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Abstract

Background: Many children aged younger than 5 years living in low- and middle-income countries are at risk for poor
development. Early child development (ECD) programs are cost-effective strategies to reduce poverty, crime, school dropouts,
and socioeconomic inequality. With the spread of |ow-cost mobile phones and internet accessin low- and middle-income countries,
new service delivery models such as mobile phone-aided interventions have a great potential to improve early childhood
development.

Objective: This study aimed to identify the beliefs on importance of ECD, feasibility of a proposed intervention using mobile
phones and factors that may affect the usability of the intervention among mothers of newborns in a poverty-stricken area in
southwestern China.

Methods: We conducted an in-depth, semistructured interview study of 25 low-income mothers of newborns recruited from
two county hospitals in Yunnan Province. We applied the health belief model and cultural competence theories to identify the
facilitators, barriers, and preferences among the target population for parenting knowledge.

Results: The results showed that the participants had low health literacy and high perceived needs for learning ECD knowledge.
At the same time, they experienced several barriers to learning parenting information and following evidence-based instructions
including having limited time, limited financial resources, and different opinions on childcare among family members. Many
participants preferred to receive personalized messages tailored to their specific needs and preferred videos or graphics to text
only in the messages. Many favored a separate module to support postpartum mental health.

Conclusions: The study assessed the acceptability of an early childhood intervention using mobile phones to meet the needs of
the target population based on their beliefs, traits, and preferences and provided suggestions to refine the intervention to improve
its usability.
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Introduction

Early child development (ECD) has been shown to link with
long-term health outcomes and well-being. Between 2004 and
2010, the number of children aged younger than 5 years who
were at risk for poor development in low- and middle-income
countries (LMICs) decreased from 279.1 million to 249.4
million [1-4]. Therewere 17.43 million at-risk childrenin China,
and geographic disparities remained significant [1]. Prevalence
of developmental delays in a low-income rural county in
Northeast China was found to increase from 13.4% when the
infants reached 6 to 12 months to 50.4% when they reached 24
to 30 months, whilein most urban areas of Chinathis prevalence
remained under 10% [5,6]. In certain regions of China, risk
factors for developmental delays such as inadequate learning
resources and activitieswere prevalent [7]. A household survey
conducted among arepresentative sample of children aged 3to
6 years in southwestern China found that 72% of the primary
caregivers had not played with their children and 47% did not
read to them in the past year [8].

ECD programs are cost-effective strategies to reduce poverty,
crime, school dropouts, and socioeconomic inequality [9-12].
Targeted interventions have been implemented in the poorest
areas of China focusing on nutrition supplement and early
stimulation [13]. Parenting education provided in health
check-ups, home visiting, and ECD centers have shown to be
efficaciousin some pilot studies[7]. However, it is challenging
to scale up those programs due to limited resources available
for a population of huge density, especially in remote areas
where medical professionals are in short supply.

Currently, with the spread of low-cost maobile phones and
internet accessin LMICs, new service delivery models such as
mobile phone-aided interventions (mHealth) have a great
potential to influence ECD at the population level [14,15]. Short
message services (text messages) and smartphone apps have
proven to be successful in changing parents beliefs and
behaviors surrounding early child development. Theintervention
for parenting education covers a wide range of topics such as
breastfeeding, nutrition, developmental milestones, anticipatory
guidance, language and cognition-oriented activities, car seats,
fire safety, etc. However, it has been found that compared with
well-off families, caregiverswith lower income, education, and
literacy were less likely to enroll in mHealth programs, so the
programs were of less benefit to the low-income people [16].

Previous studies identified possible incentives for low-income
people to engage in mHealth programs, including financial
incentivesand need for better health for their children. However,
barriers were also found such as culture and beliefs, limited
battery life of mobile phones combined with the lack of readily
available electricity, rates of interrupted mobile phone services,
mistrust or stronger desire to preserve privacy, and lower
technological literacy [16-19]. Theseissues must be elucidated
and addressed before well-designed interventions can reach
their intended audience and produce meaningful public health
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outcomes. Previous reviews have found that most effective
public health programs are based on an understanding of the
health behaviors and the contexts in which they occur with
behavior change theories[20]. The health belief model (HBM),
one of the most widely used theoretical models of health
behaviors, has been applied most often for health concerns that
are prevention-related and asymptomatic, where beliefs are as
important or moreimportant than overt symptoms[21]. Asearly
child development lies more on the desire of parents of
achieving better health and development rather than just
management of certain diseases, we believe it is most suitable
for our study.

