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Abstract

Delayed early childhood development and violence against children are major global
challenges, particularly in low-resource settings. Universal digital-human parenting
interventions may offer a scalable solution by overcoming barriers associated with
traditional in-person programs. This study reports the first pragmatic randomized
controlled trial evaluating a blended chatbot-based parenting intervention delivered
within the Chinese preschool system. The trial was conducted in a lower-middle-
income city in central China. Twenty-one preschool classes were cluster-randomized
to a treatment group (n=10) or waitlist control (n=11). Primary caregivers of enrolled
children participated following informed consent. The intervention comprised a 2.5-
month chatbot-led digital parenting program supported by weekly or twice-weekly
online group sessions facilitated by headteachers and social workers. Data were
collected at baseline, post-intervention, and at 6- and 12-month follow-ups. Primary
outcomes were caregiver-provided early learning and stimulation, and caregiver-
perpetrated violence. Analyses followed the intention-to-treat principle using multi-
level regression models. Equity effects related to caregiver and child disability were
explored through moderation and subgroup analyses. Sustainability of impacts was
assessed, and complier average causal effects examined the role of intervention
completion. Between March 2024 and June 2025, 541 caregivers of children aged
3—6 years were enrolled (treatment: n=272; control: n=269), of whom 25.2% were
male. Overall, 60.3% completed all chatbot modules. At post-intervention, the pro-
gram significantly improved early learning and stimulation (3=1.79, 95% CI [0.24,
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3.34]) and reduced caregiver-perpetrated violence (IRR=0.87, 95% CI [0.80, 0.96]).
The intervention showed potential to advance equity for families affected by disabil-
ity, with some effects sustained at follow-up. Complier analyses indicated reduced
endorsement of corporal punishment and lower parental anxiety among participants
completing at least 30 modules. Universal digital-human parenting interventions
embedded in preschool systems can enhance early childhood development and
reduce violence, highlighting the importance of human support and cultural adapta-
tion to optimize engagement and outcomes.

Author summary

Many young children around the world do not receive enough learning op-
portunities at home and are exposed to violent discipline, which can neg-
atively affect their health and development. Parenting programs can help,
but in many settings they are difficult to deliver because they require time,
travel, and specialized staff. We wanted to examine whether digital tools,
combined with limited human support, could provide a practical and inclusive
alternative.

In this study, we tested a parenting program delivered mainly through a smart-
phone chatbot, supported by online group discussions led by preschool teachers
and social workers. The program was offered to all families with preschool-aged
children in a public preschool in China, allowing us to assess its effectiveness
under real-world conditions.

We found that families who received the program spent more time support-
ing their children’s learning and used less physical punishment. Parents also
reported fewer emotional problems in their children and lower levels of anxiety
themselves. These benefits were observed across diverse families, including
those affected by disability, and some improvements lasted beyond the end of
the program.

Our findings show that combining digital parenting support with human guid-
ance can be a scalable way to promote healthy child development and reduce
harm. This approach may be especially valuable in communities where access
to traditional services is limited.

Introduction

Delayed early childhood development (ECD) remains a global challenge. Approx-
imately 250 million children under five worldwide are at risk of not reaching their
developmental potential, with children in low- and middle-income countries (LMICs)
and those with disabilities disproportionally affected [1]. In China, 17% of children
in this age group—around 14 million—face such risks due to stunting (defined as
height-for-age more than two standard deviations below the WHO Child Growth
Standards median) or poverty [2]. Early childhood is a period when the brain is highly
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sensitive to stimulation and care. It forms the foundation for lifelong development, psychological well-being, and economic
productivity [3,4].

ECD is shaped by the dynamic interaction between the child and their environment, with nurturing care as a fundamen-
tal determinant of healthy psychosocial adjustment. This includes health and nutrition support, early learning opportuni-
ties, responsive caregiving, and safety and security [5]. Primary caregivers are the architects of this environment; without
nurturing care, children miss critical developmental opportunities and face increased risks of harm, including violence, and
subsequent psychopathology.

Violence against children (VAC) is not only a human rights violation but also a potent risk factor for psychiatric morbid-
ity. Globally, around one billion children experienced VAC in the past year, with children with disabilities more than twice
as likely to be affected [6,7]. In the Chinese Mainland, the lifetime prevalence of caregiver-perpetrated VAC is estimated
at around 30% [8]. Exposure to VAC, particularly in early childhood, exacerbates developmental delays, precipitates the
onset of internalizing and externalizing symptoms, and undermines educational and economic prospects [9].

ECD parenting programs aim to strengthen caregivers’ ability to provide nurturing care and protect children from violence
[5]- In-person programs have demonstrated positive effects on child development across multiple domains, and have altered
factors associated with caregiver-perpetrated violence for families of children with and without disabilities [10,11]. Despite
this evidence, scalability remains limited due to logistical (e.g., time, transport, childcare), structural (e.g., limited and costly
human resources), and cultural (e.g., stigma around receiving mental health or parenting support) barriers [12].

