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Abstract

Background: Perinatal health care is critically important for maternal health outcomes in infants. The United States fares
considerably worse than comparable countries for maternal and infant mortality rates. As such, alternative models of care or
engagement are warranted. Ubiquitous digital devices and increased use of digital health tools have the potential to extend the
reach to women and infants in their everyday lives and make a positive impact on their health outcomes. As voice technology
becomes more mainstream, research is prudent to establish evidence-based practice on how to best leverage voice technology to
promote maternal-infant health.

Objective: Theaim of this study isto assess the feasibility of using voice technology to support perinatal health and infant care
practices.

Methods: Perinatal women were recruited from a large Midwest Children’s Hospital via hospital email announcements and
word of mouth. Owing to the technical aspects of theintervention, participants were required to speak English and use an iPhone.
Demographics, patterns of technology use, and technology use specific to perinatal health or self-care practices were assessed at
baseline. Next, participants were onboarded and asked to use the intervention, Self-Management Intervention—Life Essentials
(SMILE), over the course of 2 weeks. SMILE provided users with perinatal health content delivered through mini podcasts
(ranging from 3 to 8 minutes in duration). After each podcast, SMILE prompted users to provide immediate verbal feedback to
the content. An exit interview was conducted with participants to gather feedback on the intervention and further explore
participants perceptions of voice technology as a means to support perinatal health in the future.

Results. Intotal, 19 pregnant women (17 to 36 weeks pregnant) were consented. Themes identified as important for perinatal
health information include establishing routines, expected norms, and realistic expectations and providing key takeaways. Themes
identified asimportant for voice interaction include customization and user preferences, privacy, family and friends, and context
and convenience. Qualitative analysis suggested that perinatal health promotion content delivered by voice should be accurate
and succinctly delivered and highlight key takeaways. Perinatal health interventions that use voice should provide users with the
ability to customize the intervention but al so provide opportunities to engage family members, particularly spouses. Asanumber
of women multitasked while the intervention was being deployed, future interventions should leverage the convenience of voice
technology while also balancing the influence of user context (eg, timing or ability to listen or talk versus nonvoice interaction
with the system).

Conclusions: Our findings demonstrate the short-term feasibility of disseminating evidence-based perinatal support via podcasts
and curate voice-captured data from perinatal women. However, key areas of improvement have been identified specifically for
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perinatal interventions leveraging voice technology. Findings contribute to future content, design, and delivery considerations of

perinatal digital health interventions.

(IMIR Form Res 2021;5(3):€18240) doi: 10.2196/18240
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Introduction

Background

Nearly 60% of maternal deaths are preventable [1], and infant
mortality rates are approximately 71% higher in the United
States than in other comparable countries [2]. Race/ethnicity,
low income, and chronic stress are associated with
pregnancy-related complications and poor maternal and infant
mortality statistics [3-6]. To set the stage for long-term health
and well-being of the mother and theinfant [ 7-9], the American
College of Obstetricians and Gynecologists (ACOG) and the
American Academy of Pediatrics emphasize the importance of
maternal perinatal care and infant preventive care. The benefits
of quality perinatal health care are well established, reducing
the risk of pregnancy complications, rates of low birth weight
infants, and infant mortality rates[5,10,11]. However, the United
States fares much worse in preventing pregnancy-related
complications than most other developed countries, despite
spending more than any other country on hospital-based
maternity care [12,13]. Growing concerns regarding
maternal-infant health outcomes, patient satisfaction, accessto
quality prenatal care, and costs have increased interest in
alternative models of prenatal care [14]. Given the broad and
ubiquitous nature of technology, digital health tools have the
potential to advance perinatal care and empower women to
engage in the provision of care while maintaining expert
recommended standards of care [15,16].

Evidence shows that pregnant women and those with young
children are accustomed to readily available information using
digital technologies and desire better access to information
offered by health professionals [17]. Earlier efforts to
supplement perinatal care with digita health tools have
demonstrated variable levels of technological complexity. One
of the most notable public health campaignsfor perinatal health
is Text4baby. With more than 250 messagestailored to pregnant
women and new mothers, Text4baby represents one of the first
empirically supported mobile health campaigns to reach over
685,000 mothers through text messaging [18]. Similarly
designed for national scalability, Expect With Me follows the
same schedule as individual prenatal care from week 14 of
preghancy and follows ACOG recommendations for clinical
practiceimplemented through group prenatal care supplemented
with information technology [15,19]. The obstetric OB Nest
program proposes a reduced number of prenatal visits (ie, 8
onsite obstetric appointments; 6 virtual nurse visits) for low-risk
pregnant women by leveraging technology (eg, fetal heartbeat
and blood pressure home monitoring devices,; web-based social
support) to demedicalize the pregnancy experience and provide
carewithin patients’ daily lives[20,21]. Similar effortsto reach

https://formative.jmir.org/2021/3/€18240

women in their daily lives, researchers found it feasible to use
an embodied conversational agent (ie, animated conversational
character simulating face-to-face interaction) accessed over the
web, Gabby, to promote preconception health, healthy eating,
and stress management [22,23]. Collectively, a review of
perinatal care and telemedicine/eHealth suggests that digital
tools may be beneficial in empowering patients and promoting
value-based health care, yet ongoing efforts are needed to
provide evidence specific to health outcomes, satisfaction, and
cost and reflect aconstantly evolving digital landscape[24]. As
adigital health intervention tool, voice technology has recently
been explored as a modality for delivering information to
support health and well-being [25]. For the purposes of this
paper, we define voi ce technol ogies as digital toolsand devices
that enable bidirectional communication of information through
speech (eg, conversational agents, dialog systems using audio
content or text-to-speech over smart speakers, smartphone voice
assistants, voice-based apps). Voice technology interventions
that rely on listening and speaking interactions differ from visual
intervention predecessors and warrant further research to
understand how users interact and consume information [26].

