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Abstract

Background: Parents experience many challenges during the perinatal period. Mobile app—based interventions and chatbots
show promise in delivering health care support for parents during the perinatal period.

Objective: Thisdescriptive qualitative process eval uation study aimsto explorethe perinatal experiences of parentsin Singapore,
aswell as examine the user experiences of the mobile app—based intervention with an in-built chatbot titled Parentbot—a Digital
Healthcare Assistant (PDA).

Methods: A total of 20 heterosexual English-speaking parents were recruited via purposive sampling from a single tertiary
hospital in Singapore. The parents (control group: 10/20, 50%; intervention group: 10/20, 50%) were also part of an ongoing
randomized trial between November 2022 and August 2023 that aimed to evaluate the effectiveness of the PDA in improving
parenting outcomes. Semistructured one-to-one interviews were conducted via Zoom from February to June 2023. All interviews
were conducted in English, audio recorded, and transcribed verbatim. Dataanalysis was guided by the thematic analysisframework.
The COREQ (Consolidated Criteria for Reporting Qualitative Research) checklist was used to guide the reporting of data.

Results: Three themeswith 10 subthemes describing parents’ perceptions of their parenting journeys and their experiences with
the PDA were identified. The main themes were (1) new babies, new troubles, and new wonders; (2) support system for the
parents; and (3) reshaping perinatal support for future parents.

Conclusions: Overall, the PDA provided parents with informational, socioemotional, and psychological support and could be
used to supplement the perinatal care provided for future parents. To optimize users’ experience with the PDA, the intervention
could be equipped with a more sophisticated chatbot, equipped with more gamification features, and programmed to deliver
personalized care to parents. Researchers and health care providers could also strive to promote more peer-to-peer interactions
among users. The provision of continuous, holistic, and family-centered care by health care professional s could also be emphasized.
Moreover, policy changes regarding maternity and paternity leaves, availability of infant care centers, and flexible work
arrangements could be further explored to promote healthy work-family balance for parents.
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Introduction

Background

Many parentsfeel stressed during the perinatal period (duration
from conception to 1 year postpartum), putting them at risk for
developing psychological problems such as perinatal anxiety
and depression [1,2]. Studies have reported that approximately
between 26% and 15% of mothers [3,4] and 8% to 14% and
11% of fathers[5,6] experience perinatal depression and anxiety,
respectively. Moreover, a previous study conducted in Taiwan
reported an increasing trend of stress, anxiety, and depression
levels among women from around 24 gestational weeks to 1
month post partum, indicating that parents would benefit from
more support during this crucia transition to the parenting
period [7]. Moreover, the signs of postpartum depression and
anxiety tend to be evident within 1 to 3 months after childbirth
[4,8-10]. Poor mental health among parents can cause adverse
effects on their child’s physical, social, emotional, cognitive,
and psychological development [11-14]. These effects are not
only evident during infancy but aso in their childhood and
adolescent years[11,15,16]. In Singapore, approximately 40%
of mothers have reported experiencing perinatal depressive
symptoms [17], and fathers have also expressed feelings of
distress [18]. In addition, parents in Singapore have found it
especially difficult and stressful to adjust to life with their new
babies within the first month post partum [19]. Moreover, a
recent study reported that Singaporean fathers are negatively
affected by their partners’ poor mental health during the first 3
months post partum [20]. Given that parents in Singapore are
at risk for mental health problems, there is an increased need
to understand parents’ experiences with perinatal care and
provide them with needed support.

As mobile health apps can provide health care support swiftly
and opportunely to many individuals concurrently [21-23], the
World Health Organization has promoted their development
and use to encourage self-care [24]. Since the functions of
mobile apps can be tailored to meet users specific needs,
researchers have developed mobile apps to help individuals
with various medical conditions such as cancer, depression,
anxiety, and hypertension [25-27]. A recent review also found
that specially developed perinatal mobile apps were promising
in providing informational, social, and mental health support
to parents during the perinatal period [28]. Considering that
most of Singapore’s population are smartphone users [29],
conducting a mobile app-based intervention for parents in
Singaporeisviable.

Previous mobile app—based interventions provided parentswith
multimedia educational resources and discussion forums to
connect with peersand health care professionals[30-32]. Parents
appreciated the convenient and trustworthy information about
perinatal care provided by these mobile app—based interventions
[19,33,34]. In addition, they valued receiving helpful parenting
tipsfrom peersand having their queriesanswered by loca health
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care professionals [19,33,34]. However, parents wanted faster
answers to their queries [33,34], and some suggested using
chatbots in future mobile apps [19].

Chatbots are digital programs that communicate with humans
using voice, text, or animation and can provide instant support
to individualsin real time [35]. They have been reported to be
capable of providing parents with valuable educational,
socioemotional, and mental health support during the perinatal
period [36]. The anonymous and nonjudgmental nature of
chatbots could aso help to connect with individuals who may
be hesitant to interact with their peers or health care
professionals, even via a digital anonymous platform [37].
Therefore, a mobile app—based intervention with an in-built
chatbot titled Parentbot—a Digital Healthcare Assistant (PDA)
was developed and implemented to provide more efficient
perinatal support to parents[38]. The PDA isamulticomponent
mobile app-based intervention that provides parents with
informational, psychological, and social support during
pregnancy (>24 weeks of gestation) till the first month post
partum. The quantitative evaluation of the PDA’s effectiveness
on parenting outcomesincluding parenting self-efficacy, stress,
anxiety, depression, and social support has been conducted and
reported under the trial outcomes (article under review), and
this study aimed to present the in-depth exploration of parental
views about the intervention via process evaluation. A process
evaluation would allow the thorough examination of the various
aspects of intervention delivery and receipt as well as the
mechanisms through which the intervention can bring about
change and identify the barriers and facilitators that affected
intervention delivery and experience [39]. A qualitative
approach was sel ected to better collect descriptive insights about
the parents experiences and allow subsequent intervention
methods to be tailored to the parents’ specific needs [40,41].
Aims

