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Abstract

Background Early childhood development profoundly impacts well-being. Mobile health (mHealth) technologies
are increasingly integrated into healthcare due to their scalability, affordability, ability to deliver personalized
interventions. This paper presents a randomized controlled trial evaluating the effectiveness of a culturally appropriate
mobile-based intervention in promoting early childhood development and improving caregivers’ knowledge, attitudes,
and practices.

Methods This assessor- and analyst-blinded, stratified RCT evaluates a mHealth intervention for children under
42 months. The intervention is a culturally appropriate mobile-based educational program focusing on cognitive,
motor, and language development delivered via a mobile application. We will recruit 110 at-risk caregiver-child
pairs (identified by ASQ) from a developmental center in West Azerbaijan, Iran. Participants will be stratified by
developmental concern type and randomly assigned (1:1) to intervention or control using a computer-generated,
stratified block sequence. The intervention group will receive the mobile program plus standard care; the control group
will receive standard care only. Developmental outcomes will be measured using the Bayley scales at baseline and
four months. Secondary outcomes include caregivers’ KAP measured by a structured questionnaire. Primary analysis
will use ANCOVA. Outcome assessors and data analysts will be blinded.

Expected Results We predict children in the intervention group will show greater improvements in cognitive, motor,
and language domains than controls. Caregivers in the intervention group will show higher KAP scores. Findings will
provide evidence supporting adapted mHealth interventions in low-income settings.

Discussion This rigorous trial addresses an evidence gap in low- and middle-income settings with limited access
to developmental supports. Despite blinding challenges in behavioral interventions, methodological safeguards
minimize bias. Results will inform digital health strategies and may serve as a model for integrating mHealth into
early childhood care systems in resource-limited settings.
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1 Introduction

Background

During the early stages of childhood development, the
human brain develops rapidly,"! and attention to children’s
development during this period can have lifelong effects
on each person’s personal and social life.>® In fact, the
early years of children’s lives lay the foundations for the
human capital infrastructure of societies.”! Therefore,
promoting optimal childhood development has been
included as a key goal in the global development
agenda for the third millennium ¢ and has attracted
considerable attention from national communities and
international organizations such as the World Health
Organization (WHO), the World Bank, and the United
Nations International Children’s Emergency Fund
(UNICEF)."! With the support of these organizations, the
Nurturing Care Framework (NCF), including adequate
nutrition, good health, security, learning opportunities,
and responsive care, has been proposed.’®®! Studies have
shown that development-promoting activities within
this framework can have positive effects on children’s
physical, social, and emotional development.'®

A variety of methods have been used to promote early
childhood development.l'! Some studies have used
education for caregivers through training classes,!"
while others have used brochures and manuals to educate
caregivers or integrated interventions.'¥! Intervention
tools, especially in recent years, have moved towards the
use of information technology.l'"#'3! These tools include
a wide range of tools approaches, including the use of
multimedia tools!'® and online communication,['-'®! the
use of websites and portals,?>?" the use of augmented
reality games,/?2% the word-counting systems,® and
even motion recognition sensors. 2!

MHealth tools are effective in improving health services.
126271 'With their high accessibility and low cost, these
tools can eliminate the problems of providing services
in remote areas.®® They can also provide mental health
support to parents by automatically monitoring and
promoting early childhood development (ECD)?9
and help to report accurate results,*>*! especially in
resource-limited environments such as low and middle-
income countries (LMICs).®%%1 In addition, this tool
has opened a new window to solve health problems by
providing personalized services for each individual.
4 This tool can affect the literacy and knowledge of
individuals and improve their insight and performance.
51 Tt has been shown that mHealth tools, especially if
they are in the form of nurturing care, can have positive
effects in various areas of child development.®® The
use of smartphones, especially apps, has been used to
promote child development, especially in high-income
countries, but most of them lack the necessary quality

and need to be designed with a scientific method B72€!
and evaluated for clinical effectiveness.?%

MHealth can strengthen the interaction between the
patient and other health-related factors, including general
practitioners, specialists, health managers, and other
relevant fields.*? In this case, it is important to adapt
intervention tools to the local culture and attitudes of
the community so that they can influence the knowledge
of child caregivers.*"! Of course, government policies,
the establishment of relevant laws, and the adoption of
coordinated interpectoral policies are also important.[*?!
To our knowledge, there are few studies examining
smartphone interventions in the context of child
development. Furthermore, the impact of smartphone
interventions on children, as well as the impact of these
interventions on parental knowledge, attitudes, and
practices, has not been measured.

