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Abstract

Background: Previousstudieshaveinvestigated the various effects of parenting on infant devel opmental outcomes. In particular,
parental stressand socia support have been found to significantly affect the growth of the newborn. Although many parentstoday
use mobile apps to obtain more support in parenting and perinatal care, few studies have examined how these apps could affect
infant development.

Objective:  This study aimed to examine the effectiveness of the Supportive Parenting App (SPA) in improving infant
developmental outcomes during the perinatal period.

Methods: This study adopted a 2-group parallel prospective longitudinal design and recruited 200 infants and their parents
(N=400 mothers and fathers). The parents were recruited at 24 weeks of gestation for a randomized controlled trial conducted
from February 2020 to July 2022. They were randomly allocated to either the intervention or control group. The infant outcome
measures included cognition, language, motor skills, and social-emotional development. Data were collected from the infants
when they were aged 2, 4, 6, 9, and 12 months. Linear and modified Poisson regressions were used to analyze the datato examine
between- and within-group changes.

Results. At 9 and 12 months post partum, the infants in the intervention group were found to have better communication and
language skills than those in the control group. An analysis of motor devel opment revealed that alarger proportion of the infants
in the control group fell under the at-risk category, where they scored approximately 2 SDs below the normative scores. The
control group infants scored higher on the problem solving domain at 6 months post partum. However, at 12 months postpartum,
the infants in the intervention group performed better on cognitive tasks than those in the control group. Despite not being
statistically significant, the intervention group infants were found to have consistently scored better on the social components of
the questionnaires than the control group infants.

Conclusions: Overall, the infants whose parents had received the SPA intervention tended to fare better in most devel opmental
outcome measures than those whose parents had received standard care only. The findings of this study suggest that the SPA
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intervention exerted positive effects on the communication, cognition, motor, and socioemotional development of the infants.
Further research is needed to improve the content and support provided by the intervention to maximize the benefits gained by
infants and their parents.

Trial Registration: Clinical Trials.gov NCT04706442; https.//clinicaltrials.gov/ct2/show/NCT04706442

(IMIR Mhealth Uhealth 2023;11:e43885) doi: 10.2196/43885
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Introduction

Background

The effects of parenting on infant development are a widely
investigated topic. Studies have found that parenting knowledge,
parental stress, and parental perceived support have significant
impacts on the growth of an infant [1-3]. For example, parents
knowledge of and participation in their child’s play contribute
significantly to the development of the child, as it helps boost
executive functioning, encourage prosocial behavior, and
enhance creativity [4]. Greater parenting stress and low levels
of perceived social support have also been found to be associated
with depression among mothers, which is correlated with
developmental delaysin infants[1].

The lack of social support has been linked to various parental
outcomes, such as postnatal depression [5], parental stress [6],
and anxiety [7]. Socia support is often regarded as a protective
factor for parents, especially during the perinatal period.
Receiving support from others often helps parents feel less
overwhelmed, aiding them with the transition to parenthood or
helping them cope with having to care for multiple children.
Some studies[8-10] conducted in Singapore found that parents
desire more informational and familial support. Specifically,
some parents perceived having a lack of knowledge of infant
care and wanted to have access to reliable information sources
[8]. With the rapid advancements in technology over the last 2
decades, parents today tend to look for information from
web-based sources or seek support from web-based parenting
communities, as these sources are extremely convenient and
accessible [10-12]. They are mostly aware that information
found on the web can be fabricated or exaggerated [12];
therefore, they tend to prefer gathering information directly
from health care professionals such as obstetricians and
neonatologists[8]. Thisisnot alwayspossible, especially during
the postnatal period, as parents no longer have regular
appointments with their obstetricians or gynecologists. As a
result, parentstry to obtain accurate information on the web by
visiting only reputable sites that disseminate information
provided by health care professionals or going to less
commercially based websites[13]. Even then, these sites might
not be consistent in the information they provide, especially
when the information is not contextualized and does not
incorporate cultural norms, and thismay cause confusion among
parents regarding what the right childcare practices are [14].
This justifies the need to create evidence-based programs
tailored to the present generation of tech-savvy parents to
improvetheir well-being and aid them in devel oping competent
childcare skills[15].

https://mhealthjmir.org/2023/1/e43885

Accordingto Milgromet a [5], it isrecommended to implement
programs to improve parental well-being during the perinatal
period, as social support plays a large role in mediating the
relationship between postnatal depression and child devel opment
during thistime. During the perinatal period, low levelsof socia
support such asinsufficient partner support [5], lack of reliable
information sources[16], and caring for anewborn without aid
from others[17] often induce much stress and negative moods
in parents. To fulfill the support needs of parents during the
perinatal period, a mobile health (mHealth) app known as the
Supportive Parenting App (SPA) was devel oped. The mHealth
SPA was devel oped as a one-stop resource center because past
studies have found technology-based interventions to be
effective in offering parenting education and support [18,19].
Such remoteinterventionswerefound to be hel pful specifically
for parentswho werefacing childcareissues but were not always
able to seek immediate advice from health care professionals
[18,19].

The SPA is a theory- and evidence-based psychoeducational
app developed using different theoretical frameworks, such as
Singh et d’s[20] mHealth user engagement pyramid, Bandura's
[21] socia cognitive theory, and Bowlby's [22] attachment
theory. Through SPA, parents were able to obtain information
on childcare and parenting-related topics to aid them in their
parenting journey. In addition, unique to SPA, a peer support
feature was included to provide parents with emotional support
from trained peer volunteers. Although various parenting
interventions have been developed and evaluated to improve
parental outcomes, a recent review by Adina et al [23] found
that few studies have explored how these interventions can
indirectly affect infant or child developmental outcomes. This
is unexpected, as the improvement of child developmental
outcomes is often cited as a reason for developing these
parenting programs [1,15]. Therefore, athough these
interventions are often directed at parents, it is important to
examine how the development of infants may be affected as a
conseguence.