This study aimed to explorethe perinatal experiences of parents
and examine the user experiences of the PDA over the same
period (from >24 gestational weeks, age of viability in Singapore
until 1 month post partum). The perinatal experiences of both
the control and intervention groups were included to compare
and differentiate their experiences to gain holistic insights
related to the PDA. The research questions are as follows: (1)
What are the perceptions of parents who received standard
perinatal care in Singapore? (2) What are the experiences of
parents who received the PDA in addition to standard perinatal
carein Singapore?

Methods

Research Design

A descriptive qualitative study design was used to analyze and
interpret the data that closely captured the participants raw
experiences[42]. Thisstudy’sfindingswere reported according
to the COREQ (Consolidated Criteriafor Reporting Qualitative
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Research) checklist [43]. This study took place in a tertiary
hospital in Singapore from November 2022 to August 2023.
The study was part of arandomized controlled trial (RCT) that
investigated the effectiveness of the PDA on 7 perinatal
parenting outcomes: parenting self-efficacy, stress, anxiety,
depression, social support, parent-child bonding, and parenting
satisfaction (article under review). The PDA is a
multicomponent mobile app—based intervention that provides
both first-time and experienced parents (mothers and fathers)
with educational and psychosocial support from >24 gestational
weeks (age of viability in Singapore) until 1 month post partum.
It includes multimedia educational resources, a rule-based
chatbot, a discussion forum, expert advice, and gamification
features such as digital badges. Most of the content in the PDA
isrelevant for both first-time and experienced parents. However,
some resources specifically catered to experienced parents (eg,
managing sibling rivalry and engaging older children to care
for the newborn sibling). More details of the PDA can be found
in the published development paper by Chuaet al [38].

Participants

A total of 118 heterosexual couples were recruited from a
tertiary public hospital offering maternity care to the central
region of Singapore in the main RCT. The hospital has >1200
beds with >50 clinical speciaties. After obtaining written
informed consent, couples were randomly assigned to the
intervention or control group. Couples in the control group
received standard perinatal care provided by the hospital in the
form of hospital visits and appointments with their respective
obstetricians. By contrast, couples in the intervention group
received access to the PDA from the point of study recruitment
(>24 weeks of gestation) until 1 month post partum, in addition
to the standard perinatal care provided by the hospital. Datafor
the main RCT were collected at baseline (at the time of
recruitment and consent taking) and at thefirst- and third-month
postpartum period. Immediately after the PDA intervention at
1 month post partum, fathers or mothers from different couples
were invited from both the intervention and control groups to
explore their experiences with the PDA and standard perinatal
care received. Parents were interviewed one-on-one without
their partners to elicit more honest responses from them [44],
and fathers and mothersfrom different coupleswereinterviewed
to obtain more variation in their perinatal experiences.

The dligibility criteria for parents to be included in the
qualitative study wereif they (1) were aged =21 years, (2) were
able to read and speak English, (3) gave birth to a newborn
without serious medical complications (eg, congenital anomalies
or genetic disorders), (4) stayed in Singapore for the 3 months
after childbirth, and had varied mean parenting self-efficacy
scores as measured by the 10-item Parenting Efficacy Scale
(PES) at baseline (>24 gestational weeks) [45]. Items of the
PES were rated on a 4-point Likert scale ranging from 1 to 4,
with higher total scores indicating a higher level of perceived
parenting self-efficacy [45]. An example of an item is “How
good do you feel you are at feeding your baby?’ [45]. A high
internal consistency with a Cronbach a of 0.91 was reported
for the PES at the basdline time point among all parentsrecruited
inthemain RCT. A purposive sample of 20 parentswith varied
PES scores (mothers: n=10, 50%; fathers: n=10, 50%)
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participated in this study. Data saturation was achieved at the
18th participant when no new findings emerged [46], and 2
additional interviews were conducted to confirm the findings.

Data Collection

Parents’ sociodemographic characteristicsand childbirth details
were collected using web-based surveys. A semistructured
interview guide was developed based on literature [19,33] and
the multidisciplinary study team’'s expertise (eg, nurses,
obstetricians, and midwives). To ensure the comparability of
data, parents from the intervention and control groups were
asked the same questions regarding their experience with
standard perinatal care. |n addition, parentsfrom theintervention
group were asked about their personal experience with using
the PDA, while parentsfrom the control group were asked about
their views regarding telehealth services for perinatal care.
Open-ended questions, which allowed parents to freely share
their viewswith little restrictions (eg, What were the challenges
faced during the perinatal period? What were your experiences
with using the PDA ?), guided the main structure of theinterview
[47,48], while follow-up and probing questions were asked to
allow researchers to dlicit clarity and further insights from
parents [49]. The one-on-one interviews were conducted via
the web-based Zoom platform (Zoom Video Communications;
as per participants’ preferences) at the end of the intervention
(ie, after 1 month post partum) and were audio recorded. All
interviews were conducted by the primary researcher (JY XC),
afemale, year-2 PhD nursing student who had been trained in
qualitative interviewing techniques by an experienced quditative
nurse researcher and midwife (SS). Field notes of the parents
nonverbal cueswere also documented after each interview. The
interviewer (JYXC), with a maternity care background, was
trained by the experienced qualitative researcher (SS) to
document information regarding parents’ tone of voice, facial
expressions, movements, hand gestures, and emotional
expressions during the interview. Data collection lasted over a
period of 5 months from February to June 2023. The average
duration of interviews was approximately 53 (SD 14) minutes
for the control group and 49 (SD 12) minutesfor theintervention
group. All the recordings weretranscribed verbatim by research
assistants and checked for accuracy by the primary researcher.

