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Abstract

Following discharge from the hospital, substantial challenges await parents of preterm infants. In this work, we
focused on the development of novel capture and access technologies that enable improved record-keeping by
parents and sharing of collected data with healthcare providers. Based on semi-structured interviews with 18
parents and 11 providers, we designed a system, called Estrellita, to support parents in the recording and
monitoring of the following indicators: weight, appointments, diapering, bonding activities, baby moods, and
parental mental health. An evaluation of the clinical impact of using Estrellita is currently underway.

Introduction

Recent advances in perinatal and neonatal care have resulted in increased survival of low birth weight and critically
ill infants™ "°. Although infants with prematurity and other birth complications have lower mortality rates, the impact
upon future child development is unclear. Not only may long term management of ongoing complications be
necessary, but some developmental concerns may take time to emerge’'. Low birth weight infants are at risk for
delays in cognitive, language, motor, and sensory processing skills, as well as other health issues” '’. Previous
research also suggests that parental health and well-being can significantly impact on infants” health and well-being.

Following discharge from the hospital, substantial challenges await parents, including the burden and stress of
caring for their children, the additional effort of documenting infant progress, and confusion and difficulties in
communicating with clinicians, friends and family about their children. Research supports regular developmental
monitoring to provide early identification of developmental delay and consequently early intervention as a way to
minimize the long-term effects of developmental delay® '”*'. Advances in computing technology and the popularity
of smartphones have made it feasible to conduct remote monitoring that can lead to early identification of problems.
In this work, we focused on the development of novel capture and access technologies' that enable improved record-
keeping in terms of both the burden of collecting records by parents and clinicians, and the reliability and accuracy
of collected data. We also developed visualizations to support the understanding of these interventions for both
parents and clinicians. In this paper, we describe a formative study of the needs of both parents of and providers to
preterm infants and the design of a mobile capture and access system, Estrellita, emerging from our findings. We
close with a brief discussion of our current work in evaluating the health and behavioral impacts of this system.

Related Work: Past Intervention Programs and Technological Solutions

Capture and access technologies have been used in research and in commercial products to help parents record data
about their infants, after they have been discharged from the hospitals. The majority of these commercial
applications (e.g. Trixie Tracker'®, Baby Insights®) typically focus on helping parents to track health information like
the infants’ feeding times, diaper changes, and sleep schedules. However, many of these systems tend to favor an
overly flexible design whereby parents can track almost anything. In our work, we have found that this approach can
be burdensome and overwhelming for parents, particularly when caring for premature infants.

Kientz ef al. developed BabySteps'’, a system for monitoring developmental milestones in children with the aim of
providing earlier diagnoses for conditions such as autism. They found that parents were willing and able to record
information about their children’s progress, particularly when sufficiently motivated through the creation of personal
artifacts like photo albums. Our work differs from BabySteps in that our system, Estrellita, captures a different set of
infant-related health information and is mainly targeted at data capturing via mobile devices. In addition, we are
interested in tracking both parental and infant health information, as we intend to show that such record-keeping can
potentially lead to better developmental outcomes for premature infants.

Preliminary Work and Research Methods

This work builds on a study of parent use of smartphones during a three-week exercise intervention’. Ten caregivers
were trained to perform an assisted exercise intervention with their newly discharged preterm infants at home. Half
of the participants used a smartphone application, FitBaby, to log their adherence to the intervention and to



communicate concerns with clinicians and the research team. The other half logged their activities using paper-
based forms. The research team found that the accuracy and regularity of the records improved in the phone
condition. However, the study also raised many concerns. In particular, the phones did not become a part of their
daily lives, and both parents and clinicians requested greater visualization and feedback on the data being collected.

To follow up, we conducted a study to uncover the issues most important to both parents and clinicians. Over the
course of several months, we conducted semi-structured interviews with 29 participants in Southern California. These
individuals included 18 caregivers with primary responsibility for caring for a preterm or high-risk infant (17 mothers
and one aunt). Interview questions included concerns about caring for their infants, their strategies for preparing for
the birth and discharge from the hospital, quality of communication with various providers, strategies for getting
help or finding information when needed, and considerations for the design of technologies to support their needs.
Interviews lasted approximately an hour and were audio-recorded and transcribed. We also interviewed 11
providers: pediatricians, nurses, psychologists, social workers, and case managers. Providers were interviewed in
groups when possible to support varied discussion. Interview topics included their perceptions of what parents are
most concerned about, how to integrate data collection and sharing into the clinical workflow, and any other
concerns the professionals had while caring for these infants and their families. Interviews were recorded and
transcribed when permitted (n=8), and notes were taken for analysis.

In this paper, we focus on the data collection and visualization aspects of the considerations that emerged from this
work. Four researchers analyzed the transcripts looking for data elements that can and should be collected, meeting
regularly to discuss and categorize those data elements that should be included in a data-capture system. We also
invited two providers to join the design team in developing the final application, and they began to attend the regular
meetings and provide input on which data to collect and how.