Objectives

This study protocol outlines the design and methodology

of a randomized clinical trial (RCT) aimed at evaluating:

1. Whether a mobile phone-based intervention is
more effective than conventional interventions in
improving ECD outcomes.

2. Theimpactoftheintervention on parents’knowledge,
attitudes, and performance (KAP) regarding ECD.

We detail the trial design, randomization process,

intervention components, outcome measures, and

statistical analysis plan to ensure reproducibility and

transparency.

2 Methods

Study design

This study was designed as an experimental, two-arm,
parallel-group RCT. This design was chosen because
of its robustness in establishing causal relationships
and its ability to minimize confounding factors.[**! The
objective was to evaluate the effectiveness of a mHealth
intervention on child development indicators. The
intervention group used a smartphone application in
addition to the usual care. The intervention group will be
managed by a system. Recommendations will be selected
by clinicians and sent to their mobile phones. The control
group will receive the usual interventions. Figure 1
illustrates the study’s flow, participant progression,
intervention pathway, and evaluation timeline.

Study setting

This study will be implemented in West Azerbaijan
Province, one of Iran’s 31 provinces. The province covers
an area of approximately 23,000 square kilometers
and has a population of over 3 million. Enrollment of
children will begin in mid-2026. With the support of
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Figure 1 Study flowchart depicting participant progression, intervention pathway, and evaluation timeline.

Urmia University of Medical Sciences, the research team
will be based at the provincial referral clinic for growth
and development.

With the support of Urmia University of Medical
Sciences, the research team was based at the provincial
referral clinic for growth and development. A child
development specialist delivers a standardized training
program that includes exercises to enhance children’s
cognitive, motor, and socio-emotional development.
Four trained trainers are stationed at the Comprehensive
Development (Growth) Center. Each has completed at
least one day of theoretical training and four days of
practical training in measuring child development and
growth indicators. Two of these trainers will conduct
sessions at the center.

The program content is provided by the Iranian Ministry
of Health and is fully adapted to the local culture and
environment. The trained specialists administer the
Bayley Scales of Infant and Toddler Development using
a standardized procedure to identify developmental
delays. A child development specialist supervises the
entire process, and parents of children identified with
developmental delays receive appropriate guidance and
counseling.

Participants
In Iran, children are screened in primary health care
centers in various developmental domains using the
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Ages and Stages Questionnaire (ASQ). Children who
are susceptible to developmental delay are referred to the
Child Development and Development Reference Clinic.
In this study, all child-caregiver pairs who are referred
to the Child Development and Development Reference

Clinic of Urmia University of Medical Sciences will

be included in the study until the number of samples is

complete, and the following conditions are met.

The inclusion criteria for child-caregiver pairs are as

follows:

e The child is less than 42 months old.

*  The child’s caregiver has a smartphone.

e The child’s guardian has at least a high school
diploma.

Child-caregiver pairs will be excluded from the study

under the following conditions:

e The child has a developmental disorder, i.e., his/her
composite developmental score is less than 70 on the
Bayley Scales of Infant and Toddler Development.
[44]

* The parents plan to travel abroad in the next 4
months or move to a distant location.

e The child received other effective complementary
interventions (such as referral to another specialist
or clinic) during the intervention.

Usual care
The Iranian Ministry of Health provides primary care to
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all children from birth at first-level health centers. In these
centers, children are screened for development using the
ASQ. Children who are at risk for developmental delays
are then referred to a comprehensive developmental
clinic. In these clinics, the Bayley Scales of Infant
and Toddler Development is used to determine a
developmental disorder definitively. Children either have
a developmental disorder and are referred to a specialist
doctor, or have developmental delays or are at risk of
such delays, and receive targeted education provided
by doctors, and supplementary activities are delivered
through brochures and booklets. Follow-up visits are
conducted during subsequent appointments to monitor
progress. Both the intervention and control groups in this
study receive the usual interventions; however, in the
intervention group, supplementary activities are provided
in the form of a mobile application in addition to the usual
materials. This application facilitates interaction between
the child’s caregiver and the treatment team (Figure 2).