This study aimed to identify the demand for ECD knowledge,
acceptability of a promising ECD intervention using mobile
phones, and factors that may affect the usability of the
intervention among mothers of newbornsin a poverty-stricken
region of China. We employed a qualitative research method
in this study because the rich data obtained through this method
regarding participants perceptions, preferences, and barriers
are highly aligned with the study’s purpose and scope. Results
from this study will be used to support the design and
implementation of the ECD intervention using mobile phones.

Methods

Interview Sites

In March 2019, we conducted 25 semistructured in-depth
interviews among mothers of newborns recruited from two
county hospitalsin Yunnan Province, southwestern China: the
Maternal and Child Health Hospital in Nanjian County and the
People’s Hospital in Jinggu County, both large hospitals where
the mgjority of infantsin the two countieswere delivered. These
two counties compose China's most poverty-stricken areabased
on the percentage of people below the national poverty line.
The study was approved by theinstitutional review board at the
University of Georgia (STUDY 00005670).

Theoretical Framework

We applied the HBM and cultural competence theories to
identify the preferences and barriers among the target population
for recelving and practicing evidence-based parenting
knowledge [22]. HBM has been used in a broad range of
behavioral interventions including interventions to increase
screening, reduce risky behavior, and improve adherence to
medication regimen [23-26]. In its latest version, the key
constructs of the model include cues to action and self-efficacy
and perceived susceptibility, severity, benefits, and barriers
[27]. Studies have shown that parental perception regarding the
healthy development of their young children often involves
perceived barriers to take action [28-30]. Behavioral change
will not occur if parents' perceived barriers outweigh perceived
benefits [31].

In addition, although our target population did not have language
barriers when reading ECD messages, they might have cultural
beliefs that were not consistent with the evidence that supports
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child healthy development. Culturally competent approaches
recognize and respect the cultural beliefs, norms, and values of
the target population and aim to improve effectiveness of the

Figure 1. Theoretical framework based on the health belief model.
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intervention [32,33]. Therefore, in our theoretical framework,
cultural beliefs and norms were included as a modifying factor
(Figure 1).

Individual perception

Modifying factors

Likelihood of action

*Perceived
susceptibility -
mothers believe that
their children may
experience
malnutrition, neglect
and lack of stimulation

norms

to avoid

*| ow socioeconomic
status; Geographic
location; Low health
literacy; cultural
beliefs, values and

*Perceived severity -
mothers believe that
the consequences of
poor early development
are significant enough

*Cues to action - health
education; symptons of
poor development;
exposure to health
information elsewhere

*Perceived benefits -
mothers believe that the
recommended action is
beneficial to their
children

*Perceived barriers -
mothers identify their
barriers to take actions
such as lack of time and
resources, caregiving
burden, family conflicts,
and postpartum
depression or
depressive symptons

*Maternal self-efficacy -
mothers' confidence in
taking the recommended
action

Study Sitesand Participants

The inclusion criteria were the study participants should bein
good health with no severe delivery complications or clinical
diagnosis of postpartum depression and have a healthy infant
aged less than 1 month.

Two physicians assisted in identifying and recruiting potentially
eligible participants through the hospital wards. The 25
participants were recruited in the local hospitals through
criterion sampling. We reached sample saturation with 25
participants, until a point where additional interviews did not
develop new theoretical insights. In other words, sampling was
stopped when the datawere repetitive and our research questions
had been answered. To examine their eligibility for the study
based on the criteria, electronic medical records wereretrieved
to scan for any recorded delivery complications or diagnosed
depression. Informed consents were obtained from all
participants who met the inclusion criteria and agreed to
participate in the study.