Digital parenting interventions have emerged as a scalable alternative to in-person delivery [13]. Increasing global internet
access and digital literacy have improved their reach and potential for universal public health impact. Meta-analyses from
high-income countries show that digital parenting programs targeting high-risk populations can achieve multiple positive
child and parental outcomes [14—21]. Although low-risk families also face challenges in supporting child development and
protection—for example, a survey of nearly 200,000 families across nine Chinese provinces found that 84.5% of caregivers
expressed a need for evidence-informed parenting support to address daily challenges [22]—few studies have tested univer-
sal intervention approaches. A recent meta-analysis identified 22 RCTs and quasi-experiments of self-guided, universal dig-
ital parenting programs, showing post-intervention improvements in parental mental health, self-efficacy, and social support
[23]. Only three studies were conducted in LMICs, all with small sample sizes, and none examined disability inclusion.

Self-guided digital interventions often face low engagement in real-world settings, with completion rates ranging from
0.5% to 28.6%, limiting their therapeutic effectiveness and public health impact [24]. Human interaction is increasingly
recognized as essential for establishing a therapeutic alliance and improving engagement in digital behavior-change inter-
ventions [25]. However, there is a lack of rigorous evaluations of universal parenting programs that combine digital and
human components and assess outcomes beyond immediate post-intervention, particularly in LMICs.

This study aims to evaluate the effectiveness of a universal digital-human parenting intervention, embedded in the pre-
school setting, for Chinese caregivers of preschool-aged children. Specific objectives include enhancing early learning and
stimulation, reducing caregiver-perpetrated violence, and mitigating child behavioral problems. It also examines the sustain-
ability of effects at 6- and 12-month follow-up and explores equity impacts among caregivers and children with disabilities.

To our knowledge, this is the first study of its kind. Findings aim to inform the design and scale-up of effective and
inclusive digital-human parenting interventions to address the universal reality of poor ECD and VAC, ultimately promoting
population-level child mental health, especially in low-resource settings.

Materials and methods
Study design and participants

A pragmatic, two-arm, single-blind, cluster RCT with a waitlist control group was conducted. A cross-over design was
not adopted due to the expected persistence of intervention effects, which would violate the assumption of no carryover
between periods. A waitlist control was used to ensure all participants had access to the intervention if beneficial, and to
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enhance recruitment and retention by assuring control families of eventual participation. The trial took place in Chengbei
Preschool, one of the largest public preschools in Xinyu, a lower-middle-income city in Jiangxi Province, central China.
The intervention was delivered as part of routine parenting support services.

Eligible participants were primary caregivers aged 18 years or older of children aged 3-6 years enrolled in the pre-
school, with access to a smartphone, who provided informed consent electronically after receiving an online information
sheet and explanation of study procedures. As a universal intervention, no additional individual-level exclusion criteria
were applied. All 21 classes within the preschool were eligible and included; no cluster-level exclusion criteria were
applied. Headteachers invited all eligible caregivers within their respective classes through routine school communication
channels.

No demographic or baseline data were collected from caregivers who declined participation, in order to respect pri-
vacy and ethical considerations. The trial protocol was prospectively registered on the Chinese Clinical Trial Registry
(ChiCTR2400081911, https://www.chictr.org.cn/showproj.html|?proj=221616)

Randomization and masking

Chengbei Preschool comprises three grade levels, each with seven classes (21 classes in total). The class was the unit of
cluster randomization. The preschool institution agreed to participate prior to trial initiation, and all 21 eligible classes were
recruited before randomization. Institutional approval for cluster participation was provided by the preschool administra-
tion. Randomization was conducted after baseline caregiver consent was completed. Eligible classes were randomly allo-
cated in a 1:1 ratio to the intervention group or the waitlist control group, using a computer-generated random sequence.
To ensure allocation concealment, randomization was performed by an independent researcher not involved in the study
design or implementation and with minimal subsequent involvement.

Outcome assessors and data analysts were blinded to group allocation, however, given the nature of the parenting
intervention, blinding was not feasible for caregiver participants, program facilitators, preschool administrators, trial coor-
dinators, or the principal investigator. All data collectors received standardized training in the study protocol and ethical
procedures and were explicitly instructed to avoid seeking or inferring group assignment throughout the trial. Likewise,
caregiver participants, facilitators, and trial coordinators were instructed not to disclose group allocation to assessors
during data collection. There was no cluster-level crossover or noncompliance during the trial. All clusters randomized to
the intervention arm received the intervention as allocated. Variation in adherence occurred only at the participant level.

Intervention procedures

Headteachers recruited eligible caregivers from each class, with one caregiver per family. Trained data collectors obtained
informed consent and conducted baseline assessments in March 2024 (TO0) via videoconferencing, by administering
encrypted online questionnaires and recording caregiver responses. Randomization was performed after baseline data
collection.

The intervention, Keyushiguang, was adapted from Parenting for Lifelong Health’s ParentText, a rule-based chatbot
developed in collaboration with UNICEF, the University of Oxford, IDEMS International, and other academic and institu-
tional partners, and made available as an open-access resource under a Creative Commons Attribution Share-Alike 4.0
license. The adapted version was delivered via WeChat and comprised 37-39 (depending on child age) brief interactive
modules covering eight positive parenting topics over 2.5 months. It included daily chatbot-delivered content and weekly
or twice-weekly WeChat message-based group discussions facilitated by social workers and headteachers. Chatbot
content was personalized based on caregiver and child characteristics. Full details of cultural adaptation, module content,
delivery format, and support features are provided in Table 1 in S1 Text.