Aimsof This Study

The primary aim of this study is to assess the feasibility of
delivering perinatal health education via voice among a group
of perinatal women. To explorethe potential of voicetechnology
in maternal-infant health, we aimed to assess the feasibility of
a voice technology mobile app prototype, Self-Management
Intervention-Life Essentials (SMILE), among a group of
perinatal women. Following expert recommendations [27], we
defined feasibility through 4 general domains: (1) acceptability,
(2) demand, (3) practicality, and (4) adaptation. We examined
the ability of the application to retrieve and deliver perinatal
health information through spoken words (eg, podcasts) and
prompt and audio-capture participant reactions to intervention
content immediately following the podcasts. Before efficacy
testing, we sought to understand participants’ tolerability of the
platform, appropriateness and interest in the content and
delivery, and how participants used the system.

Intervention: SMILE

Asaninitial prototype, SMILE was created using theinput from
the literature. From pregnancy through a baby’s first birthday,
the literature collectively identifies the following categories
necessary in perinatal education: information regarding
infant/babies’ needs, postpartum care and postpartum
depression, baby’s feeding/breastfeeding, strategies to manage
the couple'srelationship, mobile/digital resourceswith linksto
reliable documents, and a list of useful contacts/professional
resources [28,29]. In addition to traditional resources such as
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family and close friends, new parents use alternative
contemporary channelsto find perinatal (pregnancy/parenting)
information to include mobile and internet-based resources [30].
Specifically, digital health interventions have demonstrated the
ability to provide women with perinatal support when they most
need it (ie, immediate) and/or when they have opportunitiesto
access content (ie, support ismorereadily accessiblethan clinic
visitsalone) [17,28].

Podcasts are increasingly being used for education, both to
providers and patients, with demonstrated feasibility,
acceptability, and reach [31,32]. We leveraged the convenience
of podcasts to deliver SMILE content. SMILE was devel oped
to retrieve content from the long-standing, evidence-based Dr
Mike PediaCast program affiliated with the clinical setting for
thestudy [33]. PediaCast isa parent-facing podcast that provides
relevant information and newsto parents by answering listener
questions, interviewing pediatric experts, offering overviews
of research, and providing the latest news on pediatric
health—related topics.

For initia testing and because of time and monetary constraints,
SMILE leveraged existing voice technology services (ie, Siri,

Militello et al

podcasts) and was designed as a maobile app for use on the
iPhone platform. SMILE could be initiated through voice on
the user’s phone (eg, “Hey Siri, start SMILE”") or by launching
the app through touch/tap, either method would then start a
preselected podcast. Intervention podcast topics were selected
based on their relevance to infant care practices, prenatal care
practicesrelated to improved infant outcomes, and the duration
of podcasts. Although evidence suggests options for users to
tailor/personalize the intervention, podcasts were delivered
sequentially to gauge user perceptions of various topics and
durations. Userswere ableto listen to podcast in the background
(ie, screen off), with an option to play/pause with voice
command through Siri (“start SMILE” to initiate the app and it
automatically starts the podcast, “Pause SMILE” to pause
episode, and “ Continue SMILE” to play whereleft off). Finally,
upon compl eting each podcast episode, the app (through spoken
language) asked users to provide feedback by answering
(verbally) 2 brief questions. User feedback was collected by the
app through voice recordings. Figure 1 highlights SMILE
functionalities and how participants could use the app during
the study.

Figure 1. Self-Management Intervention-Life Essentials interactivity highlights.
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Theory

The underlying tenets of the proposed innovation are
theoretically grounded in cognitive load theory [34] and the
technology acceptance model (TAM) [35]. Cognitiveload theory
asserts that when experience overloads working memory
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capacity, learning isimpaired [34]. Learning is better supported
when content is broken down into smaller, more manageable
pieces. As such, SMILE podcasts ranged from 3- to 8-minute
chunks, each episode dlightly longer, but allowed users the
option to stop after one episode or continuelistening. Qualitative
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aspects of the study were guided by the TAM (discussed in
detail in the Data Collection section).

Methods

Design
We conducted a 2-week within-subject feasibility study with
19 perinatal women.

Recruitment, Sample, and Setting

Recruitment occurred over a 1-month period (April to May
2019) at the Nationwide Children’s Hospital, Columbus, Ohio.
Participants were invited to participate through hospital email
announcements and word of mouth. Interested persons were
screened before enrollment. To advance the health of women
and infants, a two-generation approach acknowledging the
interrelated health between mother and infant is critical.
Therefore, the main study inclusion criterion was perinatal
women >18 years of age, either pregnant or having an infant
less than 1 year of age. Owing to technical aspects of the
intervention, participants were also required to be English
speaking and an iPhone user. In appreciation for participant
time and feedback, compensation was provided for baseline
survey completion and downloading the app (US $10), field
testing the app, and participating in an exit interview (US $20)
for apossible US $30 total.