Data Collection

Two trained interviewers (DZ and Y Z) conducted the in-depth
interviews in private rooms at the hospitals. We developed an
interview guide based on the theoretical framework (Figure 1)
pertaining to the design of the mobile health intervention. These
topics included (1) mothers' individual perceptions about the
importance of avoiding adversitiesinthe early years; (2) benefits
and barriers when feeding and nurturing newborns according
to recommendations sent over the phone (3) family
socioeconomic status, family structure, relationship, beliefs,
and values related with adhering to the recommendations; (4)
concerns about privacy; and (5) preferences for the frequency
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of receiving messages. During the interview, the Edinburgh
Postnatal Depression Scale, Chinese version, was used to
evaluate mothers' mental health status [34,35]. Participants
were shown sample text messages and were asked questions
about the messages. The message included about 600 Chinese
characters and two pictures with four sections: (1) weekly
achievement, showing easily identifiable developmental
milestones; (2) weekly care, providing relevant information on
baby’'s daily care; (3) weekly game, showing examples of
age-paced games and parent-child activities including playing
games, singing nursery rhymes, reading, and drawing; and (4)
weekly question and answer, providing answers to common
questions asked by parents. Theinterview was designed to begin
with sociodemographic questions followed with questions
according to each construct in the HBM.

Interviews were conducted on a one-on-one basis. Each
interview lasts approximately 60 to 90 minutes. To aid in
recruitment, ¥100 (US $15 in 2019) was provided to each
participant. All interviews were tape recorded with participant
permission.

Data Analysis

Interviewsweretranscribed verbatim and entered into qualitative
analysis software NVivo 12 (QSR International). A coding
structure based on theinterview guide wasiteratively developed
to label specific content from the interviews. The transcripts
were coded separately by two members of the study team (DL
and RG). After coding, the two team members met to discuss
the results and resolve any disagreements in coding by
consensus.
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Results

Participant Demographic Characteristics

Table 1 shows the characteristics of the 25 participants. Their
average age was 28 years. More participants lived in urban
regions than in rural regions (56% [14/25] vs 44% [11/25]).
Most participants (10/25, 40%) were ethnically Han Chinese,
32% (8/25) were Yi, and 16% (4/25) were Dai Chinese. Overall,
48% (12/25) of newborns were male. The mgority of the
infants' primary caregivers (18/25, 72%) were mothers, while
12% (3/25) were grandparents. A total of 40% (10/25) of the
mothersfinished middle school, and 28% (7/25) obtained some
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college education, while 16% (4/25) finished only elementary
school. Half of the participants (13/25, 52%) were unemployed,
and 28% (7/25) had afull-timejob; 48% (12/25) of participants
reported that the main source of family income was from their
husband. About half (13/25, 52%) of the participants had
household income bel ow ¥5000 (US $750) per month, whereas
52% (13/25) of them reported they were willing to spend
between ¥1000 (US $150) and ¥2000 (US $300) on childcare,
and 28% (7/25) reported they were willing to spend more than
¥2000 (US $300). A majority of the participants (23/25, 92%)
were not receiving public financial aid. Most (23/25, 92%) were
married, and 40% (10/25) lived in extended families with 7 or
more family members.
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Table 1. Participant demographic characteristics (n=25).
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Characteristics Vaue
Agein years, mean (SD) 28.08 (6.55)
Region, n (%)
Urban or township 14 (56)
Rural 11 (44)
Race/ethnicity, n (%)
Han 10 (40)
Yi 8(32)
Hui 2(8)
Dai 4(16)
Yao 14
Sex of the newborn, n (%)
Male 12 (48)
Female 11 (44)
No response 2(8)
Primary caregiver of the baby, n (%)
Self (mother of the baby) 18(72)
Grandparents of the baby 3(12)
Self and grandparents 3(12)
No response 1(4)
Education of the mother, n (%)
Elementary school 4(16)
Middle school 10 (40)
High school 1(4)
Some college 7(28)
Four-year college 3(12)
Employment of the mother, n (%)
Full-time employment 7 (28)
Self-employed 5(20)
No employment 13(52)
Household main income source, n (%)
Double income 7 (28)
Husband'sincome 12 (48)
Family farm or business 4(16)
Income from parents-in-law 1(4)
No response 1(4)
Estimated household income per month (¥), n (%)
<5000 13 (52)
5000-10,000 8(32)
210,000 4(16)
Expenditures on the baby per month (¥), n (%)
<1000 2(8)
1000-2000 13 (52)
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Characteristics Vaue
>2000 7(29)
Don’'t know 3(12)
Receiving government financial aid, n (%)
Yes 2(8)
No 23(92)
Marital status, n (%)
Married 23(92)
Married but live separately 1(4)
Married with no official certificate 1(4)
Number of family membersin the household, n (%)
3ord 5(20)
50r6 10 (40)
7 and more 10 (40)
Number of children in the household, n (%)
1 5(20)
2 18 (72)
3 2(8)