Given that caregiver participation was central to intervention delivery, human elements were intentionally designed
to enhance engagement. These human supports operated across institutional, relational, and motivational levels,
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while serving four core engagement functions: accountability, social reinforcement, guided reflection, and behavioral
reinforcement.

At the institutional level, the program was introduced and endorsed by headteachers, who maintained established and
trusted relationships with families. Positioning the intervention within routine preschool parenting support services helped
legitimize participation, reduce stigma, and normalize engagement within existing school-family structures.

At the relational level, weekly or twice-weekly message-based group discussions were facilitated by headteachers and
social workers in existing WeChat class groups. These sessions aligned with ongoing chatbot topics and fostered peer
exchange, collective participation, and social accountability. Facilitators used structured prompts and suggested scripts
from a standardized manual to guide reflection, clarify misunderstandings, and contextualize digital content within caregiv-
ers’ everyday parenting experiences.

At the motivational level, a child-centered token incentive mechanism was implemented. Children received small
developmentally appropriate rewards linked to caregiver engagement with chatbot modules, indirectly reinforcing sus-
tained participation through family-level motivation. In addition, facilitators provided regular reminders and encouragement
through established communication channels to prompt timely module completion and maintain engagement momentum.
Together, these human elements were integrated to enhance uptake, support adherence, and minimize attrition under
real-world implementation conditions.

Regarding training and supervision, headteachers and social workers received a 6-hour structured entry training prior
to intervention delivery. Training covered the theoretical foundations of the program, facilitation principles, use of the digital
platform, and ethical considerations. Facilitators were provided with a standardized implementation manual, including
structured guidance and suggested scripts for group interactions to support consistency across classes. During the inter-
vention period, weekly supervision sessions were conducted to monitor progress and address implementation challenges.
Ongoing support was available as needed to ensure procedural consistency and fidelity. Although minor variations in facili-
tation style were expected in this pragmatic setting, core intervention content was standardized through chatbot-delivered
modules and structured discussion themes.

The intervention group began the program in April 2024, while the control group received no formal support during this
period. Post-intervention assessments (T1) were conducted in June—July 2024 for both groups. The waitlist control group
then began the program. A 6-month follow-up (T2) was conducted in December 2024 among the original intervention
group, as the waitlist control group began receiving the intervention after T1. A 12-month follow-up (T3) with the same
group was completed in June-July 2025.

Ethics approval was granted by Beijing Normal University (SSDPP-HSC-2024003) and the University of Oxford (SPI
DREC 25 006). Informed consent was also obtained from all caregivers, headteachers and social workers, who were
trained as program facilitators. All data were collected via encrypted online questionnaires and transmitted through secure
connections. Survey responses were stored on password-protected servers with access restricted to authorized research
personnel. Identifiable information was stored separately from survey data, and only de-identified datasets were used for
analysis.

Outcomes

The primary outcomes were child early learning and stimulation, measured using six items from the Multiple Indicator
Cluster Surveys (MICS), and caregiver-perpetrated violence, assessed using nine items from the International Society for
the Prevention of Child Abuse and Neglect Child Abuse Screening Tool for Trials (ICAST-T).

The secondary outcomes included child behavior problems, measured by parent reports on the Strengths and Diffi-
culties Questionnaire (SDQ); parental mental health, assessed using the self-report Depression and Anxiety subscales
of the Depression, Anxiety, and Stress Scale-21 (DASS); parenting stress, measured by the self-report Parental Stress
Scale (PSS); positive parenting, assessed using the Alabama Parenting Questionnaire (APQ) Positive Parenting and

PLOS Digital Health | https://doi.org/10.1371/journal.pdig.0001357 May 7, 2026 5/16




PLON. Digital Health

Involvement subscales; family function, measured with the Family APGAR scale; and attitudes toward corporal punish-
ment, assessed with one item from the MICS survey. All instruments used in this study have been translated and psycho-
metrically evaluated in Chinese populations, with evidence supporting their reliability and construct validity in family and
child development research contexts. More details and references are presented in Table 2 in S1 Text.

All outcome measures were collected via caregiver self-report using encrypted online questionnaires administered by
trained data collectors via videoconferencing. Participants were assured of confidentiality, and responses were not shared
with preschool staff to reduce social desirability bias.

Statistical analysis

Intervention effect estimation. All analyses followed the intention-to-treat principle, with participants analyzed
according to their original group assignments, regardless of intervention completion or dosage received. Caregivers
were free to decline participation before starting the survey. During survey administration, data collectors asked
caregivers to answer all items and to flag any questions they found unclear or awkward; when this occurred,
caregivers discussed their interpretation with the data collector (or referred the issue to the research team if
necessary) and then provided the most appropriate response based on their understanding. As a result, item-level
missing data were negligible by design. Any missing outcome data resulted from participant attrition at follow-up
assessments and were handled using multilevel mixed-effects models estimated via maximum likelihood under
standard missing-at-random assumptions. No multiple imputation was performed. Intervention effects were evaluated
at post-intervention (T1).