Review of ASQ questionnaire and scoring by
health worker

Referral of the child to the center's physician

for confirmation and decision on the test

Referral of child for ASQ test requires referral
to designated physician

Referral of children with potential issues for
Bayley test

Test conducted by Bayley Il specialist { trainer
Scoring of the test and recording of results

Referral to trained Bayley physician for

interpretation of results and final decision

level necessary?
Referral to higher level and follow-up until
outcome is achieved

Figure 2 Implementation process of Bayley I11 1!

Intervention

The intervention tool is an educational content
management system and a mobile application that
provides educational content in three main areas of
child development. The design of this system will be
done after collecting requirements from doctors and care
providers using a requirements gathering questionnaire.
The implementation of the system will be done using the
programming languages ASP.NET and Android Studio.

The software system manages the communication
between the team of specialists and the child’s caregivers,
and child-specific recommendations are sent to the
parents. Parents discuss the sent recommendations with
the child. If necessary, the parents provide feedback and
communicate with the health team. In the next in-person
monitoring, recommendations related to improving
development are updated, and the next monitoring cycle
begins.

The content of this system has been created based on
the Iranian Ministry of Health guidelines for child
development. This content is defined as a standard.
The doctor can also upload the content that he wants
to provide to the child’s caregivers. In addition to this
content, the system also includes general information
about child development and other standard educational
materials in this field.

The system consists of two main parts. In the first part,
a web application is available to the child development
specialist who views the child’s information. He can
view/delete/edit the child’s activities during the period
and can also send standard activities to the child’s
caregivers based on the guidelines of the [ranian Ministry
of Health and the Child Development Department. In the
second part, there is a mobile application that receives
the activities sent by the doctor and keeps a record of
the activities performed. In addition, the caregiver can
use general educational information and interact with the
relevant doctor in the form of a chat.

Sample size

In this study, the sample size refers to the number of pairs
of caregivers and children studied in the two intervention
and control groups. To obtain the sample size, and a error
of 0.05, a test power of 80%, and a ratio of participants
in the two groups of 1:1 were considered. The population
standard deviation for the composite score index for
development was 15, and a mean difference of 6 points
was estimated for the test to be significant. In this way,
the sample size was estimated to be 98 samples (49 per
group) based on two independent samples.*®! Accounting
for a 12% attrition rate, a total of 110 parent-child pairs
will be recruited. Sampling will continue among parents
who visit the Child Development Clinic at Urmia
University of Medical Sciences and have children
meeting the inclusion criteria, until the target sample size
is achieved.

Recruitment Sample size

Participants will be selected from parent-child pairs
referred to the Growth and Development Clinic by
primary health centers. Trained research associates will
assess the children using the Bayley Scales of Infant
and Toddler Development. Those meeting the inclusion
criteria will have informed consent obtained for data
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collection and long-term follow-up. Upon enrollment,
the KAP questionnaires will be administered, and
participants will be randomly assigned to either the
intervention or the control groups.

Randomization and allocation

In this study, 110 samples will be equally allocated into
intervention and control groups in a 1:1 ratio. To ensure
balanced group sizes, a stratified block randomization
procedure will be employed, implemented through a
component within the study software system. Given
that participants are categorized into three distinct
developmental domains (language, motor, and
cognitive), a separate randomization sequence will be
generated for each stratum. For this purpose permuted
blocks of random assignments (using ‘0’ for control
and ‘1’ for intervention) with varying block sizes (e.g.,
four and six) will be created for each domain using
the true random number service RANDOM.ORG.
7 These sequences are then securely uploaded into
the system’s allocation module. Upon enrollment and
confirmation of eligibility, the recruiting clinician will
enter the participant’s assigned developmental domain
into the system. The system will then automatically and
irrevocably assign the participant to the next available
intervention or control group within the corresponding
domain-specific randomization sequence. This process
ensures concealment of allocation, as the clinician cannot
foresee future assignment.

Both groups will receive conventional interventions in
accordance with the standards of the Iranian Ministry
of Health. In addition, participants allocated to the
intervention group will receive the supplementary
intervention in the form of a mobile application and an
educational system.