Data Collection

Upon written informed consent, participants compl eted baseline
surveysthat captured demographics, patterns of technology use,
and technology use specific to perinatal health and/or self-care
practices (Multimedia Appendix 1). Participants were then
onboarded and instructed to download and use the app over a
2-week period. To prevent nonrecruited users from downloading
and using the app, participants were provided with a link to
download SMILE along with an assigned entry code necessary
to launch the app. To broadly assess app usage, data were
collected from app store analytics (ie, number of active devices,
number of impressions). Participants' individual app use (eg,
demand) was also collected (ie, podcast number, duration of
app used) to understand how participants progressed through
the intervention. Qualitative data reflective of participants
acceptability, perceptions, and attitudestoward theintervention
were obtained through 2 channels. First, immediately following
each podcagt, participantswere asked 2 questions and responses
were audio-captured and recorded through the app. Second,
participants were invited to participate in a semistructured exit
interview following the 2-week intervention field test. Blending
formal structured and unstructured interviewing techniques,
semistructured techniques arewidely used in formative research
studies that provide researchers with information on the
acceptability of intervention components[36]. Theexit interview
was informed by the TAM [35] and a scale to assess burden
[37] to gather feedback and attitudes toward the technology
(Multimedia Appendix 2). Although scheduled and drop-in
sessions were offered for exit interviews within the hospital
setting, 25% (3/12) of participants completed face-to-face
interviews, whereas the rest opted to complete interviews via
audio/videoconferencing. Qualitative feedback was audio
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recorded, deidentified, transcribed verbatim, and verified against
actual recordings by study staff. Field notes taken during the
interviews were used to supplement the transcripts.

Data Analysis

Quantitative data were analyzed using descriptive statistics.
Two researchers performed thematic analysis of qualitative data
[38,39]. Owing to the study design, 2 forms of qualitative data
were evaluated. First, qualitative data collected immediately
following each podcast episode queried participants about the
intervention content. Second, qualitative data collected via exit
interviews provided participant feedback on the overall
intervention. For all qualitative data, researchers first became
familiar with the qualitative data, which involved multiple
readings of transcripts, but did not code any data. Third, key
conceptswereidentified. Color-coding strategies, both manually
and with Excel spreadshests, were employed to highlight various
concepts and generate initial codes. Coded datawere reviewed
by research team members who compared and contrasted their
independent findings. Theinitial codeswereiteratively modified
in the process of open coding to capture information relevant
to the research question. Identified thematic findings were
reviewed and modified within the context of the larger data set
to ensure that the themeswere cohesive, yet distinct [39]. Final,
prominent themes were discussed between the 2 authors until
aconsensus was reached. To gauge user perceptions of episode
content and delivery, an additional sentiment analysis was
independently performed for app-collected feedback. Participant
feedback responses were coded -1 for negative, O for neutral,
and 1 for positive. Disagreements were resolved through
discussion and consensus.

Ethical Consideration

Ethics approval was obtained from the participating hospital,
Nationwide Children’s Hospital Internal Review Board (IRB
#00000159). Participation was strictly voluntary, and
participants were informed of their right to withdraw at any
time without penalty. Participant data were deidentified and
stored on a secure server.

Results

Demographics

Collectively, 19 participants (17 to 36 weeks pregnant) were
consented and completed baseline surveys, 18 downloaded the
SMILE app, 17 used the app, and 12 participated in the exit
interviews. The samplewas predominantly White (15/19, 79%),
married (19/19, 100%), between 25 and 34 years of age (16/19,
84%), and pregnant with their first child (12/19, 63%). Although
education level and occupation were not formally assessed,
some of the participants self-identified as nurses or socia
workers or in admin during the exit interviews.

At baseline, the top 3 resources participants used for
pregnancy-related information included calling their health care
provider (7/30, 23%), searching the web (7/30, 23%), or using
smartphone apps (6/30, 20%). The top 2 most cited apps used
to support perinatal health were Ovia (6/42, 14%) and What to
Expect (5/42, 12%). Resources least used included an
information packet provided by a health care provider (2/30,
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7%), calling afriend (2/30, 7%), or using a doula (1/30, 3%).
Calendar was the most cited (6/14, 43%) app used to support
everyday life. Morethan half of our participants reported using

Table 1. Participant-reported voice technology engagement (baseline).

Militello et al

voice assistants before this study (11/19, 58%).
Participant-reported voice technology data are highlighted in
Table 1.

Category

Value, n (%)

Smar tphone-specific voice technology engagement
Duration of voice use (n=11 participants)
1-3 months
3-12 months
1-3 years
>3 years
Top 3interactions (n=21 responses)?
Weather
Phone calls
Timer
Date/time
Information seeking
Texting
Music
Reminders
Map
Smart speaker—enabled or voice-enabled technology engagement
Duration of voice use (n=10 participants)
1-3 months
3-12 months
1-3years
More than 3 years
Top 3interactions (n=26 responses)?
Weather
Playing music
Smart house (lights, switches, and thermostat)
Timer
Information seeking
Cooking recipes
Conversion or calculation

Smart television access (search movie)

2(18)
1(9)
6 (55)
2(18)

4(14)
3(10)
3(10)
2(7)
2(7)
2(7)
2(7)
2(7)
1(5)

2(20)
2(20)
5 (50)
1(10)

6(23)
6 (23)
5(19)
4 (15)
2(8)
1(4)
1(4)
1(4)

3Participants offered more than one response.

App Usage

Unfortunately, the system failed to capture data related to how
the app wasinitiated (touch/tap or voice), time of day when the
app was being used, or app usage duration. Therefore, app usage

https://formative.jmir.org/2021/3/€18240

was determined from participant feedback captured immediately
after each podcast episode listened to by the participants. Using
these data, SMILE was able to deploy 239 podcasts across 17
participants in a 2-week timeframe (Table 2).
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Table 2. Sentiment ratings for podcast episodes grouped by category.
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Category Proportion of pod- Proportion of liss  Frequency of response  Content positively ~ Frequency of re- Interest in hear-
cast episodesavail-  eng by category® for question 1 (“What  rated (question 1), n  sponse for question  ing more (ques-
able by category?  (n=239), n (%) did you think of this (%) 2 (Interestinhearing tion 2), n (%)
(n=23), n (%) content?") more)

All 23 (100) 239 (100.0) 237 205 (86) 238 209 (86)

Sleep 8(35) 81(33.9) 81 71(88) 80 67 (84)

Pregnancy 7(30) 72(30.1) 71 59 (83) 72 66 (92)

Parenting 7(30) 72(30.1) 75 71 (95) 74 60 (81)

Breastfeeding 4 (17) 36 (15.1) 35 32(91) 36 33(92)

3S0me percentages will sum to >100%, as some categories overlap.