The study design aimed to maximize use of available participant resources within the existing intervention delivery
platform; therefore, the sample size was relatively fixed. Power calculations were conducted prior to implementation to
estimate the minimum detectable effect size (MDES) for the primary outcomes under the fixed design constraints of the
trial. Calculations assumed 21 clusters with 20—35 participants per cluster and intra-cluster correlation coefficients (ICCs)
ranging from 0.01 to 0.05, reflecting values commonly reported in preschool-based and parenting intervention cluster
trials. A two-sided significance level of a=0.05 was applied.

Under these assumptions, the MDES for Early Learning and Stimulation (linear multilevel model) ranged from =0.12
to 0.19 depending on cluster size and ICC values. For Caregiver-Perpetrated Violence (Poisson/negative binomial mul-
tilevel models), the MDES ranged from IRR=0.83 to 0.89. Full details of the power calculations are provided in Table 3a
and Table 3b in S1 Text.

For the frequency-based outcome of caregiver-perpetrated violence, Poisson or negative binomial regression models
were applied, depending on the presence of overdispersion. Continuous outcomes were analyzed using multilevel lin-
ear regression models. All models specified participant ID nested within cluster (class) as random effects to account for
between-class variability, including potential differences in headteachers and facilitation dynamics, and included fixed
effects for group (intervention vs control), time (TO, T1, T2, T3; primary inference for between-group effectiveness was
restricted to T1), and their interaction (group x time). Sensitivity analyses were conducted by adjusting for relevant covari-
ates, including child age and gender, and caregiver age and gender.

To examine whether intervention effects differed by caregiver or child disability status, subgroup and moderation analy-
ses were conducted by adding three-way interaction terms (group x time x caregiver/child disability) to the original models.
Follow-up analysis in the intervention group. Given the waitlist control design, the control group began receiving

the intervention immediately after the post-intervention assessment (T1). As such, they could not be followed as a
comparison group at the 6-month (T2) and 12-month (T3) follow-ups. Consequently, sustained intervention effects could
not be evaluated through between-group comparisons over time.

To examine within-group changes in the intervention group, we conducted follow-up analyses at T1, T2, and T3.
Generalized linear mixed-effects models were applied to intervention group data, using baseline (T0) as the reference.
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Participant ID nested within cluster was included as a random effect, and time was treated as a fixed effect to assess the
maintenance or change of outcomes over time within the intervention group.

Causal effect among compliers and predictors of engagement. To account for non-compliance in estimating
intervention outcomes, we used a two-stage regression approach to estimate the complier average causal effect
(CACE), with actual compliance defined as completing 30 or more intervention modules. As no universal standard exists,
compliance was defined as completing approximately 80% of modules, consistent with thresholds (75-95%) used in prior
studies. In addition, we examined potential baseline predictors of compliance, including caregivers’ baseline scores on
primary and secondary outcomes, caregiver and child gender and age, and cluster.

In addition to the pre-specified ITT and CACE analyses, a per-protocol sensitivity analysis was conducted. Participants
in the intervention group who completed fewer than 30 chatbot modules were excluded, consistent with the compliance
threshold defined in the Statistical Analysis Plan. Multilevel models identical to those used in the primary ITT analyses
were applied to the restricted dataset.

This study is reported in accordance with the CONSORT 2025 statement and the CONSORT extensions for cluster
randomized trials and pragmatic trials [26—28]. Reporting has been aligned with the recommended nomenclature and
organization of study components.

Results

A total of 665 eligible caregivers were invited to participate in the study, of whom 541 provided informed consent and com-
pleted the baseline assessment (T0), yielding an enrolment rate of 81.35%. Among the 21 classes, 10 clusters (n=272)
were randomly assigned to the intervention group and 11 clusters (n=269) to the waitlist control.

At the subsequent three timepoints (T1, T2, and T3), 39, 59, and 114 caregivers did not complete the assessments
due to time constraints, resulting in attrition rates of 7.2%, 21.7%, and 41.9%, respectively. All 21 randomized clusters (10
intervention, 11 control) were included in the primary analysis. The participant flow is presented in Fig 1.

Caregivers had a mean age of 36.6 years (SD 5.4). 74.8% (n=404) were female and 25.2% (n=136) were male. A
small proportion (n=4, 0.8%) were grandparents or other relatives. Most identified as Han ethnicity (=538, 99.4%).
Around one-third (n=177, 32.7%) had a rural household registration. The majority were married (n=526, 98.5%). Most
were employed full-time (n=419, 80.4%), and 45 (8.6%) were self-employed. 37.5% (n=203) had not completed an
undergraduate education. Frequent use of digital devices was reported by 64.7% (n=350), while 34.0% (n=184) used
them occasionally and 1.3% (n=7) rarely. A total of 86 caregivers (15.9%) reported disabilities related to mobility, hearing,
vision, adaptive living, communication, cognition, behavior, or other chronic conditions.