Participant Health, Work, and Breastfeeding Behavior

Table 2 shows participant health status and lifestyle. All
participants self-reported having good health. Most participants
had alow risk of postpartum depression with adepression scale
score below 13, but 6 people (24%) had a relatively high risk
of depression, although no clinical diagnosis of depression was
reported. A total of 76% (19/25) of participants reported light
to moderate workload for doing housework, and 64% (16/25)
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of participants would spend more time on childcare than on
other things, while 20% (5/25) reported that they would spend
more time on family business, housework, or farm work. Most
participants (16/25, 64%) had no difficulty in breastfeeding,
while 28% (7/25) did not start breastfeeding, and one participant
reported having no breastfeeding plan because she had hepatitis
B. A mgjority of the participants (18/25, 72%) planned to
breastfeed for 6 months to 1 year, and 12% (3/25) planned to
breastfeed for less than 6 months.
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Table 2. Mothers' health, work, and breastfeeding behavior (n=25).
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Characteristic

Value, n (%)

Self-reported health status, good health
Depression scale
Yes (213)
No (<13)
Housework load
Light
Heavy
Don't do housework
No response
Time allocation on childcare and other things
Spend more time on business, housework, or farm work
Spend more time on childcare
Spend equal amount of time on childcare and work
No response
Breastfeeding status
Having no difficulty in breastfeeding
Not having started breastfed
Formulafeeding
No plan to breastfeed
Breastfeeding plan
6 months
6 monthsto 1 year
More than 1 year

No plan to breastfeed

25 (100)

6 (24)
19 (76)

19 (76)
4(16)
1(4)
1(4)

5 (20)
16 (64)
3(12)
1(4)

16 (64)
7(28)
1(4)
1(4)

3(12)
18 (72)
2(8)
2(8)

Interview Themes

Perceived Needsfor Learning Early Child Development
Knowledge

Around half of participantswere concerned about baby’shealth
issues such as having a cold, fever, acute diseases, adverse
reaction to vaccination, tobacco exposure, sleep, and other
illnesses, and 3 participants worried about baby’s behavioral
problems—for instance, they expressed concerns about their
child being spoiled by grandparents and devel oping bad habits
(Multimedia Appendix 1). Two participants expressed the need
to learn baby’s cognitive development, and another 2
participants worried about safety issues. Most participants
thought it was necessary to learn ECD knowledge. When asked
to describe interesting topics in ECD, most participants
mentioned baby’s growth and milestones, nutrition,
breastfeeding, and complementary feeding. Some participants
mentioned that they wereinterested in parent-child interactions
and baby’s social-emotional development. Several participants
were interested in mental health support for mothers. Sample
responses included: “1 want to learn whether his growth is
normal, and how parents should interact with him.” “My first
child often caught cold probably because | did not have enough
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breastmilk. For my second child | want to know how to prevent
cold” and “1 would like to learn about safety issues. My home
is near the street. It is dangerous for the kids. | worry about
safety when he startsto learn walking.”