Participantswererequired to listen to the podcastsin order. The
response rate to the 2 questions prompted after each podcast
was 60.1% (475/782). Theleast amount of words voice captured
from participant feedback was 2 (17 characters), while the most
amount of words voice captured from participant feedback was
134 (725 characters). Participants most often used 18 words
(12/239, 5.0%) in voice feedback, with a median of 34 words
per response (IQR 37.3, min-max 20-57.3). Participant feedback
was coded positive (1, good, helpful), neutral (0, not sure), or
negative (-1, not relevant, not helpful). The full podcast episode
list and ratings are given in Multimedia Appendix 3. From the
475 responses collected by the system, 87.2% (414/475)
comments were positive. The average sentiment rating for
guestion 1 was favorable at 86.8%, and the average interest in
hearing more was positive (85.8%). Despite the positive
feedback, the number of users per episode was reduced by nearly
half during episode 15. Each category was covered by at least
two podcasts during thefirst 15 episodes. Therefore, the notable

Table 3. Examples of qualitative feedback to podcast episodes by theme.

attrition does not necessarily reflect loss of interest in acategory
but may reflect decreased use of the intervention over time.
Furthermore, it is difficult to say with certainty that missing
data (eg, no user feedback for an episode) were truly indicative
of missing data or technical glitches. From the app-captured
participant feedback, at least three instances were noted where
the technol ogy failed to capture participants' initial responses:

| already answered questions for this episode, and it
didn’'t save. [Participant 5, episode 14]

Podcast Qualitative Feedback

Participant feedback captured by voice recordings following
each podcast was analyzed qualitatively. Sentiment was gauged
from 0% (poor/negative) to 100% (good/positive). Themes
identified  from  content  feedback include (1)
establishing/transitioning routines, (2) expected norms and
tempered expectations, and (3) key takeaways. The themesand
representative quotes are given in Table 3.

Theme/subtheme Example (feedback on podcast)

Interested in hearing more

Routines

Expected normg/realistic
expectations

Troubleshooting (subtheme)

Provide objective, key take-
aways

“Likeit'svery relevant to anew mom because | currently have a 16-month-
old and pregnant and | did not know how difficult getting a sleep routine
down was. So, | think hearing | didn’t know that routine made such a dif-
ference and once | started routine. It was very helpful.” (Participant 17,
episode 8)

“I've had alot of friendstell methat it's good that I’ m considering
breastfeeding, but not to feel so ashamed if it doesn’t happen the way that
| want it to go and it’s okay.” (Participant 15, episode 14)

“I likethis episode alot because he went through several different reasons
for why the baby was crying before sleep and kind of troubleshooting to
figure out what the issue was. It was nice to hear him describe several
options that could've been the case. Yeah, | liked it alot. | thought it was
useful.” (Participant 10, episode 8)

“| thought this episode was pretty detailed and gave good information. |
would have liked to also hear what to look for when looking for signs of
suffocation and then maybe have him defined supervision alittle bit MORE
... very helpful to have an acronym to remember safe practices” (Partici-
pant 15, episode 6)

“How and when to start sleep routines with
younger babies’ (Participant 8, episode 9)

“I think it might be helpful to hear more
about what to look for, how to treat it, when
to call the doctor.” (Participant 17, episode
1

“... what are some techniquesto help soothe
them rather than feed them and what are
some cues as amom to figure out that they
really need fed or they just want attention.”
(Participant 17, episode 19)

“As | mentioned previously it would be
helpful for parentsto have moreinformation
about specific examples.” (Participant 11,
episode 15)

Theme 1: Establishing/Transitioning Routines

Content about establishing routines and transitioning to having
routines were of interest to the participants. For example, the
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ninth podcast, Infant Seep Problems, was the fourth time that
typical infant dleep patterns were discussed. However,
participants’ feedback indicated that they would be interested
in hearing more about the timing and strategies to establish
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dleep routines. Collectively, participants were interested in
learning when it was safe to establish or transition their baby
and strategies on how to go about it.

Theme 2: Expected Norms and Tempered Expectations

Participants were eager to hear information that validated their
prior knowledge and experiences to gain peace of mind.
Participants favored information that showed the pros and cons
of various parenting techniques and infant care strategies.
Anecdotal experiences can be perceived as positiveif supported
by accurate medical data:

More real-life examples of breast feeding and issues
that go along with it. [Participant 6, episode 14]

When caring for their newborn, participants wanted information
about expected behaviors and strategies to determine infant
needs, specifically infant cues. Feedback indicated that
participants desired to learn more about alternative solutionsto
common parenting challenges.

Theme 3: Provide Key Takeaways

Participants favored podcasts that provided objective data to
dispel myths. Often, information reinforced with statistics, data,
or research has been favorably received. However, this
information must be tempered by presenting the informationin
terms of the user’s understanding:

...it had alot of good data, but it was almost too data
heavy to stay focused on

what it was saying because it was statistic after
statistic after statistic. [Participant 8, episode 2]

Information tended to be favorably received if it provided
succinct tipsand was not all over the place or lots of information
asintoo general or too much.

Exit Interview Findings

Exit interviews were focused on participant feedback and
attitudes toward voice technology. Exit interview qualitative
data were analyzed separately from app feedback qualitative
data. Themesthat emerged from coded exit interviewsincluded
(2) customization of user preferences, (2) privacy concerns, (3)
family and friends, and (4) convenience and context.