Data Analysis

Descriptive statistics (mean and SD for continuous variables
and frequency and percentage for categorical outcomes) were
used to summarize parents sociodemographic characteristics
and childbirth details. The 6-step qualitative thematic analysis
framework proposed by Braun and Clarke [50] guided the data
analysis process: (1) familiarizing oneself with the collected
data, (2) generating initial codes, (3) searching for themes, (4)
reviewing themes, (5) defining and naming themes, and (6)
producing the report [50]. All transcripts and field notes were
read numeroustimesto gain familiarity with the data set. Next,
amanual color-coding method was used to generate the initial
set of codes before organizing them into common themes. Codes
from the intervention and control groups were compared and
tallied to triangul ate the data. The initial coding process on all
the collected data was conducted by the primary researcher
(JY XC) independently, and frequent meetings were held with
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the research team to discuss the emerging themes. During team
meetings, discrepanciesin researchers’ judgmentswere resolved,
and the themes were confirmed to ensure that the analysis
process was credible.

Rigor

Rigor was maintained throughout the study by ensuring
credibility, dependability, transferability, and confirmability
[51,52]. To ensure credibility, transcripts were read and reread
numerous times to confirm that the derived themes represented
parents’ experiences [51,52]. The provision of thick, vivid
descriptions of parents experiences using verbatim quotes
helped to facilitate the transferability of data[51,52]. Copies of
al transcripts, authors' reflections, and any supporting
documents were kept to maintain an audit trail and ensure the
confirmability and dependability of the study [51,52]. All
authors kept their critical reflections in individual web-based
journal s throughout the analysis process to enhance and ensure
the reflexivity of this study’s findings [53,54].

Ethical Considerations

Ethics approval for the main RCT with this nested study was
obtained from the Domain Specific Review Board (reference
number 2021/00227). Voluntary participation among
participants was reinforced, and written informed consent was
obtained before the study recruitment. Interviews were coded
to maintain participants confidentiality. This unique code
number was attached to the respective participant’s transcript.
All consent forms were kept in a locked cupboard in the
principal investigator’s office, while all audio recordings, survey
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responses, and transcripts were stored in a password-protected
stand-alone computer.

Results

Participants Characteristics

Married fathers (10/20, 50%) and mothers (10/20, 50%) took
part in this study. All parents except 1 (19/20, 95%) were
employed. Parents from the control group had a mean age of
33.6 (SD 3.03) years, while parents in the intervention group
had amean age of 34.1 (SD 5.99) years. Of the 20 participants,
most were Chinese (n=9, 45%), followed by Indian (n=5, 25%),
Maay (n=4, 20%), Vietnamese (n=1, 5%), and White (n=1,
5%). In both groups, haf of the parents (n=10, 50%) were
first-time parents, while therest (n=10, 50%) were experienced
parents. Their mean parenting self-efficacy baseline scores
ranged from 1.1 to 3.5 (total score range 1-4). More details of
the parents' characteristics and their PES scores are presented
in Tables 1 and 2, respectively. The dropout rates of the main
RCT were 16.9% (20/118) and 6.8% (8/118) for theintervention
and control groups, respectively, at 1 month post partum and
8.5% (10/118) and 13.6% (16/118) for the intervention and
control groups, respectively, at 3 months post partum.

Parents' perceptions of the perinatal care received and their
experiences with the PDA were captured in 3 main themes and
10 subthemes (Figure 1). The main themeswere (1) new babies,
new troubles, and new wonders; (2) support system for the
parents; and (3) reshaping perinatal support for future parents.

JMed Internet Res 2024 | vol. 26 | €56894 | p. 4
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Chuaet d

Table 1. Participant characteristics (n=20).

Baseline characteristics Intervention group (n=10) Control group (n=10)
Age (y), mean (SD) 34.1(5.99) 33.6 (3.03)
Ethnicity, n (%)
Chinese 5 (50) 4(40)
Indian 3(30) 2(20)
Malay 1(10) 3(30)
Vietnamese 0(0) 1(10)
White 1(10) 0(0)
Marital status, n (%)
Married 10 (100) 10 (100)
Length of marriage (y), mean (SD) 6.0 (3.97) 4.9 (1.91)

Education level, n (%)

Secondary school 1(10) 1(10)

ITE? polytechnic, or junior college 1(10) 0(0)

University degree 6 (30) 7 (70)

Postgraduate degree 2(20) 2(20)
Employment status, n (%)

Employed 9(90) 10 (100)

Unemployed 1(10) 0(0)
Monthly household income (SGD), n (%)

<3000 1(10) 1(10)

3000-7000 5 (50) 0(0)

>7000 4(40) 9 (90)

Baby’s gender, n (%)

Male 6 (60) 5 (50)

Female 4 (40) 5(50)
Childbirth method, n (%)

Normal vaginal delivery 5 (50) 7 (70)

LSCsP (elective) 3(30) 1(10)

L SCS (emergency) 1(10) 2(20)

Assisted vaginal delivery using vacuum extraction 1(10) 0(0)
Attended antenatal preparation courses, n (%) 3(30) 5 (50)
Did the mother follow the confinement period? n (%)