Aims and Hypotheses

This study aimed to examine whether the SPA intervention had
any indirect effects on the developmental outcomes of the app
users infants from birth to 12 months of age. The direct effects
on parenting outcomes have been reported separately [24]. It
was hypothesized that infants in the intervention group would
exhibit better language, motor, cognitive, and social skillsthan
their counterparts in the control group.
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Methods

Study Design

A 2-group parallel prospective longitudinal design was adopted
for this study, which was conducted from February 2020 to July
2022. Expecting parents were recruited from 2 public health
care ingitutions in Singapore. The study was part of a
randomized controlled trial (RCT) investigating the effectiveness
of SPA in improving perinatal parental outcomes such as
postnatal depression and anxiety [24]. Along with their parents,
the infants in this study were randomly allocated to either the
SPA intervention group or standard care control group.

Eligibility Criteria

Parents were considered eligible for the study if they met the
following criteria: (1) both parents were aged >21 years; (2)
both parents were able to read and speak English; (3) the
pregnancy was at low risk with >24 weeks of gestation (age of
viability in Singapore); and (4) both parents owned asmartphone
with internet access. Parents were excluded from the study if
they had high-risk pregnancies (eg, pregnancy-induced
hypertension, preeclampsia, and placentapreviamajor). Infants
who were born via a complicated assisted delivery where the
mother required prolonged hospitalization and admitted to the
neonatal intensive care unit and infants with congenital issues
were excluded from the study to minimize confounding
influences on the outcome variables.

Sample Size Calculation

Asthisstudy was part of an RCT investigating the effectiveness
of the SPA intervention on parental outcomes, the parents
enrolled in the RCT and their infants were recruited for this
study. Considering the medium-sized effect of SPA, a Cohen
d of 0.5 (90% power and 0.05 significance), and an attrition rate
of 20% (based on another study) [25], 200 couples were
recruited for the main RCT. Two couples had twins; therefore,
202 infants were recruited for this study.

Intervention

The control group parents received the standard perinatal care
offered by the hospitals they were recruited from, which
consisted of antenatal checkups, optional antenatal classes, care
during their stay in the ward, and a postnatal review scheduled
6 weeks post partum. Perinatal care was provided to the parents
by obstetricians, nurses, neonatologists, and lactation
consultants. Theintervention group parentsreceived the standard
perinatal care as well, but they were also granted access to the
mHealth intervention SPA upon recruitment into the study. In
addition, they were matched with trained peer volunteers, who
were experienced mothers trained by the research team to
provide peer support for the parentsin the RCT.

SPA included avariety of pregnancy-, childbirth-, postpartum-,
and infant care—related information. Thisincluded articles, audio
files, and videos about birth preparation, bonding and attachment
across the perinatal period, breastfeeding, baby care—related
tasks (from bathing to safe sleep habits), and involvement of
both fathers and mothers in baby care tasks. The information
was curated by the health care professionals involved in the
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study so that parents could conveniently access reliable and
accurate information. Expert advice, discussion forums, and
frequently asked questionswere also features of the mobile app
that aimed to resolve any pregnancy- or childcare-related queries
that the parents might have. The parents were encouraged to
interact with the peer volunteer with whom they were matched
if they needed emotional or informational support from
experienced mothers who had previously had and recovered
from postnatal depression. Detailed features of the SPA mobile
app and peer volunteer intervention can be found in the
published development study [26]. The SPA intervention was
made availabl e to the intervention group parents from the point
of recruitment until 6 months post partum.

Procedure

Couples were recruited by a research assistant during their
scheduled antenatal checkupsat 2 tertiary hospitalsin Singapore.
They were provided with an explanation of the study, and
interested couples were screened for digibility before giving
them an informed consent form where they could indicate their
willingnessto participatein the study. Subsequently, the couples
were randomly alocated to the intervention or control group.
The estimated due date of the couples was recorded, and the
coupleswere then contacted shortly after their due date to gather
information regarding their childbirth (eg, gender of the baby
and whether they attended prenatal classes). The parents aso
entered this information into SPA so that the app could send
them information that is specific and relevant to the infant’s
age and respective postpartum time points.

The parents were contacted via SM S text messages to complete
thefollow-up questionnairesat 1, 2, 4, 6, 9, and 12 months post
partum. Mothers tended to be the ones who completed the
infant-related questionnaires. A house visit was also scheduled
at 6 and 12 months, during which atrained research assistant
visited the participants' homes to assess the infant using the
Bayley-4.

Outcome M easures

Conducting research with very young children involvesvarious
challenges regarding the accuracy of the data collected, as
infants are not verbal, and thus it is difficult to obtain
information directly from them. Therefore, the following
instruments were used to measure the constructs examined in
this study to provide an accurate representation of the infants
developmental progress.

Ages and Stages Questionnaire—Third Edition

The parent-reported Ages and Stages Questionnaire (ASQ) was
used to measure the development of the infants across 5
domains; personal-social, gross motor, fine motor, problem
solving, and communication [27]. There are 21 sets of ASQ,
each catering to adifferent developmental time point; these can
be used to assess infants or children aged 2 to 66 months.
Existing literature hasfound that Cronbach o for the ASQ ranges
from .49 to .87, depending on the domain and time point [28].
In this study, the ASQ sets were administered at 2, 4, 6, 9, and
12 months. Each set of ASQ consisted of 30 items, and the
parents were asked to select “yes’ (10 points), “ sometimes” (5
points), or “not yet” (0 points) to indicate whether their child
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had demonstrated the milestone described in that particular item.
Cutoff scores, which were 2 SDs below the normative mean,
were provided to indicate whether the infant’s development

Shorey et a

required further monitoring and assessment (Table 1). Cronbach
a for the ASQ setsadministered in this study are al so presented
in Table 1.