Some participants reported that they did not learn parenting
knowledge before giving birth to this child, whereas many
learned parenting knowledge from books and the internet, and
only 2 reported having learned ECD knowledge from health
careprofessionals. A magjority of the participants perceived that
they had limited ECD knowledge, and some didn’t feel the need
to learn parenting knowledge. One response was, “| want to
know more about how to take care of my baby when he is
getting old, and how to help him recover without taking
medicines when he is sick.” Some participants thought that
parenting information they found online was inconsistent, and
they perceived the necessity to promote the child's early
development.

Perceived Usefulnessand Barriersto Learn and Practice
Parenting Knowledge

Many participants were willing to learn ECD knowledge from
health professionals. One response was, “I want to learn
parenting knowledge from experts. If it doesn’t take a lot of
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time, | amwilling to follow experts’ suggestions. | can read the
messages after my baby sleepsat night. | don’t have time during
the daytime.”

Some participants responded that they did not have barriersin
following experts advice, but many expressed that they had
difficulties following experts suggestions because they had
limited time and financial resources, limited experiences, and
their children did not react as expected or they had different
opinions with family members. Some examples were, “1 have
to go towork. | may not havetimeto follow experts suggestions
on childcare,” “I think the biggest obstacle for meisthat if the
experts recommend a new-brand formula which is very
expensive, | will not follow their suggestions,” and “1 may not
follow the experts recommendation when my child's
grandparents have different opinions on parenting.”

Maternal Self-Efficacy

Many participants illustrated that they made decisions on
childcare by themselves or together with their husband. Some
participants responded that their husband made the decision
about childcare, and some illustrated that their mother-in-law
made the decision.

Overall, most participants said they had good relationshipswith
family members, while some expressed that they did not have
good relationships with their parents-in-law. Many participants
said they preferred to follow health professionals’ suggestions
in caring for their babies when there was a conflict between
experts’ and family members’ suggestions, while 2 participants
replied that they preferred to follow family members
suggestions. However, only 4 participants were willing to
communicate with their family members the knowledge they
learned from professionals or persuade them to take the
evidence-based advice, and some participants said they would
not persuade family members because their parents had limited
ability to understand the knowledge.

Preferences for the Design of the I ntervention

Almost all participants had a smartphone and had access to
internet on their phones, and only 1 person shared the
smartphone with her husband. Almost all participants preferred
to receive messages via smartphone apps, and half of them
preferred to receive the messages once a week, while 9
participants preferred to receive the messages every day or twice
aweek. Overall, most participants responded that they would
keep and share the messages and won't del ete them. A majority
of the participants were willing to receive personalized
information based on their child’s characteristics. One response
was, “I would prefer to receive personalized suggestions. My
child is different from other kids” However, several mothers
preferred to receive general messages and stated that they would
like to keep their baby’s information confidential.

When asked if they were willing to search for answers from
health professionals when having questions, many participants
preferred to consult with pediatricians at the county hospital,
some preferred to communicate via phone with professionals
in large hospitals remotely, and some of them would search for
answers online. Most of them expressed that they did not trust
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village doctors and were more likely to ask for opinions from
doctors at larger health care facilities.

Raised Suggestions to Modify the Message Contents

When shown the sample text message, 11 mothers spent on
average lessthan 3 minutesto read one message, and 10 mothers
spent 3 to 5 minutes to read one message, and 4 of them spent
more than 5 minutes.

Some participants emphasi zed that they were very interested in
the weekly game section. One participant illustrated,
“parent-child interaction is very beneficial for the healthy
development of the child's personality.” Another participant
described that “I like the section of parent-child interaction.
Every mom enjoys playing games with their child” Some
mothers expressed that they liked the weekly care section on
nurturing, teething, or mood management.

Most participants considered the message understandable, and
some indicated that they preferred videos and pictures to text.
A few said that they did not understand even though they were
literate enough to read the text. One response was, “it may be
better if the messages can be conveyed viaavideo. | can easily
understand the messages by watching a video.” Further, 3
participants suggested that the messages should include a
platform for interaction between receivers and hedth care
professionals. One response was, “I like the weekly question
and answer section because | would like to have a platform
where specific questions are answered by the experts.”