Yes 4 (40) 5 (50)

No 1(10) 0(0)
Method of feeding baby, n (%)

Breastmilk only (refersto both direct breastfeeding 5 (50) 4 (40)

and expressed breastmilk)
A mixture of breastmilk and formulafeeds 5 (50) 6 (60)

Length of maternity or paternity leave, n (%)

<1 month 4 (40) 5 (50)
1-4 months 4 (40) 5 (50)
Did not take leave 1(10) 0(0)
https://www.jmir.org/2024/1/e56894 JMed Internet Res 2024 | vol. 26 | €56894 | p. 5
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Baseline characteristics

Intervention group (n=10)

Control group (n=10)

Total number of children (including new baby), n (%)

Not applicable (not currently working)

1
22

1(10)

5 (50)
5 (50)

0(0)

5 (50)
5 (50)

& TE: Institute of Technical Education.
bLscs: lower segment cesarean section.

Table 2. Participants' parenting self-efficacy scores at baseline.

Study participant code

Total parenting self-efficacy score (range 10-40)

Mean parenting self-efficacy score (range 1-4)

Control group

Mother control 1
Mother control 2
Mother control 3
Mother control 4
Mother control 5
Father control 1
Father control 2
Father control 3
Father control 4
Father control 5

I ntervention group

Mother intervention 1
Mother intervention 2
Mother intervention 3
Mother intervention 4
Mother intervention 5
Father intervention 1
Father intervention 2
Father intervention 3
Father intervention 4

Father intervention 5

28
20
30
28
29
32
20
23
11
35

27
30
29
31
35
35
26
31
20
27

2.8

2.8
29
32

2.3
11
35

2.7

29
31
35
35
2.6
31

27
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Figurel. Summary of themes and subthemes. PDA: Parentbot—a Digital Healthcare Assistant.
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New Babies, New Troubles, and New Wonders

Parents’ experiencesand challengesfaced while caring for their
new baby were categorized into 3 subthemes: differing needs
of both first-time and experienced parents, riding out the
emotional storm, and a balancing act.

Differing Needs of Both First-Time and Experienced
Parents

First-time parents from both the control and intervention groups
experienced a“ steep learning curve” during the first few weeks
post partum as they learned the skills needed to care for their
newborn (eg, breastfeeding and bathing). The parents from the
control group felt confused by the conflicting advice received
from websites on the internet, family and friends, and health
care providers. They also often used “trial-and-error” meansto
identify the best methods to care for their child. Parents from
the intervention group used the information provided by the
PDA to improvetheir baby care skillsand resolvethe conflicting
advice they received from other sources:

You don't know what she wants whenever she
cries...really you just have to figure it out each
time...just trial and error. [Mother control 2]

[T]heinformation provided intheapp [ PDA]...maybe
it gives me 80% confidence to take care of my baby.
[Father intervention 2]

Although some experienced parents needed to refresh their
memory of baby care skills, these parents had more confidence
in caring for their newborn. However, they had to learn how to
care for a new baby with unique needs and manage sibling
rivalry. Those in the intervention group used the PDA to help
them meet their evolving learning needs:
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[M]y [first] child didn't experience any like colic
symptoms, so for the second one...I think experience
colicall thetime so | haveto search like what to do...
[Mother control 4]

It'squite helpful even for second time parents because
like we will forget how to let’s say, take care of the
umbilical cord and there’s some on sibling rivalry
all that, that we can read on which is helpful for us.
[Mother intervention 3]

Riding Out the Emotional Storm

Parents from both groups experienced many positive and
negative emotions within the first few weeks of postpartum.
Their moods were closely tied to their abilities to care for the
newborn; they felt stressed, helpless, and frustrated when they
were unable to meet their newborn’s needs and felt joyous after
learning how to care for their newborn sufficiently:

Like when the baby won't stop crying, sometimes |
get frustrated.... [But when] the problem is solved
then it makes you feel better, gives you a boost that
hey that you are capable, you are doing thingsright...
[Father control 4]

Parents from both groups managed their emotions by engaging
in personal leisure activities (eg, watching Netflix, cooking, or
cycling); planning their daily schedule carefully; and seeking
professional help when needed. Those from the intervention
group used the PDA's activities (journal exercises, mindfulness
exercises, and making and sharing of positive posters) to engage
in self-reflection and regulate their thoughts and emotions:

Because people always post something positive
and...you read, you think about it, ah, like that’swhat
exactly what you're feeling now, and you feel happy
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about it. Yeah. This is very positive. | like this [the
poster board]. [Father intervention 5]

A Balancing Act

Parents from both groups highlighted that they had to balance
their work demands with baby care responsibilities. They
worried about baby care arrangements after mothers' maternity
leave ended and applying for leave if their babies were to fall
sick. Many parents wanted to forge a strong bond with their
babies and were concerned that returning to work could cause
them to misstheir babies' developmental milestones:

Maybe I'll miss out on her milestones and all
that...maybe at the end when she grows older, then
I'll regret not spending more time with her. [Father
control 2]

All parents also balanced their personal life and baby care by
taking turns or engaging their family members (eg,
mothers-in-law or mothers) to care for their baby:

Sometimes when my mother-in-law is free, she will
help to take care of the baby. Me and my husband
will go out, maybejust have a meal together. [Mother
control 3]

In addition, experienced parents from both groups had to balance
the time spent with each of their children so that no child felt
“neglected.” Experienced fathers often adopted therole of being
the“main caregiver” for their older children, while experienced
mothers mainly cared for the newborn dueto their breastfeeding
duties:

| had to take care more of the other kid...because
she's the one breastfeeding the other one... [Father
control 5]

Support System for the Parents

The varied sources of support that parents had were organized
into 4 subthemes: community of support from family and
friends, special support from peer parents, support from health
care professionals and hired help, and working as a team.

