiving
program messages since they were often the ones responsible for taking care of young children, and
wanted to keep their child healthy. This is an important challenge to address, particularly if no home visits
are conducted to reinforce mHealth messages, and
given our setting where female household members
have lower rates of phone ownership than male
household members. In Bangladesh, it is estimated
that 82% of male adults are mobile owners compared
to only 55% of adult females [49]. This gender inequity in phone ownership is likely driven by the
patriarchal family structure which is common in
Bangladesh [50]. The challenge of phone access is
consistent with findings from the Aponjon mHealth
program [51]. This program in Bangladesh delivers
text messages to women during pregnancy on antenatal care. Aponjon subscribers reported that calls
were sometimes missed because someone else in the
household had the phone. Through the CHoBI7 formative research we were able to identify potential solutions to address the challenge of message sharing
and access by delivering messages at a time when
most household members were present, sending messages to the phones of both female and male household members (when possible), and through
discussing message sharing in the health facility and
in mobile message content. The effectiveness of these
approaches will be evaluated in our RCT of the
CHoBI7 mHealth progarm. These findings will be important given that previous studies have emphasized
the importance of usability and accessibility for the
effectiveness and sustainability of mHealth interventions [52]. Our results highlight the importance of
considering gender dynamics during message development, and the need for intervention approaches that
ensure gender equity in access to message content.
An important contextual factor for delivery of text
messages for the CHoBI7 program is the literacy rate in
the target population. In Bangladesh, the literacy rate for
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females over 15 years of age is 70%, and 76% for males
[53]. Furthermore, in our current work we found that
92% of households in slum areas of Dhaka have at least
one person in the home that can read and write (Personal Communication: Christine Marie George). Given
this high household literacy rate, text messages presents
a feasible approach for intervention delivery in our study
setting.
This is the first study, to our knowledge, to use
IVR for sending quiz questions to assess knowledge
of WASH practices in a low and middle-income
country setting. IVR quizzes were well-received by
both group discussions and pilot interview participants, with some participants even reporting sharing
the content of quiz questions with neighbors. Previous studies have found that two-way text messaging
was associated with improved medication adherence
practices compared to one-way texting [46, 54]. The
current RCT of the CHoBI7 trial will investigate if
responding to IVR quiz questions and correct quiz
responses are associated with increases in the promoted WASH behaviors and sustained behavior
change.
The use of mHealth for promoting WASH behaviors
presents a low-cost approach for program delivery that
does not involve the cost of frequent in-person visits by
health promoters. The VIAMO platform was 0.028 USD
per minute for recorded voice messages and 0.041 USD
per text message in Bangladesh at the time the pilot
study was conducted. Therefore, if text and voice messages are delivered every 2 weeks over a 1 year period,
the cost of message delivery would be less than 2 USD
per phone. Previous formative research from the Aponjon mHealth program found that the majority of pregnant women and new mothers were willing to pay 0.025
USD per mobile message [51]. Similar research is needed
to evaluate willingness to pay for CHoBI7 mHealth messages. Government stakeholders mentioned that the
cost could be less for message delivery if mobile messages are sent through the government system. This
option should be further explored.
mHealth messages have the potential to serve as
important reminders to facilitate WASH behavior
change that do not require home visits. However,
there are no published studies to date, to our knowledge, that have evaluated the impact of a WASH
mHealth programs on WASH behavior change. Previously, mHealth RCTs in low- and middle-income
countries have focused mostly on reminders for medication adherence and immunization visits [11–15].
Our current RCT of the CHoBI7 mHealth program
will evaluate the impact of this intervention on sustained handwashing with soap and stored drinking
water quality.
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This study has several strengths. First, the engagement of both government stakeholders and beneficiaries during the formative research that informed
intervention development. Through engaging both of
these key stakeholders, both scalability and acceptability of the CHoBI7 mHealth program were assessed.
Second, the 7-month length of our formative research
phase, which allowed for intervention development
through an iterative process where changes were
made to CHoBI7 mHealth messages based on findings
from the pilot study. Third, the use of both group
discussions and semi-structured interviews, which
provided complementary information. Fourth, the use
of mHealth workshops, which were valuable to discuss findings from semi-structured interviews and
group discussions, and to draft and refine mobile
health message content. Fifth, the use of health theory
for intervention development.
One limitation is that this study focused only on
households that reported mobile phone ownership,
and therefore is not generalizable to households sharing phones with other individuals outside the home.
In our current RCT, over 90% of diarrhea patient
households screened for eligibility reported household
phone ownership (Personal Communication: Christine
Marie George). Future studies should evaluate the impact of the CHoBI7 mHealth program on households
that report sharing a mobile phone. A second limitation is that the pilot study was conducted only in
Dhaka, Bangladesh. Future studies should pilot the
CHoBI7 mHealth program across all divisions of
Bangladesh. A third limitation is that messages were
not sent out using the government’s mobile platform.
The VIAMO platform was used given the iterative
nature of message development. Future work should
use the government’s mobile platform.

Conclusion
This study presents a theory- and evidence-based
approach that can be used for the development of
future WASH mHealth programs. The CHoBI7
mHealth program presents a promising scalable
approach for which mobile messages can be sent to a
large number of households at minimal cost and can
serve as valuable cues to action to facilitate WASH behavior change. The ongoing RCT of the CHoBI7
mHealth program is the first to evaluate the impact
of voice and text message reminders sent to households promoting handwashing with soap and water
treatment behaviors. The evidence generated by this
study will be used by the Bangladesh Ministry of
Health and Family Welfare to determine the feasibility
of scaling the CHoBI7 mHealth program across
Bangladesh.
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