Children had a mean age of 4.9 years (SD=0.9), and 43.5% (n=234) were female. There were 1.9 children (SD=0.6)
and 4.5 members (SD=1.1) living in the households on average. Mothers were the primary caregivers in 76.3% (n=413)
of families, followed by grandparents (n=253, 46.8%) and fathers (n=215, 39.7%). Disabilities were reported by care-
givers in 23.7% (n=128) of the children. As all clusters were within a single preschool, cluster-level characteristics were
homogeneous and therefore not separately tabulated. Baseline demographic characteristics and outcome measures are
presented in Table 4 in S1 Text.

Program delivery

Among the 272 caregivers in the intervention group, 60.3% (n=164) completed all chatbot modules. The average number
of modules completed per person was 27.47 (out of 37 or 39, depending on child age). The module completion rate for
caregivers who initiated interaction with the modules was 99.8%. The overall completion rate for each of the eight parent-
ing topics ranged from 63.6% to 77.9%. When considering only caregivers who started at least one module with the topic,
topic completion rates ranged from 81.5% to 96.7% (Table 5 in S1 Text). Fig 1 in S1 Text presents the distribution of total
modules completed.
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Fig 1. Participant flow chart. Note. At each follow-up, all participants originally allocated to the intervention group were invited to complete the assess-

ment, regardless of prior participation. Dropout numbers were specific to each phase and not cumulative from earlier time points.

https://doi.org/10.137 1/journal.pdig.0001357.9001

Intervention effect estimation

Means and standard deviations for primary and secondary outcomes at TO (baseline) and T1 (post-intervention) for both
groups, along with summaries of missing data, are presented in Table 6 in S1 Text. Fig 2 visualizes both group-level and
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Fig 2. Pre- and post-intervention changes in early learning and stimulation and caregiver-perpetrated violence. Note. Each dot represents
an individual participant’s score at a given time point. Gray lines connect repeated measurements from the same participant to indicate within-person
change. Violin plots and boxplots reflect the distribution (density, median, and interquartile range) of scores within each condition.

https://doi.org/10.1371/journal.pdig.0001357.9g002

individual-level changes in primary outcomes from pre- to post-intervention, capturing overall trends and within-person
variability. Multilevel regression models were employed based on distributional diagnostics (Table 7 in S1 Text).

At post-intervention, the treatment group demonstrated significantly greater early learning and stimulation compared to
the control group (B=1.79, 95%CI [0.24, 3.34], p=0.023). Significantly lower levels of total caregiver-perpetrated vio-
lence (IRR=0.87, 95%CI [0.80, 0.96], p=0.005) and caregiver-perpetrated physical violence (IRR=0.71, 95%CI [0.61,
0.84], p<0.001) were also observed in the intervention group. No significant group difference was found for caregiver-
perpetrated emotional violence (p=0.521; Table 1).

Caregiver-Perpetrated Violence: Total was analyzed using a negative binomial multilevel regression model due to
overdispersion. Caregiver-Perpetrated Violence: Physical and Emotional were analyzed using Poisson multilevel regres-
sion models. All other outcomes were analyzed using linear mixed-effects models.

Per-protocol analyses yielded results consistent with the ITT findings. Among participants who completed at least 30 mod-
ules, the intervention effect on Early Learning and Stimulation was 3=2.46 (95% CI[0.74, 4.17], p=0.005), and the incidence
rate ratio for Caregiver-Perpetrated Violence (Total) was 0.88 (95% CI[0.79, 0.99], p=0.026) (see Table 8 in S1 Text).

For secondary outcomes, the intervention group showed significant reductions in support for corporal punishment
(B=-0.29, 95%CI [-0.53, -0.06], p=0.013), child internalizing behavior (3=-0.58, 95%CI [-0.97, -0.20], p=0.003), and
emotional problems (3=-0.42, 95%CI [-0.67, -0.17], p<0.001), compared to the control group. No significant effects were
observed for SDQ subscales for externalizing behavior, conduct problems, hyperactivity, or prosocial behavior. Significant
improvements were noted in total parenting (3=2.01, 95%CI [0.65, 3.37], p=0.004), including positive parenting (3=0.99,
95%CI [0.33, 1.66], p=0.004) and parental involvement (=1.02, 95%CI [0.15, 1.90], p=0.022). Additional intervention
effects were also reported for improved family functioning (3=0.64, 95%CI [0.18, 1.09], p=0.007) and reduced caregiver
mental health (3=-1.04, 95%CI [-1.90, -0.18], p=0.018), particularly anxiety symptoms (=-0.92, 95%CI [-1.39, -0.46],
p<0.001). No effect was detected on parenting stress or parental depression.

Sensitivity analyses adjusting for child and caregiver demographics yielded consistent findings, apart from family func-
tioning, for which the intervention effect became statistically significant (3=0.61, 95%CI [0.14, 1.08], p=0.010), indicating
the robustness of intervention effects (see Table 9 in S1 Text).
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Table 1. Estimated intervention effects at post-intervention (T1), based on linear, Poisson, and negative binomial multilevel regression
models.