Blinding

In this study, blinding of outcome assessors and data
analysts will be implemented. Due to the nature of
the intervention, full blinding of participants was not
feasible, as those in the intervention group received
the mobile application link. In the study process, the
inclusion of participants in the intervention or control
group is conducted by sending the application download
link to the mobile phone, so the assessors of the outcome
indicators will not be aware of the type of participant
group. In addition, the data analysis will be performed
by an analyst who is blind to the type of participant
group in the study. Since the care provider (physician)
performing the intervention will necessarily be aware of
the allocation of participant groups, he or she will not be
involved in outcome measurement or data analysis, thus
minimizing potential bias.
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Data collection, data management, monitoring and
auditing

Various tools are used for developmental screening of
children. One of the most common tools is the ASQ
questionnaire.*34°! This questionnaire is globally valid
and is used in Iran as a child development-screening tool
in health centers. This questionnaire has a total of 30
questions for children aged 2 to 60 months and assesses 5
areas of communication (speech and language), problem
solving, interpersonal-social skills, and gross and fine
motor skills, with six questions in each area with options
of (not yet), 0 points, 5 points (sometimes), or 10 points
(yes). Children who score less than 2 standard deviations
from the mean in one or more areas are identified and
referred to comprehensive child development centers for
further evaluation. The validity and reliability of the ASQ
questionnaire for Iranian children have been proven.”
The Bayley Scales of Infant and Toddler Development,
Third Edition (Bayley IIl) is a diagnostic tool for
developmental delay in children. It is used to definitively
diagnose cases referred as developmental delay in
screening tests. The Bayley Scales is considered the
gold standard for diagnosing developmental disorders.
It covers children between 1 and 42 months of age and
assesses the child’s developmental level in five areas.
If the child development specialist diagnoses a severe
developmental disorder, referral to higher-level centers is
made, and if developmental delay is diagnosed, activities
are provided to increase the child’s potential. The validity
and reliability of the Bayley Scales for Iranian children
have been proven.!!

A researcher-made questionnaire will be used for the
KAP study. Using scientific sources and documents,
the main indicators in the KAP questionnaire are
determined and the indicators are categorized. After the
structural validity is confirmed by a pediatrician, the
questionnaire is presented to 5 faculty members of Urmia
University of Medical Sciences to examine the content
validity. Corrections, comments, and suggestions of the
professors are applied to the questionnaire, and thus the
validity of the instrument is obtained. The reliability
of this questionnaire is evaluated in the way that the
questionnaire is presented to 10 parents selected from
the sample population receiving services. After a 10-
day interval, the same parents are questioned again. The
results are evaluated and the questions that have defects
are corrected. Then, the questionnaire is given to 10 other
parents and after 10 days, these parents are questioned
again. This process continues until new information is
obtained. Then, the data is collected and their reliability
is measured with the Cronbach’s alpha test to confirm the
reliability of the questionnaire.

Statistical Assessment and analysis
Developmental outcomes in children will be assessed
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using the Bayley Scales of Infant and Toddler
Development. Key indicators will be measured in three
domains: motor development including gross and fine
motor skills, language development including expressive
and perceptual skills, and cognitive development.
Outcomes will be measured at two time points: baseline
and four months post-intervention. The primary analysis
will use Analysis of Covariance (ANCOVA) to compare
post-intervention scores between the intervention and
control groups, using baseline scores as a covariate. For
KAP study, data will be collected using a questionnaire
developed by the researcher. Paired t-tests will be used
to compare KAP scores within each group from baseline
to post-intervention. Additionally, independent samples
t-tests will be used to compare the post-intervention KAP
scores between the intervention and control groups. For
all statistical tests, a two-sided significance threshold of
p < 0.05 will be applied. Data analysis will be performed
using IBM SPSS Statistics software by an independent
statistician to ensure impartiality.

Ethics and dissemination

The trial is scheduled to commence in mid-2026, with
participant recruitment expected to conclude by the end
of the same year. Informed consent will be obtained from
participants, who will be informed that their participation
is entirely voluntary and that they may withdraw at any
time without any impact on their standard care. The
study findings will be disseminated through publication
in peer-reviewed journals and presentation at scientific
conferences. Furthermore, the results will be submitted
to the Iranian Ministry of Health.