Community of Support From Family and Friends

Parents from both groups received valuable support from their
family members (eg, parents, parents-in-law, and siblings) in
terms of teaching them baby care skills, hel ping mothers recover
after labor, and helping to care for their newborns. However,
some parents from both groups had limited family support as
their family members were busy with other responsibilities or
unfit to care for newborns due to poor health. Moreover, some
parents from both groups felt stressed when their older family
members had different “ outdated” methods of caring for babies
that clashed with their views:

My mommy in-law is stubbor n with her waysand plus
that she also tendsto be very critical in our processes
at home... [Father control 5]

[T]hey're [own parents] quite old already, so | don't
really want to stress them too much, put too much
strain on them. [Father control 3]

https://www.jmir.org/2024/1/e56894
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In addition, parentsfrom both groups val ued hearing about their
friends’ first-hand parenting experiences as it helped them to
prepare for their baby’s birth and care for their baby:

We have a few friends who also just given birth...so
we get to hear fromthem, their first-hand experience,
what the husband has to do, what the wife has to do,
what is the good to have things to be prepared...
[Father control 3]

Special Support From Peer Parents

Many mothers, mostly from the control group (5/5, 100%) and
afew from the intervention group (1/5, 20%), sought support
and advice from other local parents using web-based forums
and WhatsA pp groups, whilefathersdid not adopt thispractice.
However, parents were aware that these peers could sometimes
provide “funny” advice:

| felt more comforted because a lot of people will just

say that yeah | had my baby like hiccupping almost

around the clock and they' re totally fine and so many

people have that same experience. [Mother control

9]
The poster board and support forum in the PDA provided parents
in the intervention group with asense of community. Thesimple
interactions of making and sharing digital posters containing
positive messages allowed parentsto feel “lessalone.” Although
the support forum was underused, parents felt that the forum
was a helpful and useful feature to have, especialy if there was
more activity on it:

If more people use [the support forum]...I think this
will be a good way to find out from other parents or
get some feedback from other parents on certain
issues. [Father intervention 4]

Support From Health Care Professionals and Hired
Help

Parents from both groups appreciated the support provided by
health care professional s at the hospital and clinics. Health care
professionalsanswered parents’ queriesthoroughly, taught them
how to care for their babies patiently, and provided them with
emotional support during their labor and inpatient stay. Some
parents (mostly from the control group, 5/10, 50% and a few
from the intervention group, 2/10, 20%) wanted more in-depth
explanations from the physiciansat the polyclinicsto alay their
anxieties:

The nurses were very nice...it was my first baby, so

they actually taught me how to breastfeed, how to

latch..When my son was crying, then | get

overwhelmed...the nurse actually came by to help...

[Mother intervention 1]

Whatever questions we asked, the doctor [from
polyclinic] would just say oh its normal normal
normal, so we felt that it wasn’t really assuring.
[Mother control 2]

Confinement nannies helped parents from both groups by
cooking nutritious meals for mothers to facilitate their
postchildbirth recovery, taking care of newborns, and teaching
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parents how to carefor their new babies. After the nannies |l eft,
some parents were sufficiently confident to carefor their babies
while, others (mostly from the control group and a few from
the intervention group) were lost and stressed:

For thefirst month | hired a confinement nanny...Help
to take care of the baby, feed the baby, uh, clothe the
baby...She will slowly teach usla gradually. [M other
intervention 2]

Domestic helpers mainly hel ped parents from both groups with
household chores and meal preparations. While some parents
from both groups also trained their helpers to care for their
babies, the cultural differences between Singapore and the
helpers’ own country made it challenging for helpers to assist
with infant care:

We're worried because they are from a different
country...their ways of taking care and developing a
baby might be more basic, more rudimentary. [ Father
control 4]

Working as a Team

To support mothers, fathers from both groups spent more time
at home by leaving work on time and seeking additional leave
days. Fathersfrom both groups also supported mothers by doing
household chores, caring for older children, and purchasing
household and baby care necessities (eg, nursing pillows).
Conversely, mothers from both groups took on more
responsibility for their newborns during maternity leave so that
fathers could have sufficient rest and focus on their work. In
addition, all parents provided emotional support to each other
and reminded one another that they were “both getting to be
better parents day by day”:

[A]t the end of the working day, | just try to drop all
my stuff and just run away, you know? Don't care if
work is incomplete, will just rush home. [Father
control 2]

Parents from the intervention group mostly used the PDA
independently on their respective mobile phones and discussed
the content they read to improve baby care:

| have missed out maybe example with the
breastfeeding part...then [ husband] come and share
tomeeh | haveread it in Parentbot [ PDA] they have
stated like this, so you can try in this position, you
candoit in thisway. [Mother intervention 4]

Reshaping Perinatal Support for Future Parents

The different suggestions to improve perinatal care for parents
were sorted into 3 subthemes: cultivating a baby-friendly
society, embracing digital health care support, and PDA version
2.0.