B/ IRR SE 95% CI p-value
Early Learning and Stimulation 1.79 0.79 [0.24, 3.34] 0.023
Caregiver-Perpetrated Violence: Total 0.87 0.04 [0.80, 0.96] 0.005
Caregiver-Perpetrated Violence: Physical 0.71 0.06 [0.61, 0.84] <0.001
Caregiver-Perpetrated Violence: Emotional 0.96 0.06 [0.86, 1.08] 0.521
Attitude towards Corporal Punishment -0.29 0.12 [-0.53, -0.06] 0.013
Child Behavior: Total -0.62 0.33 [-1.27,0.03] 0.061
Child Behavior: Internalizing behavior -0.58 0.20 [-0.97, -0.20] 0.003
Child Behavior: Externalizing behavior -0.04 0.22 [-0.47, 0.41] 0.875
Child Behavior: Emotional problem -0.42 0.13 [-0.67, -0.17] <0.001
Child Behavior: Conduct problem -0.15 0.12 [-0.40, 0.09] 0.209
Child Behavior: Hyperactivity 0.13 0.17 [-0.21, 0.47] 0.464
Child Behavior: Peer problem -0.17 0.14 [-0.43, 0.10] 0.209
Child Behavior: Prosocial behavior -0.27 0.16 [-0.58, 0.04] 0.093
Parenting Practices: Total 2.01 0.69 [0.65, 3.37] 0.004
Parenting Practices: Positive parenting 0.99 0.34 [0.33, 1.66] 0.004
Parenting Practices: Parental involvement 1.02 0.45 [0.15, 1.90] 0.022
Parental Mental Health: Total -1.04 0.44 [-1.90, -0.18] 0.018
Parental Mental Health: Depression -0.11 0.27 [-0.65, 0.42] 0.683
Parental Mental Health: Anxiety -0.92 0.24 [-1.39, -0.46] <0.001
Parenting Stress -1.19 0.64 [-2.44, 0.06] 0.063
Family Functioning 0.64 0.23 [0.18, 1.09] 0.007

Note. IRR=incidence rate ratio; SE =standard error; Cl=confidence interval.

https://doi.org/10.1371/journal.pdig.0001357.t001

Disability analysis

Moderation analyses based on disability status revealed that the intervention had comparatively weaker effects on improv-
ing family functioning in families where the caregiver had a disability (3=-1.28, SE=0.64, 95%CI [-2.54, -0.02], p=0.047).
No evidence was found that the effectiveness of the intervention differed by caregiver or child disability status across other
outcomes (Tables 10a and 10b in S1 Text). However, subgroup analyses showed that, post-intervention, caregivers with
disabilities appeared less likely to perpetrate total and physical violence or support corporal punishment compared to the
control. Similarly, children with disabilities appeared less likely to experience caregiver-perpetrated physical violence and
more likely to receive positive parenting.

Follow-up analysis in the intervention group

All comparisons are made with reference to the baseline (T0). Compared to baseline, early learning and stimulation
increased substantially at 6-month follow-up (3=6.70, SE=0.56, 95%CI [5.60, 7.80], p<0.001) and 12-month follow-up
(B=2.37, SE=0.62, 95%CI [1.14, 3.59], p<0.001) (Fig 3; Table 11 in S1 Text). Total caregiver-perpetrated violence
decreased significantly at 6-month follow-up (IRR=0.38, SE=0.05, 95%CI [0.34, 0.42], p<0.001) and 12-month follow-up
(IRR=0.34, SE=0.06, 95%CI [0.30, 0.38], p<0.001), with similar patterns observed for both caregiver-perpetrated physi-
cal and emotional violence.

An attrition analysis was conducted to compare participants who completed the 12-month follow-up (T3) with
those who did not. There were no statistically significant differences in baseline primary outcomes between
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Fig 3. Longitudinal changes in early learning and stimulation and caregiver-perpetrated violence across four timepoints. Note. Each time point
is accompanied by a vertical density plot. Mean values and their standard deviations are shown with points, lines, and error bars slightly offset toward
the density center to enhance alignment and visual coherence.

https://doi.org/10.1371/journal.pdig.0001357.9g003

completers and non-completers, including Early Learning and Stimulation (p=0.063) and Caregiver-Perpetrated Vio-
lence (p=0.984). However, statistically significant differences were observed for certain demographic characteristics,
including child age, caregiver age, caregiver gender, and employment status (Table 12 in S1 Text). These findings
suggest that follow-up participation may be associated with specific demographic factors, which are further consid-
ered in the Discussion.

Improvements were also observed in secondary outcomes, including child behavioral difficulties, particularly
internalizing symptoms and emotional problems. Parenting practices, especially parental involvement, improved
over time (Table 11 in S1 Text). Reductions in parental mental health symptoms were most evident at the 6-month
follow-up. Changes in attitudes toward corporal punishment, parenting stress, and family functioning were mixed.
Some gains attenuated over time, with support for corporal punishment and parenting stress showing potential
increases at follow-ups.

Predictors of engagement and causal effect among compliers

Of the 272 participants, 173 (63.6%) completed at least 30 modules and were classified as compliers as previously
defined.