Table 1. Cronbach a and cutoff scores for the Ages and Stages Questionnaire.

2 months 4 months 6 months 9 months 12 months

Cronbach a 746 .883 .864 877 910
Cutoff scores?

Communication 22.77 34.60 29.65 13.97 15.64

Gross motor 41.84 3841 22.25 17.82 21.49

Fine motor 30.16 29.62 25.14 31.32 34.50

Problem solving 24.62 34.98 27.72 28.72 27.32

Personal-social 33.71 33.16 25.34 18.91 21.73

8Scores below the cutoff indicate that the child could be at risk of neurodevelopmental conditions, and further assessment with a professional might be

needed.

Bayley Scales of I nfant and Toddler
Development—Fourth Edition

The Bayley-4 consists of 5 scales: cognitive, language, motor,
social-emotional, and adaptive behavior (ADBE) [29]. The
assessment was administered by a research assistant involved
in the study and scored based on the research assistant’'s
observation of the infant’s performance in various tasks. The
Bayley-4 assessment was conducted at 6 and 12 months post
partum, and the number of items administered varied depending
on the infant’s performance. The Bayley-4 items were scored
ona3-point Likert scaleranging from 0 to 2. Pointswere added
to form atotal raw score, which could be converted into scaled
or standard scores. Cutoff scores were also provided, where
standard scores <85 were marked as“ at-risk” toindicate possible
developmental delay [30]. Prior studies[31,32] that administered
Bayley-111 assessments have reported Cronbach a ranging from
.8810.96 across all scales. Cronbach a of the newest Bayley-4
assessment has not been reported in the existing literature; in
this study, the average Cronbach a of the Bayley-4 was found
to be .61.

Brief Infant Toddler Social Emotional Assessment

The 42-item parent-reported Brief Infant Toddler Social
Emotional Assessment (BITSEA) was divided into 2 scales:
the problem scale (31 items) and the competence scale (11
items) [33]. The BITSEA itemswere scored on a3-point Likert
scaleranging from 0to 2. The scoresfor theitemsin each scale
were added to obtain the respective total score. Higher scores
on the problem scale indicated a higher frequency and range of
behavioral and emotional problems, whereas higher scores on
the competence scale indicated a higher level of socia
competence. For the competence scal e, the cutoff scorewas 11,
whereasfor the problem scale, the cutoff score was 13 for girls
and 12 for boys. The BITSEA was administered only during
the 12-month follow-up, as it is meant to be administered to
infants from 12 months onward. The Cronbach a for the
BITSEA was.71, similar to that in aprevious study [34], where
the Cronbach a for the problem and competence scales were
.82 and .72, respectively.

https://mhealthjmir.org/2023/1/e43885

Data Analysis

Data analyses were conducted using SPSS (version 27.0; IBM
Corp) [35], and statistical significance was set at P<.05.
Descriptive statistics are presented as mean (SD) for continuous
variables and as n (%) for categorical variables. Linear
regression was used to examine the association between
continuous outcome scores and the intervention adjusted for
baseline measures and other covariates. Each participant’s score
on the 3 instruments was subsequently categorized based on
the cutoff scores determined by the respective developers of
each instrument. Modified Poisson regression was used to
analyze the association between binary outcome scores and the
intervention adjusted for baseline measurements and other
covariates based on the cutoff scores for each instrument. This
was done to compare the proportion of infants in each group
who fell into the at-risk category for each domain. Established
correlations between the main outcomes and covariates based
on previous studies [36,37] were used to determine which
covariates were needed to be statistically corrected for.

Ethics Approval

Before the commencement of the study, ethics approval was
obtained from the National Heath Group Domain Specific
Review Board (NHG DSRB:2019/00875). The parents of the
infants involved in this study were provided with information
on the study and its procedures before they provided their
written consent. It was communicated to the parents that
participation was voluntary and that they had the right to
withdraw anytime without incurring any consequences.

Results

Overview

In total, 200 couples and their infants were recruited for this
study. However, owing to the attrition rate of 28.5% that was
reported in the main RCT [24], only 79% (158/200) of infants
were included in the anaysis (the remaining 42/200, 21%
parent-infant dyads dropped out of the study). The demographic
characteristics of the participants are presented in Table 2. The
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mean age of the parents was 31.4 (SD 4.93) years, and Malay male. Most (257/316, 81.3%) parents did not attend any prenatal
(115/316, 36.4%) and Chinese (125/316, 39.6%) werethemost  courses.

common ethnicities. Most (87/316, 55.1%) of the infants were
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Table 2. Demographic characteristics of the parents and their infants.