3 Expected Results

Recruitment for this randomized controlled trial is
scheduled to begin in mid-2026, and enrollment will
continue until 110 caregiver-child pairs are enrolled and
randomly assigned equally (1:1) to the intervention or
health control group. The study will be conducted in West
Azerbaijan Province, Iran, with the research team based at
the provincial Development and Growth Referral Clinic,
supported by Urmia University of Medical Sciences.
The intervention will consist of a smartphone health-
based educational program that delivers culturally
appropriate content provided by the Iranian Ministry
of Health. The program targets three key areas of child
development: cognitive, motor, and socioemotional
skills. Child development specialists will conduct
delivery and four trained educators based at the
Comprehensive Development Center, all of whom have
received standardized theoretical and practical training
in measuring child development indicators. Fidelity and
adherence to the intervention will be assessed throughout
the study.

The primary outcomes are children’s developmental
scores, assessed using the Bayley Scales of Infant and
Toddler Development, covering the domains of motor
(gross and fine), language (verbal and receptive), and
cognitive. Assessments will be conducted at baseline and
four months (end of intervention). Children identified as
having developmental delays will receive appropriate
counseling and referral under the supervision of a child
development specialist. Children in the intervention
group are expected to show greater improvement in
developmental scores than in the control group. The
primary analysis will compare post-intervention outcomes
between groups using appropriate parametric tests, with
baseline scores adjusted for as necessary. A two-sided p
value < 0.05 will define statistical significance .analyses
will follow the intention-to-treat principle, conducted by
an independent statistician.

Secondary outcomes focus on caregivers’ KAP regarding
early childhood development. The researcher using a
structured questionnaire will collect data, and scores are
expected to be higher in the intervention group after the
intervention.

Overall, this trial is expected to provide strong evidence
on the effectiveness of an ambulatory health-based
educational system in promoting early childhood
development. By providing structured, evidence-based
content and monitoring child development outcomes and
caregiver engagement, this study aims to provide valuable
insights for health professionals and policymakers
seeking scalable interventions in low-income settings.

4 Discussion

This protocol describes a carefully designed, assessor-
and analyst--blinded, stratified, RCT to assess the
effectiveness of a mHealth intervention aimed at
promoting ECD in children under 42 months of age.
RCT study can clarify the impact of these systems by
creating greater interaction between parents and the
health team, along with detailed assessments of child
development indicators.®? Furthermore, conducting
studies that increase interaction between parents and the
health team has been identified as a research challenge,
given the critical importance of the first five years in
shaping children’s cognitive, emotional, and physical
development.3

The proposed trial addresses a significant gap in the
literature by testing a technology-based intervention that
uses mHealth platforms to provide timely, accessible,
and tailored support to caregivers. Previous studies
have demonstrated the potential of mHealth tools to
improve health behaviors and service utilization.54-5!
However, few have rigorously evaluated their impact on
developmental outcomes using a stratified RCT design.
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71 Using this robust methodology, our study aims to
generate high-quality evidence on the effectiveness of
mHealth in enhancing developmental milestones that can
inform policy and planning decisions globally.

A key strength of this study is the stratified, assessor-
blinded design, which minimizes bias and strengthens
the validity of the findings. Furthermore, the use of
standardized and validated developmental assessment
tools ensures reliable measurement of outcomes.*¥ The
scalability and adaptability of the intervention to diverse
contexts further enhance its potential impact on public
health. Furthermore, by targeting children under 42
months of age, the intervention is aligned with global
priorities such as the Sustainable Development Goals and
the Foster Care Framework.

Despite these strengths, some challenges are anticipated.
Ensuring consistent engagement with the mHealth
platform among caregivers may be challenging,
particularly in populations with limited digital literacy
or intermittent access to the Internet. To mitigate this,
this study includes user-friendly interfaces and ongoing
technical support. Furthermore, while an assessor-
blinded design reduces bias, full blinding in behavioral
interventions can be challenging, and we will carefully
monitor potential instances of blinding.

If effective, this mHealth intervention could serve as
a model for integrating digital health strategies into
early childhood programs, especially in LMICs. These
findings will help increase the evidence base supporting
technology-based health promotion and may stimulate
further research to examine cost-effectiveness, long-term
effects, and adaptation to other developmental domains
or age groups.

5 Conclusion

This study protocol provides a comprehensive design for
evaluating an innovative mHealth intervention targeting
early childhood development. The results will provide
valuable insights into the feasibility, acceptability,
and effectiveness of digital health tools in supporting
caregivers and improving child development outcomes.
Ultimately, this research has the potential to provide
scalable solutions that address critical gaps in care and
early childhood development globally.
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