Analysis for baseline predictors of compliance found that higher levels of parenting stress (OR=0.94, 95%CI [0.90,
0.98], p=0.001) and better family functioning (OR=0.90, 95%CI [0.81, 0.99], p=0.040) were associated with lower odds
of compliance. Caregivers of girls were more likely to be compliers than caregivers of boys (OR=2.09, 95%CI [1.24,
3.57], p=0.006). Greater prosocial behavior in children (OR=1.16, 95%CI [1.02, 1.32], p=0.023), higher levels of positive
parenting practices (OR=1.04, 95%CI [1.01, 1.08], p=0.017), and greater parental involvement (OR=1.07, 95%CI [1.01,
1.12], p=0.016) were also positively associated with compliance (Table 13 in S1 Text).

CACE analysis revealed that, compared to the overall intention-to-treat effect, significant differences were observed
in reduced endorsement of corporal punishment (3=-0.45, 95%CI [-0.78, —0.11], p=0.011) and lower levels of anxiety
(B=-0.92, 95%CI [-1.8, -0.05], p=0.040). No differences were detected for other outcomes (Table 14 in S1 Text).

Finally, we observed considerable variation in compliance rates across clusters, ranging from 28.6% to 100% (Table 15
in S1 Text), suggesting potential contextual or implementation-related influences.
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Discussion

To our knowledge, this is the first pragmatic cluster RCT—conducted under real-world conditions within the preschool
system and using broad inclusion criteria—to evaluate a universal digital-human parenting intervention for promoting child
development and protection, and to assess the sustainability of impacts at 6- and 12-month follow-ups in an LMIC. It is
also the first to examine disability-related equity.

At immediate post-intervention, the intervention significantly increased early learning and stimulation and reduced
caregiver-perpetrated violence, particularly physical violence. Positive effects were also seen on reducing attitudes sup-
portive of corporal punishment. These findings align with systematic reviews of non-digital selective and indicated parent-
ing interventions that were shown to improve parent-child interaction and reduce maltreatment in children aged 0-10 [10].
Unlike those reviews, we found no effect on caregiver-perpetrated emotional violence. However, both groups decreased
substantially from baseline to post-test, suggesting that broader contextual or measurement factors, such as spillover
effects or heightened awareness from participation in the preschool setting, may have influenced reductions beyond the
intervention itself.

The intervention significantly reduced child internalizing behaviors, especially emotional problems, consistent with evi-
dence from in-person parenting programs [10]. However, no effect was found on overall behavioral or externalizing prob-
lems in the short term, possibly because longer time is needed for positive parenting practices to translate into changes in
externalizing behaviors. Although this intervention has five chatbot modules targeting behavioral management, caregivers
noted in the qualitative interviews (manuscript in preparation) that they required more intensive support to consolidate
these skills. Another potential explanation is the “extinction burst”, where a previously reinforced behavior is no longer
rewarded, there can be a temporary increase in the intensity of that behavior before it eventually decreases, as indicated
in longitudinal data [29].

Compared to waitlist control, the intervention improved parenting behaviors and caregiver mental health, particularly
anxiety symptoms. These findings are consistent with research on selective and indicated digital parenting interventions
[14-20,23]. No effects on depressive symptoms were observed, possibly due to a floor effect with low baseline depressive
levels.

Literature shows mixed results on digital parenting interventions’ effects on parenting stress. Reviews of selective and
indicated interventions report reductions in stress [16,20], while those on universal interventions do not [23]. As a univer-
sal intervention, our findings align with the latter, detecting no significant between-group difference on parenting stress.
Based on our qualitative inquires, possible reasons include: first, parenting stress is affected by many external factors
(e.g., financial issues, co-parenting conflict) beyond the intervention’s scope; second, stress measured immediately post-
intervention may have temporary increases from applying new techniques, as the follow-up results did show consistent
decline of parenting stress; third, despite the remote human-led interactions, the intervention still had inadequate relational
buffering (e.g., peer support) to reduce stress; lastly, increased caregiver reflection on their own practices may heighten
awareness of perceived inadequacies, therefore masking actual improvements.

Our exploratory subgroup analyses revealed novel findings on disability inclusion. These findings indicate that core
parenting principles and skills—such as positive reinforcement, non-violent discipline, and responsive caregiving—may be
effective across disability contexts. The intervention’s disability-inclusive adaptations (e.g., inclusive language, framing,
and visuals) may have contributed to these outcomes. However, limited improvements in other areas (e.g., family function,
mental health, child behaviors) suggest the intervention was still insufficiently tailored to the unique and complex needs of
families affected by disability. As such, achieving greater impacts may require a twin-track approach: delivering universal
parenting support grounded in inclusive principles, alongside targeted interventions that respond to specific needs and
barriers faced by families of children and caregivers with disabilities [30].

Our engagement was notably high, with 60.3% of participants completing all chatbot modules. According to the qual-
itative interviews with stakeholders, this success was likely driven by the trusted delivery via preschool teachers; a
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child-centered token economy providing developmentally appropriate incentives to children as indirect motivation for care-
givers to stay engaged; and a digital platform featuring flexible navigation, self-paced content, and human-like illustrations
[31]. While digitalization and universal delivery aim for scalability, our findings reinforce that thorough needs assessment
and contextual adaptation to existing systems and local culture are key to sustaining engagement.