Theme 4: Customize and User Preferences

Participants expressed their preferences for seeking information
and learning. In exit interviews, participants spoketo the benefits
of having information presented in more than one way, with at
least three women self-identifying as visual |learners:

If it's something in depth you know, and | want to be
ableto... | amavisual learner to seethe chart or the
you know to comprehend it. | need both. [Participant
3

When | was looking at My Chart (patient portal),
there have been times that | didn’'t even remember
what the test was called that they did. So, it would
have been hard to recall that and then go through all
of those tests... | like to see things versus hearing. |
likea little bit of both, but I lean towards more visual
so | like to be able to click through. [Participant 7]

https://formative.jmir.org/2021/3/€18240
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Prior experience and user familiarity with technology have
emerged as relevant. Some described themselves as not very
tech savwvy and preferred more traditional methods such writing
things down:

| prefer reading because it can, um, allow me to go
at my own pace and | don’'t miss information. Um,
and then | can use that as notes. Like, | can take a
snapshot of it, uh, and use that to reference back upon
because when you hear stuff, it doesn’t necessarily,
like you might not hear it the right way. Or, um, you
know, you can’'t remember exactly what was said.
[Participant 2]
Finally, participants advocated for expanding content to allow
for more customized material and tailoring options. Thus, the
creation of user profiles may be beneficial:

... being able to like choose their own content, um,
not necessarily have to listen to the same thing
multiple times in a row and same in different ways,
you know? If there’s more options, then people can
pick their own thing. | think that that will have more
benefit and possible interaction with voice commands
and that kind of stuff. [Participant 1]

How, in my mind, I’'m thinking when you go into
Netflix, and you get a profile, and you pick, you know,
my husband has a profile, | have a profile, and when
you log onto that, they recommend certain shows to
watch based off your past history. So, | guessif there's
a way that you could log into your Alexa as far as
like your portal or your profile, and then it kind of
like tracks your trends of things you ask or interests
like music that you play. [Participant 8]

Theme5: Privacy

Privacy was brought upinan array of contexts. Privacy of voice
technology was discussed within the context of information
control and information sharing.

One participant stated this about digital privacy:

| don't think | have a lot to hide... I'm not nervous
about it. But | also feel like | probably should be a
little bit more aware of it. Cuz| feel like on my phone
it'slike you can be talking about something and then
you get on your Facebook page. [Participant 2]

Privacy was also mentioned with regard to context of voice:

I’'mrarely in a quiet and alone place where | really
can speak, to give a command to a phone, even if it
were to recognize me more sometimes either maybe
a privacy thing, or | don't want everybody around
me to know and I'm | just don't want to be
broadcasting iswhat I’ mlearning about. [ Participant
11]

Theme 6: Family and Friends

Exit interviews captured voice-enabled devices used in the home
setting (eg, smart speakers, smart switches, smart thermometers)
other than smartphones alone. Voice technology use was
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perceived differently depending on the family member using
it.

Several participants spoke of the influence their spouses,
particularly their husbands, had on technology uptake. In most

cases, spouses promoted the uptake of technology; however,
they could also pose as a barrier.

Responses suggested that husbands were the drivers of
technology within the household:

Yes, absolutely. Yeah. If hewasn’t super techno savwy,
then | probably honestly wouldn’t have an Alexa and
| wouldn’t have done the smart lights or things like
that. He' sdefinitely the driver behind because helikes
being the new and cutting edge and trying it out and
that type of stuff. [Participant 9]

Yeah we don't use Alexa at home. Cuz mostly my
husband is a security person, he doesn't like it. I'd
use it myself a lot more if it were not for him.
[Participant 10]
Husbands could also be engaged in the perinatal processthrough
Voice:

| could absolutely see my husband going like Alexa,
tell me about my baby today and she’srattling off like
your baby should be about this weight and should be
eating this much and all this like he would totally
absolutely use it. | would probably use it as well if
the information is valuable. [Participant 9]

Participants voiced similar concerns about their children’s
safety, asinfants/siblings learn to speak and role model others,
exposure to inappropriate material, and becoming addicted to
technology. Others have suggested a need for parental control
on voice-enabled devices:

I'd rather the kids wait until they're older to use it,
especially unsupervised. | have a baby that’s not even
two right now. And she already yells that, you know,
shesays, Hey, Google play a song. o, it'sjust playing
random songs at her all day. And if I'm in the
bathroom or something, | feel like I’'m not in control
of what she’s doing or listening to. [Participant 4]

Our daughter can say, Mom, Dad, and Alexa.
[Participant 2]
Participant feedback highlighted that voice technology used in
the home setting provided instances to engage multiple users
simultaneously, such asfamily and friends. However, the content
needed to be appropriate for diverse audiences:

I mean, in terms of the content of the episodes you

had us listen to... it would be great for my husband

to hear and I'm fine with my kids hearing that kind

of content. | didn’t think that it was inappropriate at

all. [Participant 5]
One participant reported not using technology to manage her
stress but suggested a case of joint media engagement:

Asfar astechnology, no. My husband will sometimes.
| don’t know what the app is called, but he usesit like
a meditation app sometimeswhen we go to bed. He'll
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playitandit’sjust likebreathing....it'slike breathing
techniques we'll do just to like, relax to go to bed. |
make fun of him about it sometimes, but [laugh] it is
very beneficial. It's just sometimes I’'m like | don’t
like doing this | just want to go to bed. [Participant
2]
Although not as frequent, some have also reported using voice
for group entertainment. In reference to the voice assistant led
trivia
it's pretty much music trivia and they’ |l play a snippet
of a music. Yes, and it's just fun if people are over,
it'slike a pastime kind of little gamethat doesn't, it's
not intimidating people the whole group can play.
[Participant 2]
Yes, we have at friends’ houses before we don’t do it
regularly though ... but we should utilize the game
more often because it was fun. [Participant 3]