Shorey et a

Demographic characteristics Intervention group

Control group

Age of parents, mean (SD)
Mothers 29.9 (4.2)
Fathers 32.1(4.9)

Parent’s ethnicity (intervention: n=83; control: n=75), n (%)

Mothers 83 (100)
Chinese 31(37.3)
Malay 32(38.6)
Indian 14 (16.9)
Others 6(7.2)

Fathers 83 (100)
Chinese 35(42.2)
Malay 29(34.9)
Indian 14 (16.9)
Others 5 (6)

Sex of baby (intervention: n=86; control: n=72), n (%)

Male 44 (51.2)
Female 42 (48.8)
The educational level of parents (intervention: n=83; control: n=75), n (%)

Mothers 83 (100)
Primary school 0(9)
Secondary school 11 (13.3)
ITEb, polytechnic, or junior college 25(30.1)
University 47 (56.6)

Fathers 83 (100)
Primary school 0(0)
Secondary school 17 (20.5)
ITE, polytechnic, or junior college 27 (32.5)
University 39 (47)

Monthly household income (SGD $; intervention: n=164; control: n=147), n (%)°

<1000 (<US $761.88) 14 (8.5)

1000-3000 (US $761.88-$2285.64) 34(20.7)

3000-5000 (US $2285.64-$3809.39) 50 (30.5)

>5000 (>US $3809.39) 66 (40.2)
Attended prenatal courses (intervention: n=166; control: n=150), n (%)

Yes 33(19.9)

No 133 (80.1)

305 (4.2)
33.3(5.4)

75 (100)
28 (37.3)
27 (36)
9(12)
11 (14.7)
75 (100)
31(41.3)
27 (36)
10 (13.3)
7(9.3)

43 (59.7)
29 (40.3)

75 (100)
0(0)
4(5.3)
35 (46.7)
36 (48)
75 (100)
2(27)
7(9.3)
34 (45.3)
32 (42.7)

5(3.4)

40 (27.2)
47 (32.0)
55 (37.4)

26 (17.3)
124 (82.7)

@0nly 158 infants (86 in the intervention group and 72 in the control group) were included in the analysis because 42 parent-infant dyads dropped out

of the study by 6 months post partum.
B/ TE: Institute of Technical Education.
®Not all parents provided thisinformation.
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Communication

The mean and SD scores for the ASQ and Bayley-4 are
presented in Tables 3 and 4, respectively, aong with the
proportion of infantswho scored below the cutoff scores (labeled
as “at-risk”). Results from the generalized linear regression
model indicated that the infantsin the intervention group scored
significantly higher on the communication domain of the ASQ
at 6 (effect size=3.31, 95% CI 0.10-6.53; P=.04) and 9 (effect
size=6.14, 95% Cl 0.90-11.38; P=.02) months post partum.

Table 3. Ages and Stages Questionnaire scores based on domains.

Shorey et a

However, this difference was not significant after the Bonferroni
adjustment (at 4 months: P=.22; at 6 months: P=.11). The
Poisson regression results showed that the intervention group
infants were less likely to fall under the at-risk category, but
there were only a few at-risk cases (Table 3); therefore, the
estimation might not be reliable. Results from the linear (effect
size=9.304, 95% CI 5.58-13.13; P<.001) regression model of
the 12-month Bayley-4 assessment al so showed that the infants
from the intervention group tended to perform better than those
from the control group on the language scale.

2 months (n=158) 4 months (n=146)

6 months (n=143)

9 months (n=146) 12 months (n=140)

Intervention Control  Intervention Control  Intervention Control Intervention Control Intervention Control
(n=87) (n=71) (n=83) (n=63) (n=76) (n=67) (n=81) (n=65) (n=78) (n=62)
Communication
Values, 48.72(12.16) 48.68 53.35(7.83) 53.11 5047 (7.54) 4731 43.38(14.82) 37.71 48.03 46.11
mean (12.97) (8.69) (9.52) (13.56) (11.53) (13.09)
(SD)
Atris® 4 4.7 4(56) 1(2 127 0(0) 1(1.9 2(2.9) 2(42) 1(15) 2(4.4)
n (%)
Gross motor
Values, 52.38(11.50) 49.65 54.02(8.78)  50.41 4326 (11.82) 41.11 42,57 (16.10) 41.35 48.64 48.11
mean (10.76) (10.30) (14.90) (17.59) (13.60) (12.58)
(SD)
Atrisk, 11(12.8) 15 4(7.8) 5(135) 4(6.1) 5(9.6) 6(8.8) 5(104) 2(3) 2(4.4
n (%) (20.8)
Fine motor
Values, 47.56(10.28) 45.49 46.47 (14.36) 45.00 45.85(12.52) 4212 46.91 (13.74) 45.00 46.97 49.00
mean (10.08) (13.59) (15.91) (12.68) (13.21) (11.01)
(SD)
Atrisk, 10(11.6) 8(111) 6(11.8) 3(81) 5(7.6) 11(21.2) 12(17.6) 6(12.5) 10(15.2 4(8.9)
n (%)
Problem solving
Values, 43.08(15.93) 43.75 48.63 (12.77) 48.47 45.77 (12.75)  60.10 42.65(14.36) 41.28 40.23 40.22
mean (12.58) (11.52) (138.72) (212.75)  (15.60) (15.11)
(SD)
Atrisk, 11(12.8) 4(5.6) 8(15.7) 5(13.5) 7(10.6) 9(173) 9(132 9(18.8) 14(21.2) 12
n (%) (26.7)
Per sonal-social
Values, 48.60(10.62) 47.57 49.12 (10.43) 48.38 45.62 (11.84) 43.65 3757 (12.77) 34.26 38.38 37.33
mean (10.45) (11.49) (12.88) (1251) (15.74) (15.90)
(SD)
Atrisk, 7(8.1) 8(111) 4(7.8) 4(10.8) 5(7.6) 7135 344 4(83) 12(18.2) 9 (20)
n (%)

#The at-risk group refers to infants who scored below the cutoff scores stated in Table 1.
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Table4. Mean and SD of the Bayley-4 standard scores based on domains.