Our CACE analysis showed no differences between participants who complied with the intervention protocol (i.e.,
completed 30 or more modules) and non-compliers, except in parental endorsement of corporal punishment and anxiety.
Several factors may explain these findings. First, our engagement scores measured only completion of chatbot modules,
which constituted a portion of the overall intervention and does not capture engagement in the group interactions. Second,
high module completion rates within the chatbot may not be a reliable indication of direct engagement with parenting con-
tent. Some parents may have reflected passively going through modules to “tick the box” without internalizing or applying
the content, instead of meaningful cognitive processing. Stakeholder interviews revealed that high engagement may have
also been driven by frequent reminders from headteachers, who, as authority figures, may have created social pres-
sure or fostered peer comparison among caregivers, motivating faster completion to align with group norms or maintain
appearances. Third, caregivers with low chatbot use might have engaged more in other formats (e.g., group sessions),
which may have driven outcomes through different mechanisms of change. Fourth, standard engagement metrics like
module completion may miss qualitative aspects of engagement such as reflection, motivation, and emotional investment.
Improved engagement measures are needed to account for depth, intentionality, and diversity of participation across digi-
tal and human intervention components.

Interestingly, better baseline family functioning was associated with lower odds of compliance. One possible explana-
tion is that caregivers in more well-functioning families perceived less need for additional parenting support, leading to
lower engagement intensity. This pattern may reflect differential perceived need within universal intervention settings.

Importantly, the enrolment of 25.2% male participants, achieved without targeted recruitment strategies, suggests that
a digital delivery format might overcome common barriers to male engagement, such as logistical challenges and stigma.
This finding highlights the need for moderator and subgroup analyses to investigate potential gender-specific effects in
future research.

This study has several limitations. As outcomes relied on caregiver self-report, under-reporting due to social desirabil-
ity bias cannot be excluded, particularly for sensitive behaviors such as violent discipline. Moreover, although the study
included both attitudinal measures (e.g., endorsement of corporal punishment) and behavior-oriented measures (e.g.,
reported parenting practices and stimulation activities), these were based on self-report and therefore may reflect shifts
in awareness or perceived norms rather than fully objective changes in behavior. The absence of observational or multi-
informant assessments limits the ability to disentangle cognitive or attitudinal change from sustained behavioral change.
However, the use of more objective observational measures was not feasible due to cost and logistical constraints, which
is a common limitation in the wider literature.

Online human-led group engagement was not systematically tracked due to cultural factors, with participants potentially
present but not actively interacting. The single preschool setting limits generalizability. In addition, although the waitlist
control group began receiving the intervention after T1, extended follow-up of this group was not conducted due to prag-
matic constraints related to the preschool academic calendar and cohort transitions. As such, sustainability effects were
evaluated within the original intervention group only. Lastly, loss of control participants at follow-up, common in waitlist
designs, hindered long-term effect assessment. Also, at the 12-month follow-up, attrition was associated with certain
demographic characteristics. However, completers and non-completers were comparable in baseline primary outcome
levels. This reduces the likelihood that sustained effects were driven solely by baseline differences. Nevertheless, long-
term findings should be interpreted with consideration of the potential influence of selective retention.

This study’s strengths include a rigorous cluster RCT design with inactive control, pre-registered protocol, and blinded
data collection and analysis. It addressed key evidence gaps by directly measuring parenting behaviors related to early
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learning and stimulation and VAC, and assessing outcome sustainability at 6- and 12-month follow-ups. The equity-
focused approach, examining effects by disability status, offers novel insights into disability-inclusive universal parenting
interventions.

Future research should prioritize cost-effectiveness analyses and systematically document human-led components to
better quantify dosage and engagement. As cultural diversity shapes engagement, understanding cultural influences on
engagement is also crucial. Future research could examine the minimum level of exposure needed to achieve sustained
outcomes. More rigorous RCTs with extended follow-up periods, particularly in LMICs, are needed to strengthen evidence
for universal digital parenting programs. Cross-sectoral collaboration and use of existing data platforms may enhance the
monitoring of parental and child outcomes.

We underscore the importance of human-led components—whether online or offline—to enhance engagement and
optimize clinical outcomes. Also, booster sessions and behavior change techniques should be incorporated to foster
deeper, sustained impacts, as low-intensity or one-way interaction may be insufficient for modifying entrenched parenting
behaviors and deep-seated attitudes. Moreover, digital technology should be leveraged to enable a stepped-care delivery
model, combining broad public messaging to shift social norms with targeted support for high-risk groups through govern-
ment—civil society partnerships. Tailoring content for intergenerational caregiving and embedding interventions in routine
services with appropriate incentives can further enhance engagement and effectiveness in LMIC and oriental settings.

Early childhood development and protection is the most cost-effective equalizer to break cycles of intergenerational
cycles of psychopathology and violence victimization. It is vital to seize this critical window of opportunity for all children,
not only those deemed at risk, to build foundations for lifelong mental health and resilience. Our study shows that univer-
sal digital-human parenting interventions embedded in existing education systems can achieve high engagement-includ-
ing among male caregivers—and yield preventative outcomes for child development and mental health at least comparable
to those of selective or targeted interventions delivered digitally or in person. It supports the delivery of such interventions
to expand the reach, reduce costs, increase flexibility, improve outcomes, and promote equity, thereby producing mean-
ingful public mental health impact.
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