Theme 7: Context and Convenience

Context played a major role in how women perceived their
i nteractions with voice technol ogy. Women also discussed how
voice interventions could be weaved into their daily routines:

in like, like a convenient setting like if | could have

it, so one of the things that our Alexa does in the

morning is like a morning news update and they'll

just give us like a 5 or 10 minute update about like,

what's happening in the news something like that

could happen like today in your pregnancy and or

like this might be a topic if you're interested in that

would bereally cool then | could just listento it while

I’m getting ready in the morning. [Participant 4]
Women favored voice interactions, which were convenient. A
number of women reported that they did not regularly use the
voice assistant on their phones (ie, Siri) because of frustration
or alack of understanding. General sentiments suggested that
voice interaction could be challenging:

| mean, it's come a long way compared to what Sri
used to be used to be even wor se, but in terms of what
you can do, or how you ask a question matters a lot.
What exactly you say mattersa lot as to what type of
response you're gonna get. [Participant 9]
Outside of the home setting, no voice use was preferred over
Siri. In the home setting, Alexa-enabled devices were favored
over Siri-enabled smartphones:

| find that Sri doesn't work as well for me, my
husband’'s much better at it. | am much more
comfortable using Alexa. | find that it responds better.

Yeah, well, | mean, like we use that because
everything in our house istied into Alexa ... but like
if I'm somewhere else, like, | won't use Sri on my
phone. [Participant 9]

| do use Alexa at homeand | don’t really use Sri that
much on my phone though. [Participant 4]

However, the value of voice-enabled smartphones increased
when participants needed to be hands-free, particularly in cars.
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Even if a participant reported not using voice routinely on their
phone, they did in the car:

No, | don’t use Siri. I’ ve found that she doesn’t really
understand what | say. So, | don't tend to use it. But
| do have, like, voice recognition in my car that | use
alot. [Participant 5]

Especially thinking about being able to use it in the
car, you know, to be able to get in and ask the app to
you know, play me episodes about, you know hygiene
or whatever. [Participant 6]

Finally, women stated that it would be beneficial to have voice
assistants to help them communicate with their health care
providers and/or receive laboratory results. However, users
wanted to have control over voice technol ogy-communicated
medical information:

I think it's If it becomes convenient, and there are
less hoopsto jump through to be able to communicate
to healthcare providers, then heck yeah, I'll use it.
[Participant 6]

If | had lab results and it came through and Alexa
waslike, Hey —you have new lab results, do you want
to hear them? | would love that...If I'm having a
dinner party, I'd probably say no not right now. You
know what | mean? If there’s people over, | could see
why | would want to defer it. [Participant 3]

Specifically, women indicated that it was more convenient to
listen to the intervention compared with providing feedback,
particularly relevant with regard to user context. One participant
reported the following:

| actually didn't really likeit. | didn’t really want to
like give the vocal feedback when | was out and about,
likeinmy car listening to it or likein an airport... So
if somebody were to give, if this were to be an app,
and someone was trying to give feedback, it could be
definitely a distraction thing if they're driving and
trying to give feedback. [Participant 5]

Discussion

Principal Findings

Maternal child health remainsto be apublic health priority, and
practices to improve outcomes are urgently needed. As an
adjunct to clinical care, digital health interventions have the
potential to broaden opportunities to intervene when patients
may be most receptive to support [40]. The use of voice
technology in digital health is nascent, particularly among
perinatal populations. Thus, the goal of this study is to address
the question, “Can it work?’ [27] and provide evidence to
support or negate the use of voicetechnology in perinatal digital
health interventions. To address the primary research aim and
determine whether voice technology is an appropriate medium
toleveragein perinatal health, feasibility isframed in key focus
areas: (1) acceptability, (2) demand, (3) practicality, and (4)
adaptation [36].
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Acceptability

Acceptability was examined by how the individuals reacted to
the intervention, perceived ease of use, perceived helpfulness,
and intention to try podcast recommendations. At baseline, users
were more familiar with common smartphone features such as
text messaging, calendars, and apps compared with voice
technology. However, no users required additional assistance
beyond onboarding to use the intervention, nor did any users
provide feedback that the voice-based app was difficult to use.
Of the 239 podcasts listened to by participants, sentiment ratings
suggested that the content was favorably received, particularly
on thetopic of breastfeeding. Exit surveysindicated that women
were receptive to using voice technology asapotential platform
to support health. The findings also showed that participants
perceived the advantages/disadvantages of voice technology
depending on the device. On smartphones, voice assistantswere
perceived to have quick response rates, yet users complained
that the technology often did not understand them or provided
unsatisfactory answers. On smart speakers/devices, voice
assistants were perceived as convenient, but unnecessary and
unfavorable because of costs.

Demand

Demand was assessed by documenting intervention activities
and self-reported use of technology. As a percentage, overall
response rates to intervention activities (approximately 61%)
suggest a fair ability/interest in completing the study tasks.
Similar to other research [ 28], the participantsin our study were
technologically capable of reporting interactions with various
technologies before SMILE. However, at baseline, only 1
participant reported using a smartphone to listen to podcasts,
and during exit interviews, less than half of the participants
reported listening to podcasts outside of the intervention. Just
over half of our sample reported using voice assistants (11/19,
57.9%), dightly higher than the Pew survey data that reported
46% of Americans reported using digital voice assistants [41].
Of those with previous voice experience, 72.7% (8/11) had =1
year experience with smartphone voice technology and 60%
(6/10) had =1 year experience with voice-enabled devices in
the home setting. Baseline survey data and exit interviews
aligned, highlighting that hands-free, convenient activitieswere
a strength of voice technology. However, baseline surveys
highlighted case-specific usesfor voice technology (eg, setting
atimer, checking the weather), whereas exit interviewsreveaed
broad uses for voice technology (eg, games, communication to
more than one person, answering questions). Acrossall sources
of data collected, inability for voice technology to recognize
what the user was saying was a primary reason for nonuse.