Cultivating a Baby-Friendly Society

Parents from both groups would like to receive more financial
assistancein the form of subsidiesfor baby supplies(eg, diapers,
milk bottles, and milk powder) and infant care fees. To help
parents balance their work demands and baby care, flexible
work arrangements, longer and equal maternity and paternity
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leave (eg, 6 months), and more infant care slots were
highlighted:

I think like a six month phase [leave] may even
encourage more people to breastfeed at least up to
that six month mark. [Mother control 5]

That also calls for some changes where mother and
father both are given equal leave. Then, the whole
family gets involved in baby care because we get to
leave, we are more in touch with the newborn.
[Mother intervention 5]

Parents from both groups also wanted to receive continuity of
care during the perinatal period by having the same clinician
during pregnancy, the same maternity team in the postnatal
ward, and the same clinician caring for their baby at affordable
subsidized rates. They also wanted babysitting and confinement
nanny services to be subsidized and well regulated. Moreover,
parents from both groups wanted to receive more holistic
family-centered care by having their informational and
emotional needs met and having their opinions respected by
health care professionals:

[A]fter giving birth, if they could attach usto a family
doctor...from the beginning, they will understand the
history of the children more.... If we have continuity
of care fromthe same doctor, it will be better. [Mother
control 4]

| had to insist to bring in the midwife earlier to check
how dilated | am.... | had to ask three times before
the nurse brought in the midwife. [Mother control 3]

Embracing Digital Health Care Support

All parents in this study found it more convenient to search
online for perinatal care information or use the PDA, as they
could do their learning while commuting. Parents from the
control group had difficulties searching for online validated
information that applies to Singapore’s context, whereas those
from the intervention group appreciated the contextualized
trustworthy information provided by the PDA:

| found myself using thiskind of on the go, like when
| was sitting on the MRT [public train system in
Singapore], | just scroll through and look for things.
[Father intervention 3]

Sometimeswhen | try to find things, it will show other

country stuff.... | try to find just related to Sngapore

stuff and it's scattered everywhere. [Mother control

1]
Parents from the control group were interested in using
telemedicine services and were open to the idea of
communicating with chatbots aslong asthe computer-generated
answers were prevetted by health care professionals. Parents
from the intervention group who tried the chatbot in the PDA
also had a pleasant experience interacting with it:

| think it's quite interactive...there are one or two
times | actually type in something, then the bot will
actually reply to the questions.... | believe thisoneis
already done with a lot of machine learning.... So
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answers are actually by the professional. [Father
intervention 1]

All the parents were interested in the PDA; when informed
about the intervention, those from the control group wanted to
try it, and al the parents from the intervention group would
recommend the PDA to others. Parents from the intervention
group indicated that the PDA was helpful for both fathers and
mothersand both first-time and experienced parents. Those who
received the PDA also wanted to have access to the PDA for a
longer duration (eg, 6 months post partum) and wanted the PDA
to provide more information about raising children throughout
infancy and toddlerhood:

| think everybody should have it [ PDA]...many of my
friends who are becoming first-time mothers keep
asking me, oh, what happensto this?... then | impart
the same information, which | get from here [ PDA].
[Mother intervention 5

PDA Version 2.0

Parents from the intervention group provided various
suggestions to improve the PDA. They suggested using more
“eye-catching” elements (eg, animations and brighter colors)
to make the application more stimulating. Better organization
and amore intuitive interface could help parentslocate and use
the PDA’s features more easily. Parents also found it “fun” to
complete their assigned weekly activities in the PDA and see
the corresponding colors of a digital rainbow badge light up
(eg, green band will be filled in after completing a gratitude
journal entry). However, they suggested having flexibility in
the weekly activities and alowing users to customize their
activities according to persona preferences to sustain their
motivation to use the PDA:

So you can still have a rainbow badge, but maybe the
violet is for if you complete one activity in the app,
maybe the blue is...you can attach points to specific
actions and then have them all add up until you get
the full rainbow [ badge] . [ Father intervention 3]

To improve parents’ ease of access to information, the chatbot
and search function in the PDA could be improved to locate
more accurate answers to parents queries. The educational
videos could be categorized into different sections for parents
to easily accesstheir segmentsof interest. Parents a so requested
to have more information on their emotiona and mental health
and possible pregnancy and infant complications:

For general questions, the chatbot is okay, but for
more specific questions [ e.g. How much weight should
my baby gaininthefirst month?] it doesn’t answer...it
keeps giving you the same answer. [Mother
intervention 5]

Parents also wanted to receive immediate replies (within 15
minutes) to their queries from health care experts (the standard
reply was within 24 hours), feedback on their journal entries,
and more encouragement on the poster board:

If possible, maybe you can have a live agent or
somebody that we can talk to during working hours.
[Mother intervention 3]
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Other features that parents would like to have in the PDA
include baby care skills simulation games (eg, diaper changing
and baby bathing) possibly using virtual reality technology,
games to help parents with emotional regulation, and short
quizzes on perinatal care knowledge with answers provided.
Parents also wanted the PDA to track their pregnancy and
children’sgrowth milestones and provide them with appropriate
caretips at the respective time points:

[M]aybe the baby is crying and you have to figure
out why it's upset...So to have a game like that, it
would help to put a lot of peoples’ fears at peace |
think... [Father intervention 3]

Discussion

Principal Findings

This study conducted a process evaluation of the PDA tria to
explore the perinatal experiences and the user experiences of
the PDA offered to parentsin Singapore. Parentsfrom different
ethnic groupswereinterviewed, with Chinese, Malay, and Indian
parents constituting most of the sample, which corresponds to
the ethnic profile of Singapore [55]. There was also an equal
mix of first-time and experienced parents from both the control
and intervention groups who had a varied range of parenting
self-efficacy scores at baseline.