Discussion

Principal Findings

This study focused on assessing feasibility of an ECD
intervention using mobile phonesto meet the needs of mothers
of newborns based on their beliefs, traits, and preferences. By
interviewing 25 mothers, we enhanced our understanding of
the necessary elementsfor an ECD intervention to be acceptable
to low-income communities and determined the factors that
may affect the usability of the intervention. From the
demographic information, the samples in our study were
distributed evenly in rural and urban areas and covered avariety
of races. The majority of mothersweinterviewed reported under
¥5000 (US $750) estimated household income per month.
Overall, the samples in our study fitted our targeted ECD
intervention, which was mothers of newborn children from the
poverty-stricken area.

Theresultsindicated that mothersliving in high-poverty regions
of China had strong perceived demand for understanding the
risk of poor childhood development. They had limited
knowledge on ECD and needed evidence-based information.
They were concerned that children may experience health
problems such as malnutrition and poor cognitive devel opment.
From this perspective, we believe that the general guidance on
how to deal with common disease and malnutrition as well as
anticipatory guidance on development should be easily accessed
in the mHealth program to increase the motivation of use.
Furthermore, they realized that parent-child interaction played
avital role in ECD. The participants expressed their interests
to learn how to read books and play games with their child.
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Therefore, education information on those aspects should be
maintained in the mobile phone—aided intervention.

In terms of likelihood of action, the participants believed that
learning parenting knowledge would hel p them better understand
the child’'s needs. However, perceived barriers such as having
limited time and resources, different opinionsin childcare among
family members, and distrust of village doctors exist, which
may affect whether participantsfollow the evidence. Therefore,
it might help to expand the mobile health program to incorporate
training for local doctors and community health workers, in
order to build a trustworthy relationship between parents and
local health professionals [36]. In addition, many participants
lived with their parents, who may influence their decision
making, and several participants reported that their husband or
mother-in-law made decisions on childcare. Although some
indicated that they would prefer to follow the evidence-based
information, they were still concerned that their parents or
parents-in-law would insist on the traditional beliefs. A potential
approach to address this barrier is to create a shared account
among family members so that everyone in a household can
learn ECD knowledge. It isworth noting that some participants
had a high risk of postpartum depression based on the cutoff
point of our screening tool, and messages/sections on postpartum
mental health support should be incorporated in the ECD
intervention.

As for the feasibility and ideas on the ECD app content, we
found most participants had access to the internet and
smartphones, thus the mobile health program was feasible for
this population. However, the participants had relatively low
breastfeeding rate/attempts and low health literacy, and thus
multimedia (eg, video, graphics, and text) and plain language
should be applied to make the content more understandable.
Visuals help make the information more persuasive and
memorable[37], whichis particularly important for peoplewith

Zhang et a

low health literacy [38]. Plain language with a concise and
organized writing style helps participants better understand the
messages. Moreover, since the participants indicated that they
didn't have much time due to childcare responsibilities, text
message that took more than 5 minutesto read might belengthy
for them. Prior studies have proven that media-assisted
interventions, such as video episodes, can increase the reach
and reduce the cost and timefor parent education; these are also
parents’ strongest preferences [39,40]. Therefore, instead of
using text, we plan to create 1-minute videos in the new
designed app conveying parenting knowledge and early
childhood interventions to decrease learning time and make
learning more convenient and attractive for the parents.

Limitations

We did not specifically interview mothers whose children are
at older ages, and their needs for parenting education could be
different with those momswho have anewborn child. However,
wedidinterview several momswho already have an elder child,
so we were able to retrieve some information on this end.

Conclusion

Our study proposed that mHealth should be considered as one
of thetechniquesin interventions on ECD dueto itsfeasibility,
low cost, and potential to cover awide range of the population.
This was the first study to ever understand the beliefs and
barriersfor amobile phone—based intervention to improve ECD
in a high-poverty region in southwestern China. We conclude
that even in poverty-stricken areas, both the technology and the
health literacy meet the requirement for the implementation of
mHealth programs. Furthermore, this study brought out some
potential ideas to make it more feasible when applied on the
ground. The results of the study will aid in the development of
potentially effective early childhood programs in underserved
regionsin LMICs.
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