Practical

Participants did not find the podcasts practical when they were
asked to refer to other podcasts for the background. Similarly,
participants did not find the podcasts practical when content
was not perceived as relevant to them. Participants desired
content that was perceived as sensible, objective, and poised in
amanner that tempered prior knowledge with new information.
These findings support the use of cognitive load theory as an
intervention guide, emphasizing the importance of balancing
processing capacity relative to cognitive load. Regarding the
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practicality of intervention delivery, the voice was highly
sensitive to the user context. Several participants discussed
instances when intervention activities were either facilitated or
constrained (ie, listening/speaking in public vs private). For
instance, intervention delivery was favorably perceived during
multitasking situations when users desired to be hands-free (eg,
driving). Conversely, intervention activities were negatively
perceived when in public settings or when with friends or
colleagues outside of the woman’s immediate perinatal social
support system (ie, friend vs spouse). To build upon these
strengths and limitations, intervention activities should be
available on demand and able to satisfy user needs at the
moment. For example, the podcast duration should be able to
accommodate activities such as driving, both short (10-15
minutes) and long commutes (3-4 hours).

Adaptations

As such, a number of adaptations are recommended for voice
interventionsto best align with user situations. Our data suggest
that voiceintervention activitiesthat deliver persond or sensitive
information or require quick response/feedback may be better
suited for delivery on smartphones. Conversely, voice
intervention activitiesthat are more general may be better suited
for delivery via smart speakers, which may also be an
opportunity to engage other members of the family or social
support. Although participants did not directly discuss using
SMILE with others, many did see an opportunity to engage
spouses and extended family members (eg, other
children/siblings). In joint mediaengagement, morethan 1 user
jointly may engage with atechnology and, consequently, support
prescribed activities[42], whichisapotential strength for voice
technology. Depending on delivery and users, voi ce technol ogy
has the ability to support stealth health promotion, wherein
efforts are perceived as an activity spent with family or friends,
and the target of the intervention (eg, stress management) isa
side effect but not the primary motivator of participation [43,44].

Voice | nteraction and Podcast I ntervention Use

Similar to attrition found among digital health interventions
[45], SMILE data suggest user attrition over time. As a
prototype, SMILE was rapidly designed for this population to
gauge user responses to voice technology in terms of listener
preferencesfor duration, timing, and interaction. The sequence,
number, and duration of SMILE content were fixed. After the
14th podcast, the episode duration was dlightly longer (ie, further
away from 5 minutes, closer to 6-8 minutesin duration). Asthe
intervention was delivered via smartphone, users could see the
title of the podcast and duration, which could biasthemtolisten
or not. User preferencesfor learning may al so have contributed
to attrition. Some women reported personal preferences for
learning (eg, like to see things versus hearing, go at my own
pace), which may have been in contrast to how theintervention
was designed. Given the documented need for perinatal support
and value placed on digital health tools by perinatal women,
particularly those tools that are multifunctional [17,28,30,46],
we believe there is value in pursuing both voice and visua
interventionsin perinatal health. Specifically, our findingsalign
with other research [26,47], suggesting a need to address the
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inefficiencies of voice navigation (eg, pace, duration, ability to
choose from alist of options).

Podcastswere purposefully sel ected based on recommendations
from the literature; therefore, our findings reaffirm previous
literature and the importance of topics such as breastfeeding,
infant dleep, parenting skills, and pregnancy self-care. Similarly,
we aso found that women prefer tailored content, which is
relevant to their needs, practical, unbiased/objective, and
available on demand [17,28]. However, we discovered that the
potential benefit of delivering perinatal health information via
voice isthe ability of women to digest perinatal health content
while multitasking. Thus, the intervention could be woven into
daily life. However, voice interventions are highly sensitive to
context. As such, design and interactivity must be agile in the
user context. For example, a number of women reported
listening to podcasts while driving. Voice interventions must
be careful not to place individuals in harm during use (eg,
distracted driving). Similarly, a number of women
discussed/envisioned listening to podcasts during 3 am feedings.
Thus, postpartum voice interventions, in particular, would
benefit from adaptive volume control, such as Amazon’s Alexa
whisper mode.

Digital tools to support management of daily activities were
common among our sample, specifically calendar use.
Maternal-infant interventions deployed/accessed through
voice-enabled devices in a shared setting (eg, home, car) have
the potential to reach beyond the woman alone, to include socia
support members (eg, spouses, siblings). Perinatal interventions
that aim to engage users may want to leverage such information,
as research has shown that the value of something isincreased
if the activity can serve morethan one need [44,48]. Qualitative
findings from this pilot highlight opportunities to expand
perinatal health promotion efforts beyond individual women to
include spouses/partners using voice technology. Irrefutably,
evidence showsthat pregnant women need the support of caring
family members, friends, and health professional s[49]. Research
and interventions are required to provide partners of pregnant
women with evidence-based information and support whole
families during the perinatal period [50]. Evidence shows that
men who attend antenatal care express concerns about being
excluded and left feeling disappointed [30,51]. Programs that
support new fathers need to help form realistic expectations,
provide information ahead of time, and provide information
about the possible changes in their conjugal relationship and
how to develop related coping strategies. Our findings suggest
that voice interventions are strengthened by individual user
profiles. Voice research also suggests that userstend to explore
lessand choose higher-ranked items, which could be apotential
limitation of individualized voice content unless options are
personalized, yet diverse to expose usersto broad options[26].
In exit interviews, Alexa was the most commonly mentioned
smart speaker. When the study was conducted, Alexa did not
support individual user profiles. However, both Google Assistant
and Alexa now support individua users through voice
recognition technol ogy.
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Privacy and Security