All parents experienced positive and negative emotions during
the first few weeks post partum, which is similar to previous
research on local parents [19]. Although parents from both
groups found ways to manage their negative emotions, parents
in the intervention group had more options such asengaging in
mindful ness-based and positive psychology (gratitude journal
and poster making) activitiesin the PDA. Since these activities
helped some parents to improve their psychological well-being
asreported in previous research conducted in the United States
and Europe [56,57], future perinatal interventions could include
psychotherapeutic componentsto address parents’ psychol ogical
well-being [28]. However, as the PDA activities did not appeal
to some parents, alternative activities such as games on
emotional regulation were suggested by parents and could be
explored by future studies, given that games could improve
mental health outcomes among adults [58,59].

All parents in this study used web-based methods of learning
perinatal care information (eg, websites, forums, and message
groups) due to its convenience and accessibility. This tiesin
with the current generation of Singaporeans being more educated
and encouraged to use digital technology in their daily lives
[60,61]. Given that cultural norms affect perinatal care practices
[62], parents benefited from receiving information that was
relevant in the local context, a sentiment echoed by a previous
local study [19]. Suggestionsto improve parents PDA learning
experience include quizzes, baby care simulation games (using
virtual reality or digital animations), and personalized care tips
being provided by push natifications at significant milestones
during the perinatal period. Considering the prior success in
using games to teach baby care skills (eg, breastfeeding) [63],
future studies could develop more games to deliver perinatal
education, especialy in countries with good technological
infrastructure such as Singapore [64]. Moreover, the tailoring
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of mobile app—based interventions' content using individualized
push notifications could improve participants engagement and
the effectiveness of the intervention [65].

Parents from both groups expressed interest in communi cating
with chatbots, which tiesin with the global trend of young adults
being technology savvy and satisfied with interacting with
artificial intelligence (Al) for their health needs [66,67].
Therefore, chatbots could supplement the current perinatal care
by providing more in-depth information about parents' health
conditions to meet their needs [36], thereby addressing the
manpower shortage faced by health care providersin Singapore
and worldwide [68,69]. However, parentsfrom theintervention
group pointed out that the chatbot in the PDA could not
sufficiently address all their queries, duetoitslack of Al. This
was a common problem reported by parentsin arecent review,
and chatbots were recommended to be programmed with natural
language processing and Al to improve their communication
skills [36]. Moreover, as parents in this study and previous
research valued chatbots that were trustworthy and applicable
to one's culture [36], future chatbots could be preapproved by
local health care professionals.

Parents from both groups received childcare support from older
family members, especially their mothers and mothers-in-law,
which is a common practice in Singapore and Asia [19,70].
While some parents val ued the support provided by their family,
others experienced distress dueto their family’sdiffering views
on childcare and hence preferred to seek advice from their
friends who have had children recently and could provide
up-to-date information. A similar finding was reported in a
previous local study on parents [19]. Moreover, grandparents
could also experience caregiver strain, especialy if they have
poor health conditions[71,72]. Some parentsin this study were
aware of thisproblem and decided to enroll their babiesin infant
care centerswhen they returned to work. Considering the current
trend of couples delaying childbirth in Singapore [73], more
grandparents might be older and have poorer health. Hence,
more affordable and conveniently located infant care centers
might be needed to meet the childcare needs of future local
parents.

In addition to speaking with their friends, parents from both
groups (especially mothers) sought peer support from web-based
sources (eg, forums and messaging groups) to improve their
socioemotional well-being. Those from the intervention group
also benefited from their additional accessto the PDA. Similar
benefits of interacting with other parents have been noted in
previouslocal studies[19,74]. According to the concept analysis
of peer support by Dennis[75], peer support could effectively
improve parents perinatal well-being by encouraging one's
help-seeking behaviors, allowing one to learn realistic coping
methods, and inspiring one to adopt constructive and proper
coping strategies undertaken by peers[76]. Inthe PDA, parents
interacted with one another via a discussion forum and shared
digital posters. While the poster board was generally enjoyed
by the parents, the discussion forum was underused possibly
due to the lack of moderation on the platform by researchers.
To increase the forum's activity, weekly topics could be
introduced, and notifications or regular messages or posts could
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be initiated by
engagement [77].

researchers to encourage participants

While parents from both groups were generally satisfied with
the current health care services, they would like to receive more
continuity of care and family-centered care, which could lead
to improved maternal and neonatal health outcomes[78,79]. In
Singapore’s current public health system, parents do not receive
carefrom the sameteam of health care professional sthroughout
the perinatal period. Hence, the provision of continuity of care
could be enhanced by keeping detailed shared electronic records
of mothers and babies and using collaborative care models[80].
Additional training of maternity health care professional s could
be conducted to deliver respectful and holistic family-centered
care[79]. Moreover, the implementation of midwifery-led care
models to provide continuous high-quality maternal care
throughout the perinatal period could be explored and promoted
in Singapore and on a global scale [81-84].

Current findings highlighted the importance of parents’ support
for each other. The PDA promoted partner support by
encouraging parents to discuss the information they read and
learn tips on supporting one another, which was similar to the
findings from previous local studies [19,33]. As receiving
support from one's partner can improve one's psychological
well-being and parenting behaviors [85,86], future perinatal
interventions delivered to both parents should continueto focus
on this aspect to optimize their benefits. Moreover, many fathers
in this study showed interest in being involved with childcare.
The shift in fathers’ mindset from the traditional breadwinner
roleto taking on more activerolesin childcare was al so reported
in other partsof Asia(eg, Thailand, Japan, and Taiwan) [87,88]
possibly dueto couples adopting more egalitarian relationships
[89].