Shorey et a

6 months (n=109)

Intervention (n=59)

Control (n=50)

12 months (n=105)

Intervention (n=55)

Control (n=50)

Cognitive
Values, mean (SD) 100.76 (9.64) 95.12 (15.59) 98.09 (10.34) 89.52 (10.41)
At risk? n (%) 3.1 6 (12) 3(5.5) 10 (23.8)
Motor
Values, mean (SD) _b — 100.18 (10.36) 98.64 (10.76)
At risk, n (%) — — 5(9.1) 8(19)
Language
Values, mean (SD) — — 95.42 (7.87) 93.02 (6.91)
Atrisk, n (%) — — 4(7.3) 7(16.7)
Social-emotional
Values, mean (SD) — — 97.09 (20.68) 100.00 (18.35)
At risk, n (%) — — 15(27.3) 7(16.7)
Adaptive behavior
Values, mean (SD) 99.88 (9.20) 96.96 (9.43) 98.18 (8.71) 96.10 (8.57)
Atrisk, n (%) 3(5.1) 4(8) 3(5.5) 4(9.5)

#The at-risk group refers to infants with standard scores <85.
bDatanot available.

Figure 1A shows the changes in the ASQ scores in the
communication domain from 2 to 12 months post partum in
both groups. The infants from both groups showed similar
trends: there was an initia increase in communication scores
at 2 and 4 months post partum, and, subsequently, there was a
steep decrease in communication scoresfrom the 4- to 9-month
time points before they increased again at 12 months post
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partum. From 4 months onward, the infants in the intervention
group scored higher in the communication domain than those
in the control group. The largest difference was observed at 9
months post partum. Overall, the infants from the intervention
group demonstrated better communication skillsthan those from
the control group.
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Figure 1. Trend graphs for the changes in the Ages and Stages Questionnaire scores over time: (A) communication domain, assessing speech and
language; (B) gross motor domain, assessing ability to produce large movements; (C) fine motor domain, assessing smaller movements; (D) problem
solving domain, assessing cognitive and intellectua skills; (E) personal-social domain, assessing emotional and social skills.
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Motor Skills

The infants from the control group were significantly more
likely to score below the cutoff score of the ASQ gross motor
domain at 2 months post partum (risk ratio [RR]=0.417, 95%
Cl 0.20-0.85; P=.02). Although the infants from the intervention
group tended to score higher than those from the control group
in the gross motor domain (Table 3), this difference was not
significant (P=.71).

The intervention group infants were found to have better fine
motor skills than the control group infants at 6 months post
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partum, based on the results of the logistic regression model
analysis. The infants from the control group were more likely
to score below the cutoff score on the ASQ fine motor domain
than those from the intervention group (RR=0.25, 95% CI
0.08-0.76; P=.02). In addition, theinfantsfrom theintervention
group had significantly higher scores on the ASQ fine motor
domain than those from the control group (effect size=6.02,
95% CI 1.03-11.02; P=.02). However, there were no significant
differences between both groups in the Bayley-4 motor scale
scores at 12 months post partum (effect size=—4.91, 95% CI
-12.96 to 3.14; P=.23).
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Similar to the trend graph of the ASQ communication domain,
the ASQ gross motor graph showed that the intervention group
scored better than the control group on the gross motor items
(Figure 1B). The gross motor scores of both groups slightly
increased during thefirst 2 time points before sharply decreasing
at 6 months post partum. There was a steady increase in the
gross motor scores of both groups from 9 to 12 months post
partum, accompanied by adecreasing differencein gross motor
scores. Figure 1C shows the trend graph of the ASQ fine motor
scores. The fine motor scores of both groups of infants reduced
from 2 to 6 months post partum before gradualy increasing
again. At 12 months post partum, the infants from the control
group had higher scoresthan those from theintervention group,
but this difference was not significant (effect size=—0.98, 95%
Cl -5.87t0 3.91; P=.69).

Cognition

At 6 months post partum, the infants from the control group
had a higher chance of being in the at-risk group for the problem
solving domain of the ASQ than those from the intervention
group (RR=0.34, 95% CI 0.12-0.91; P=.03). However, thelinear
regression model did not find any significant differences in
problem solving scores between the 2 groups (effect
size=—16.88, 95% Cl -52.34 t0 18.59; P=.35). Theinfantsfrom
theintervention group fared significantly better than their control
group counterparts on the cognition scale of the Bayley-4
assessment (effect size=9.30, 95% CI 5.48-13.12; P<.001) at
12 months post partum.

According to Figure 1D, the infants from the control group
generaly scored higher in the problem solving domain than
those from the intervention group. There was a sharp increase
in the problem solving scores of the control group infants at the
6-month time point. Following this increase, an equally sharp
decrease in problem solving scores was found at 9 months post
partum, where the control group scores fell below those of the
intervention group.

Social-Emotional Skills

No significant group differenceswerefound in the scoresrel ated
to the social-emotional skillsof theinfantsacrossall time points
(at 2 months; P=.28; at 4 months: P=.61; at 6 months: P=.17,
at 9 months: P=.06; at 12 months: P=.57). Thiswastruefor the
personal-social domain of the ASQ, the social-emotional scale
of the Bayley-4 assessment, and the competence scale of the
BITSEA.

Figure 1E showsthe changesin the ASQ personal-social scores
of the infants from both groups. Scores on the personal-social
domain were relatively high during the 2- and 4-month time
points but decreased from 4 to 9 months post partum. The
personal-social scoresincreased subsequently at 12 months post
partum. Overall, the intervention group appeared to perform
better in terms of social-emotional skillsthan the control group.

Behavioral Outcomes

The ADBE scale of the Bayley-4 and the problem scale of the
BITSEA assessed the behavioral outcomes of the infants. The
BITSEA problem scae covered externaizing behaviors,
dysregulating behaviors, and maladaptive behaviors. Theinfants
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from the control group were found to have significantly higher
scores on the BITSEA problem scale than those from the
intervention group (effect size=—5.87, 95% Cl —10.44 to -1.70;
P=.006). As such, the control group infants tended to exhibit
more problem behaviors, as described in the BITSEA. By
contrast, the ADBE scale mainly focused on the infants’ ability
to engage in functional developmental tasks that are critical to
their survival. Thisincluded feeding oneself and communicating
basic needs. No significant group differences in the ADBE
scores were found at both 6 months (effect size=2.05, 95% ClI
—-2.74 10 6.84; P=.40) and 12 months (effect size=0.954, 95%
Cl —2.531t0 4.44; P=.59) post partum.