Privacy of voice technology is complex and serves as an
indicator of voice intervention acceptability. The findings
reflected participant concerns over health data privacy and
patient control over information sharing (ie, sharing datawhen
and with whom). However, recent findings from a systematic
review found that few voice assistant research studies reported
privacy or security concerns associated with voice assistants
and no studiesrefer to proprietary challengesthat can arisewhen
using commercial devices[25]. Therefore, we strongly advocate
for transparent research and reporting when using voice, raising
standards accountable to the scientific community and the
participants they serve. Such methods may includelay language
to explain what data are being captured, how data are shared
and their intended use, potential for security breaches, and
optionsfor participantsto participate fully or partialy (eg, delete
partial transcripts).

Although some women were enthusiastic about using voice to
receive and share medical data with their health care provider,
at this time, there is not enough evidence to support the safe
and effective use of voice between patients and providers.
Reliance on conversational assistants  for
actionable medical information represents asafety risk  for
patients, and in someinstances, may pose harm[52,53]. Further
research is necessary to forge confidence in voice technology
and explore methods to mitigate safety risks. Developers and
health technology experts should explore opportunities to
broaden voice technology use; however, transparency
about partnerships and data use is ethically prudent as device
capabilities expand [52,54].

Contributionsto the Literature and I mplications for
Future Research

Findings from this feasibility study suggest a role for voice
technology in maternal-infant health efforts; however, the size
of the role has yet to be determined. A systematic review of
voice assistant technology used in behavioral health research
found that, from alimited number of studies, voiceinterventions
were in the early stages of development with limited efficacy
testing [24]. With the proliferation of voice-activated devices
(eg, Apple Siri, Google Assistant, Amazon Alexa), there is
substantial opportunity for empirically supported voice-enabled
health solutions. Owing to dramatic improvements in voice
recognition accuracy and intelligent conversational agents, voice
assistant technology allows for true hands-free operation and
conversation, increasing flexibility and efficiency.

Our findings further demonstrate the feasibility of capturing
datafrom perinatal populationsthrough voice. Voicetechnology
is a novel strategy to collect data and interact with perinatal
populations beyond the clinic. The benefit of using voiceisthat
speaking/talking is naturalistic across diverse popul ations. Voice
technology may help to reduce barriers associated with literacy
(eg, spelling errors, mistyped words), support formative
assessments, and engage social support beyond just the patient.
In our future efforts, we plan to explore whether voice-captured
data differ from other just-in-time data collection strategies (ie,
do participants ramble or provide longer voice responses; how
do voice data capture differ/align with text message data
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capture). Although improving, challengesto voiceinclude errors
intranscription (eg, tone, rates of speech), understanding various
accents and medical terminology (eg, mispronunciation or
misuse), and deducing user intent from context, that is, intent
schemas to facilitate custom interactions with users [55].
Research in this area is critical to avoid user frustration and
potential abandonment if the system does not understand or
does not reflect user intent (ie, does not respond appropriately).

We believe that the proposed project is a vital first step
necessary to elucidate how digital health, particularly voice
activation, may beleveraged to promote positive perinatal health
behaviors and reduce maternal/infant morbidity and mortality
rates. This formative evaluation provides evidence to suggest
that a perinatal educational support program using voice
technology is acceptable among a group of pregnant women
and has the potential to engage spousal and familial support.
The findings will be iteratively combined with our team’s
current effortsto partner with key stakeholders (ie, low-income
families, community health workers, health care professionals)
in the development of a perinatal digital health platform with
voice-enabled capabilities. Future efforts focused on voice
should explore the feasibility, usability, and effects of voice
interventions delivered through different voice-enabled devices
(eg, smartphones vs smart speakers).

Limitations

SMILE represents the pilot work necessary to guide voice
technology intervention use among perinatal populations. As
such, the study was limited by a small, predominantly White,
and married (2-parent) convenience sample and short study
length. Similar to other digital health research in this population,
moving forward, it will be necessary to engage women from
socioeconomically disadvantaged backgrounds and rural
locations to determine if intervention needs differ from this
sample[17,54]. Detailed assessments of sociodemographic data
and gauges of health and technology literacy were not captured
in this study. In future research, lessons learned from this pilot
will be used to conduct longer studies across diverse
populations, to also include assessments of health literacy and
technology proficiency. Despite efforts to reach postpartum
women, our study only included pregnant women. Evidence
suggests that reaching postpartum women is challenging;
however, web-based recruitment strategies have been shown to
increase interest/screening of postpartum women in health
promotion research [56]. Other strategies worth exploring
include recruiting women, infants, and children, health care
providers, and mother-baby groups[57,58]. Another limitation
wasthe basic functionality of the tested technology (voice-only
interactions via mobile phones without multimodal and/or
tailored content). However, the study and intervention were
conducted to address the feasibility of using voice in perinatal
populations and to provide a jumping off point for future
research. As such, the effects of the app on perinatal health
education and health outcomes were not measured.

Conclusions

This study is one of the first attempts to develop and evaluate
the feasibility of a voice technology app to promote positive
self-management skills during the perinatal period using
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evidence-based podcasts. Our findings suggest that how
pregnant women use digital health interventions differ not only
between visual and voice but also between the type of device
used. In addition, we collected feedback through voice
interactions. The findings support further development and
usability testing of voicetechnology to promote maternal-infant

Militello et al

health outcomes. Given trajectory and market growth, the
necessity for hands-free interaction with interactive voice
deviceswill beagrowingindustry acrossall customer segments.
The development of empirically supported interactive voice
solutions should be a priority to address thisinevitable need.
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