With fathers wanting to be more involved in childcare duties,
mothers and fathers from both groups in this study were
concerned about balancing their work demands and baby care
responsibilities. Thisis a common worry among parents with
young children [90], and employers in Singapore have been
looking into establishing flexible work arrangements especially
after the COVID-19 pandemic to help parents achieve ahealthy
work-family balance [91,92]. Parents also requested longer
maternity and paternity leaves for up to 6 months to encourage
exclusive breastfeeding for the first 6 months of an infant’slife
[93], especidly since only 40% of mothers in Singapore
exclusively breastfeed their children for the first 6 months post
partum [94]. An equal duration of paternity and maternity leaves
was also suggested, which align with the current generation of
parents wanting to assume more equal responsibility for their
children’swell-being [89]. Aspaternal involvement significantly
contributes to better maternal and child health outcomes [95],
Singapore has recently doubled paternity leave from 2 to 4
weeks to encourage more father-infant bonding [96]. Plans to
further lengthen paternity and maternity leaves and itsinfluence
on parenting and newborn outcomes could be explored.

Strengthsand Limitations

This study provided valuable insight into the parenting
experiences of first-time and experienced parentswith perinatal
carein the current digital age and their user experiences of the
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newly developed PDA intervention. It explored how mobile
app—based support and chatbots could enhance perinatal care.
Current findings areimportant in guiding future research on the
provision of technology-based perinatal support for parentsin
Asia, especially using mobile apps and chatbots.

However, this study has some limitations. As only married
English-speaking heterosexual parents who had a newborn
without serious medical complications were recruited from a
single tertiary hospital, the findings of this study may not
represent the views of all parentsin Singapore. Although data
saturation was achieved, the relatively small sample size for
this study could have hindered the transferability of itsfindings
to all parentsin Singapore. Since this study was conducted on
multiracial parents in Singapore, its results might not be
transferable to parents in other contexts. Moreover, with all
study participants identifying as heterosexual, the findings of
this study might not be representative of parents from the
lesbian, gay, bisexual, transgender, and queer (LGBTQ)
community. While some gender-specific and parity-specific
differencesin the perinatal experiences of parentswere reported
in this study, more in-depth gender and parity differences could
not be explored dueto the nature of this study with small sample
size. In addition, the use of only personal interviews in this
study could introduce self-reported bias and impair the
confirmability of the findings. As this study only recruited a
convenient sample of parents who had smartphones and were
willing to participate, other parents who did not own
smartphones (rarely seen in the Singapore context) or who had
actual needs but were not keen to participate in research studies
could be underrepresented in this study. Furthermore, since all
study participants were only interviewed once between 1 and
3 months after childbirth, this study’s findings do not reflect
parents’ experiences across the entire perinatal period. Finally,
due to logigtical limitations (limited grant funding and
resources), the research team could not feasibly develop the
PDA to provide support for parents until 1 year post partum,
and hence this study could not explore parents needs and
experiences throughout the perinatal period.

Implications for Future Research and Practice

Considering the unmet needs of new parents and that the PDA
can provideall parentswith informational, socioemotional, and
psychological benefits, mobile app—based perinatal interventions
within-built chatbots could be used to supplement the perinatal
care provided for parents in Singapore. To optimize
performance, future chatbots could have natura language
processing and Al capabilities and have their answersvetted by
local hedlth care professionals. Future interventions could
include more peer-to-peer interactions, games on emotional
regulation and baby care skills, quizzes on perinatal care
information, and personalized information for parents at
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significant milestones. Health care professionals could adopt
midwife-led continuity of care modelsto deliver family-centered
care. To address the parents’ childcare needs, longer and equal
paternity and maternity leaves could be explored, and flexible
work arrangements could be promoted. Future research on more
diverse parents (eg, from the LGBTQ community; single
parents, unmarried parents; parents who had newborns with
medical complications; and non—English-speaking parents)
could be conducted to obtain a more holistic understanding of
local parents' perinatal experiences. Educational resources in
the PDA would also have to undergo revisionsto meet the needs
of varied family compositions and parents whose babies have
medical complications. For instance, advice on bonding with a
nonbiological child and tipson caring for children with medical
complications could be provided. Future longitudinal mixed
methods studies on the perinatal experiences of parents could
also be conducted to triangulate the findings and obtain more
in-depth data. These mixed methods studies could consider
conducting quantitative surveys among larger sample of parents
from both control and intervention groups to further compare
their experiences and satisfaction in using the PDA. Future
research could recruit larger sample sizes, explore gender- and
parity-specific differences morein depth, and use more methods
to collect qualitative datafrom participants such as observations.
Furthermore, future trials could aim to develop and evaluate
similar technol ogy-based interventions for parents up to 1 year
post partum to obtain a more holistic understanding of their
experiences throughout the perinatal period. Finaly, future
research could engage grandparents to explore their views
regarding childcare since they are also involved in caring for
children in Singapore.

Conclusions

Overall, this study showed that the PDA can provide parents
with informational, socioemotional, and psychological support
during the perinatal period. Despite its limitations, this study
has paved the way for the development of better mobile
app-based interventions and chatbotsto meet the needs of Asian
parentsduring the perinatal period. Moving forward, researchers
would need to overcome the problems posed by the limited
available resources (funds, technological capabilities, and
manpower) to design future perinatal supportive interventions
with amore sophisticated chatbot, more gamification features,
personalized and engaging care tips, and more peer-to-peer
interactions. Health care providers could focus on delivering
more family-centered, holistic, and continuous care for parents
and babies. Policy makers and employers could be encouraged
to help parents achieve a healthy work-family balance. Finally,
collaboration between health care providers, researchers, and
technical experts would be needed to develop appropriate and
effective chatbot- and mobile app-based interventions to
supplement perinatal care shortly.
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