Analysisof Covariates

Parents attending prenatal courses was found to significantly
influence whether their infants ASQ scores on the
communication (RR=0.13, 95% CI 0.02-0.75; P=.01), gross
motor (RR=0.43, 95% CI 0.21-0.90; P=.03), and personal-socia
(RR=0.28, 95% CI 0.10-0.82; P=.02) domains fell below the
cutoff at 2 months post partum. The infants whose parents had
attended prenatal courses tended to score better in these
domains.

The education level of the parents was also a predictor of the
infants’ motor skills. The infants of parents with secondary
educational qualifications had a higher chance of being in the
at-risk group at 6 months post partum than those of parentswho
graduated from universities (RR=13.41, 95% CI 2.27-79.09;
P=.004). The generaized linear regression model for fine motor
skills at 6 months post partum also showed that the infants of
parents who received up to secondary-level education scored
significantly lower than those of parents who graduated from
universities (effect size=—13.55, 95% CI -24.95 to -2.15;
P=.02). Thus, theresults suggest that theinfants of parentswith
higher educational levelstended to have devel oped better motor
skills at 6 months post partum.

In this study, monthly household income was found to
significantly affect the cognition and motor skills of theinfants.
The infants from households with a monthly income between
SGD $3000 (US $2285.64) and SGD $5000 (US $3809.39)
were more likely to belong to the at-risk group of the cognition
domain of the Bayley-4 assessment than those from households
earning >SGD $5000 (US $3809.39) monthly (RR=14.79, 95%
Cl 4.96-44.15; P<.001). Those with higher monthly household
income also scored higher on the motor skills domain of the
Bayley-4 assessment at 12 months post partum. Those with
household income >SGD $5000 (US $3809.39) per month
scored significantly higher in the motor skills domain than those
with ahousehold income of SGD $3000 (US $2285.64) to SGD
$5000 (US $3809.39) per month (effect size=—10.65, 95% ClI
-15.42 to —5.89; P<.001) and those with a household income
<SGD $1000 (US $761.88) per month (effect size=—14.97, 95%
Cl -22.97 t0 -5.17; P=.002). The generalized linear regression
model also found similar results with the gross motor scale of
the ASQ (effect size=—9.91, 95% CI -15.76 to —4.06; P<.001).
Nonetheless, the modified Poisson regression model did not
find any significant differencesin the number of infants at risk
for delayed motor skill development based on their income
groups (P=.68).
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Discussion

Principal Findings

This study examined the effects of the SPA intervention on
infants' developmental outcomes during the first 12 months of
life. The infants in the intervention group mostly scored better
in domains assessing communication, cognition, and
social-emotiona development. More infants from the control
group fell under the at-risk category for motor skills than those
from the intervention group. Findings from the main RCT
reported ahigh attrition rate of 28.5% [24]. The outbreak of the
COVID-19 pandemicin early February 2020 may have affected
the parents’ and infants' participation in the study, especially
for the home visits. Hence, this led to a smaller-than-expected
sample size, which likely affected the statistical power of the
study. In general, athough the infants from the intervention
group tended to exhibit better developmental outcomes than
those from the control group, these differences were modest.
Therefore, the results of this study are not completely in line
with the hypothesis.

Communication

From 2 to 12 months post partum, the infants from the
intervention group were found to exhibit better communication
skills than their control group counterparts. According to
Bortfeld and Gabouer [38], early infant communication lays
the groundwork for language. Previous studies [38,39] have
emphasized that communication development often begins in
the womb, where the fetus receives auditory inputs that enable
them to start learning how to distinguish sounds. The SPA
knowledge base included content encouraging the intervention
group parentsto communicate with their newborn and suggested
ways to enhance parent-child interactions, even during
pregnancy. For example, expecting parents can respond to the
kicks made by the fetus during late pregnancy to communicate
with them. With newborns, parents can play soothing music or
read stories aloud to them to facilitate better communication
and language devel opment. According to the SPA traffic data,
many parentsin theintervention group accessed these materials
in the mobile app and thus communicated with their infants
more effectively, boosting their communication devel opment.
The decrease in communication scores from 4 to 9 monthsin
both groups was unsurprising, as normative scores on the ASQ
vary across ages and domains. For communication, the
normative scores were approximately 42.5 at 4 months, 34 at
6 months, and only 30 at 9 months. Therefore, the reduction in
mean communi cation scores during this period does not indicate
that theinfants' communication abilitiesdid not progress during
this period. They mostly performed well above the normative
SCOres.

On the basis of the trend graphs, the difference in the
communication scores between the 2 groups increased over
time. Topping et al [40] explained that parent interaction during
theinfant’s preliteracy devel opment wasimportant in enhancing
the child’'s future language abilities. Parenting intervention
programs have been found to have a positive impact on
children's language development. It is possible that the
intervention group parents acted upon the things that they had
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read about, such as child play and infant milestones, which
enabled them to interact more with their newborns. This, in
turn, would have enhanced their child’'s future language
development. Therefore, the implementation of the SPA
intervention might have led to the widening difference in
communication scores between the 2 groups from 6 months
onward. Future research could investigate in greater detail the
relationship between the materials that parents read and what
they put into practice.

Motor Skills

Similar to the communication trend graphs, the fluctuationsin
gross and fine motor skills indicated by the ASQ scores can be
attributed to the differences in normative scores. Overall, the
motor skills of the intervention group infants developed to a
greater extent than those of the control group infants. This might
have been because the parents in the intervention group had
read the guide on how they could engage in play with their
children on SPA. The guideincluded sometoy recommendations
that can help improve the motor skills of infants by allowing
them to practice movements such as grasping and head turning.
Semistructured interviewswith some of the parents[10] reveaed
that the parents enjoyed having access to SPA, as it included
various localized information that applied to them, which was
unique because other parenting apps were more general. The
parents could also anticipate and encourage the growth of their
infants, as they read about developmental milestones.
Consequently, the infants from the intervention group were
exposed to more opportunities to practice and develop their
motor skills. Descriptions of developmental milestones were
also provided to educate parents on the motor skills that their
children should achieve at each stage of development. However,
the results suggest that the positive effects of the SPA
intervention on the infants' motor skills did not persist beyond
6 months post partum. As the SPA intervention only lasted up
to 6 months post partum, information related to infant motor
skill development beyond 6 months was rather scarce. The
achievement of various motor-related milestones often
drastically changes the subsequent behaviors of infants; thus,
the toys or games used to engage them during earlier months
might be lessrelevant in facilitating more advanced motor skill
development [2]. Further research is needed to determine
whether more age-appropriate information on motor skill
development would help improve the motor skills of infants
aged >6 months.

Cognition

Results from the problem solving domain of the ASQ revealed
that the control group infants generally fared better than the
intervention group infants during the first 6 months of their
lives. However, the results of the 12-month Bayley-4 assessment
revealed that the intervention group infants did better on the
cognition scale than the control group infants. This finding is
contrary to the hypothesis of this study, which proposed that
theintervention group infantswould perform better on cognition
tasks than the control group infants. A reason for this might be
that SPA did not include much content on enhancing the
cognition and problem-solving skills of infants. Most of the
parenting information available was related to childcare tasks
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such as feeding and swaddling or was related to parent-child
communication and motor skills. As reported in a published
qualitative paper [10] regarding the perspectives of the parents
in the study, the control group parents described how they took
theinitiative to explore web-based resources and installed other
parenting mobile apps to obtain more parenting-related
information than what the standard care offered [10]. Some
mobile apps used by the control group parents might have
included information on how to build on the cognitive
development of the infants during the first few months post
partum. Therefore, more research is needed to obtain greater
insight into the parenting resources used by Singaporean parents
and how they influence infant development. More importantly,
health care providers devel oping educational programs such as
SPA should consider including content focusing on the holistic
development of infants and children.

Social-Emotional Skills

Although there were no statistically significant group differences
in the personal-socia domain of the ASQ and social-emotional
scale of the Bayley-4 assessment, the intervention group
generally demonstrated greater social-emotiona development.
Thislack of significance could be attributed to the fact that SPA
did not include much information regarding the devel opment
of socid-emotional skills in infants. However, the
encouragement provided to parentsto engagein age-appropriate
parent-child play and increase parent-child interactions might
have contributed to the dlightly higher social-emotional and
personal-social scores [38]. As mentioned, the COVID-19
pandemic hit Singapore in early 2020, immediately after the
study began. During this period, various restrictions were set
in place to minimize social interactions to prevent the spread
of the virus [41]. This included the closure of infant care and
prohibition of social gatherings. Hence, there were fewer
opportunitiesfor infantsto engagein social situationswith other
infants and foster peer relationships. Existing literature has
found that playing with peersisanimportant activity that allows
for better development of prosocial behaviors and the formation
of relationships with others [42]. The lack of such interactions
owing to the pandemic might have further undermined the
significance of the group difference in socia-emotional
development.

Behavioral Outcomes

The infants from the intervention group were found to engage
in more ADBEsthan those from the control group. Onthe basis
of the parents' responses to the BITSEA, the control group
infants exhibited more problem behaviors as well. Maternal
responsivity and sensitivity to infant distress are important
factors in predicting ADBE in infants. Higher materna
responsivity isassociated with greater emotional regulation and
fewer behavioral issues [43]. Lorber et a [44] aso found that
well-known predictors of externalizing behavior include daily
parenting hassles, authoritarian parenting, and poor parent-child
bonding. The parents who received the SPA intervention were
more educated on how to interact and bond with their newborns,
which possibly led to improved parent-child bonding. They
were also provided with support from the peer volunteers, which
helped reassure them and provide them with an avenue to
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discuss parenting-related worries [10]. Ultimately, the parents
intheintervention group received moreinformational, appraisal,
and emotional support than those in the control group [10,26].
This helped them better adjust to the newborn care tasks that
they had to take on after childbirth. Therefore, this study
suggests that the SPA intervention was effective in facilitating
the development of ADBESin infants.

Prenatal Courses, Education, and Household | ncome

This study found that prenatal classes had a positive impact on
communication, gross motor, and personal-social scores at 2
months post partum. Prior research [45] has found that prenatal
education courses can help reduce anxiety during pregnancy,
which can help improve prenatal bonding. This is especialy
true for first-time parents, who experience greater fear of
childbirth and parenting self-efficacy [46]. Improved maternal
well-being would then facilitate better infant outcomes, such
as fewer maladaptive tendencies and greater levels of social
competence [47]. However, most of the parents in this study
did not attend prenatal classes. During interviews, the parents
revealed that they were unable to attend these classes, as they
were canceled because of the COVID-19 pandemic [10]. This
left many new parents unprepared for the transition to
parenthood, causing them to feel stressed and clueless. The
implementation of social distancing restrictions also amplified
this problem, as parents were unable to seek instrumental
support from their family members or nannies [10]. Therefore,
itiscrucia for maternal careinstitutionsto prepare and provide
parentswith sufficient support, especially through remote means
at times when the availability of support is affected. This study
was unable to examine how the devel opment of children of new
parents and that of children of experienced parents differed, as
information regarding whether the parents were new or
experienced was not collected in the main RCT. Therefore, it
iscrucial for future research to gather thisinformation to further
examine how the intervention impacts the differing needs of
these parents.

Theinfants from families with higher household incomes were
found to have more developed cognition. Thisis supported by
previous literature, where it was found that children from
families with low socioeconomic status (SES) had lower
cognitive flexibility [48]. It was explained that the consequences
of living with low SES are less favorable for children’'s
development. This includes greater exposure to stress, which
affects children’s performance on cognitive tasks, and reduces
maternal sensitivity and verbal stimulation [48]. Unsafe living
conditions and stressors associated with low SES may also result
in more negative or authoritarian parenting, which can affect
cognitive outcomes.

Both higher parental education and higher monthly household
incomewere significantly associated with stronger motor skills.
Freitas et al [49] evaluated the relationship between SES and
the availability of resources to promote motor development in
infants. Thisstudy found that SESisacrucia factor influencing
the availability of motor affordances at home. Educational level
was also found to significantly affect the provision of toys to
infants [49]. Parental education often affects the SES of the
family, as higher education levels tend to open up job
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opportunities that offer higher income. Having more income
would then lead to the purchase of more play materials or even
the ownership of a larger home that provides more physical
space for motor development [49,50]. As aresult, infants from
low-SES families and infants of parents with lower education
levels tend to develop motor skills more slowly. Hence,
researchers, health care providers, and policy makers may focus
their efforts on developing interventions focusing on family
factorsthat contribute to infant devel opmental outcomes across
SES.

Strengths and Limitations

Given that social support has been proven to improve parental
well-being and, in turn, promoteinfant growth in various areas,
the SPA intervention was developed. The intervention aimed
to meet the support needs of Singaporean parents during the
perinatal period, thus hel ping them adjust to parenting rolesand
infant-care tasks. This study found that technology-based
parenting interventions such as SPA can lead to benefits beyond
enhancing parental well-being. The findings of this study are
crucia for the future development of not only mobile apps for
parentsin Singapore but also thosefor parentsin other countries.
Providing parenting education and emotional support can
indirectly improve infant developmental outcomes. However,
it is important to recognize and consider the cultural beliefs,
practices, and support needs of parents from other countries.
This would allow app developers to provide a knowledge base
and appraisa support that would be respectful of and helpful
in meeting their individualized needs.

Another strength of this study isthat it used questionnaires that
were completed by both parents and trained personnel.
Parent-completed measures are advantageous in that parents
spend the most time with their infants and are the most
knowledgeable about them. However, existing literature [51]
has also pointed out that there are biases associated with
parent-reported questionnaires. Generally, parents are not trained
in evaluating the devel opment of infants, which can make them
susceptible to overestimating or underestimating their child's
abilitiesand thusrender their responses|essreliable. By contrast,
although the Bayley-4 was administered by atrained research
assistant and can, therefore, provide amore objective assessment
of the infant’s growth, infants tend to behave differently with
unfamiliar individuals[51]. Assuch, Miller et a [51] expressed
that a fuller picture of the infant's development could be
obtained if both types of assessments were used.

Thisstudy has somelimitations. One of itslimitationsisitshigh
attrition rate. Because of the COVID-19 pandemic, parentswere
more cautious of physical interactions, as they did not want
themselves, their infants, or other family members to contract
the virus. Therefore, many parents declined home visits for the
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Bayley-4 assessment. This may have affected the accuracy of
the findings in representing the sample recruited for this study.
Moreover, the longitudinal nature of the study might have also
contributed to the high attrition rate. Parents tend to become
busier post partum owing to the need for them to adjust to
parenting responsibilities; in the case of this study, the need to
take extra precautions to prevent contracting the COVID-19
virus added to these responsibilities. Therefore, it is paramount
to devise strategies to keep parents interested in and willing to
participate in the study. For example, research team members
can frequently contact parents to build stronger rapport and
remind them to access SPA if they have parenting-related
concerns. Although the research team originally intended to do
50, sometechnical issues|ed to the absence of chat notifications,
affecting the communication between the team and parents.
Furthermore, many of the research team members were also
frontline health care workers; therefore, they were unable to
meet often and resolve these issuesin atimely manner.

Another limitation of this study is the lack of information
regarding whether the parents were experienced or new. This
is an important limitation, as the struggles and support needs
that new and experienced parents encounter may differ widely.
Hence, future studies should take note to collect such
information from parents to provide deeper perspectives
regarding the effectiveness of parenting interventions in new
and experienced mothers and fathers. Subsequent research may
also investigate parental sensitivity and responsivity to provide
further insight into how they may affect infant behaviora
outcomes.

Conclusions

This study examined the effects of the SPA intervention on
infant developmental outcomes. The results showed that the
infants from the intervention group generally developed better
in terms of communication, motor skills, cognition, and
social-emotional skills than those from the control group. The
peer support and informational support that the SPA intervention
offered to the intervention group parents were thus helpful in
indirectly influencing the devel opment of infants. Moreresearch
isneeded to obtain an in-depth understanding of what functions
of the intervention influenced the infant outcomes and what
information the current generation of parents hopes to see in
parenting mobile apps. This would facilitate the creation of
more effective mHealth app—based support for parents. In the
future, interventions targeting infant growth and devel opment
should be created to measure the direct effects of educational
interventions. In addition, future parenting interventions should
focus on providing more support to familieswith lower SES to
help promote the development of infants and support parents
from these families.
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