Estrellita: A Mobile System to Support Recording Infant and Caregiver Data

This research seeks to support parents in two goals: (1) to record, communicate, and understand data collected about
their infants on a frequent basis and (2) to improve parent and clinician feelings of efficacy as well as quality of
care. In this section, we detail the specific health indicators in need of documentation that emerged from our
preliminary work and interview study. We also outline both design recommendations for collecting these data as
well as the specific design choices present in our application, Estrellita (Fig 1), to support these needs. Estrellita is a
combination of a mobile application for parents and a secure web-based application for providers. The smartphone
platform allows for mobility, flexibility, and one-handed operation, while the web-based platform allows for
viewing of data at multiple levels of granularity and supporting multiple patients at once. Both designs emphasize
reflection over input, with both parents and providers viewing summaries of data before reaching data entry screens.
The mobile application also includes persuasive elements to encourage parents in healthy behaviors and activities.

Figure 1. (left) Overview screen for the Estrellita mobile application; (middle, right) Estrellita website screenshots

Weight: Healthcare professionals interviewed all indicated that weight has a strong correlation to the baby’s health
and, in particular, they would be concerned if even a week passed without the baby gaining weight. However, many
clinicians also raised concerns about parents dwelling too much on day-to-day weight fluctuations. Thus, systems
designed to support collection of weight data for preterm infants must provide guidance around the appropriate
frequency of such data collection as well as visualizations that help smooth or hide the kind of daily fluctuations that
might cause unnecessary concern. Estrellita prompts parents to record weight data once per week and will not allow
more frequent input of this element than that. When parents record these data, they are also required to take a picture
of the infant on the scale. Thus, if major fluctuations are seen, a provider can review these images to ensure the



infant was being weighed in a consistent manner and talk parents through any problems in the data collection. Both
parents and providers can view simple line graphs showing the weight over time as well as zoom in on specific
details, such as time of day of the entry. Any drop in weight will trigger an alert encouraging parents to contact their
infant’s pediatrician. Registered providers, such as a pediatrician, can also request to receive these alerts.

Appointments: Many preterm infants have frequent and sometimes repeated visits to multiple specialists. The sheer
number of appointments can be overwhelming to parents, as well as the onerous task of tracking the different
doctors and service organizations. Preterm infants can experience adverse effects from poor appointment attendance
rates. Unknown to many parents, there are resources available, under specific circumstances, to aid parents in taking
their preterm infants to appointments. For example, high-risk infant follow up programs sometimes have limited
funds to help with transportation to appointments. Thus, any system designed to support appointment attendance
should not only remind parents about upcoming appointments but also query them prior to the appointment about
any barriers to attendance — enabling referral to social service organizations that can help with some of the barriers.
In Estrellita, parents can add new appointments (Figure 2), which are then stored in both the Estrellita application
and the phone’s built in calendar system. Parents can also add notes to the appointments (e.g., questions they want to
ask a provider during the appointment). Estrellita queries the parents two days prior to the appointment about their
likelihood of attendance and any issues that could be addressed by a case manager who is monitoring system input.
Finally, because parents are often the only communication between the infant’s healthcare providers, the system
should give parents an opportunity to document experiences for easy recall later. The notes field in Estrellita allows
parents to record advice or recommendations from the appointment with a provider (Figure 2).

Diapering: Even more than feeding schedules, diapering can be a strong indicator of infant health. In fact, even in
healthy babies, soiling a diaper is a prerequisite for leaving the hospital after birth. Healthcare professionals ask
parents to track diapers because of its strong correlation with the baby’s digestive health. Pediatricians in our study
reported that many unnecessary calls they receive from concerned parents center around the contents and frequency
of defecation. Thus, any system designed to monitor infant digestive health and to support parents must not only
allow parents to record the number of dirty and wet diapers but also to take pictures of any diapers that are of
concern (Figure 2). In this way, a physician or nurse can quickly examine the diaper contents and determine whether
an additional follow-up call or visit should be made. Likewise, for non-urgent concerns, parents can reference these
images during a well-baby visit, specialist appointment, and so on.

Bonding and Developmental Activities: Parents often leave the NICU deeply concerned over the medical fragility of
their infants, even when those infants do not have substantial complications beyond their low birth weight. Thus,
parents of premature infants can neglect bonding activities in favor of addressing the medical needs of the baby or
find it challenging to bond and play with their children in the same way they may have done with full-term children.
Daily activities designed to support infant development and parental bonding may have a positive impact on the
health and development of these infants as well as the emotional wellbeing of their parents. Thus, any system for
this population must encourage activities that can improve parent-infant bonding and reward parents for doing these
tasks. Based on the input of the providers in our study, in Estrellita, we encourage parents to conduct five such
activities: reading, singing, and talking to their infants, as well as taking them for walks outside and doing “tummy
time” with the babies. Each day, parents can log simply whether they did any of these activities, and as they check
off these items, the icons representing them turn from black and white to color on the widget on the home screen of
their phones. If parents log no activities for a day, then at the end of that day, they are prompted to record data about
them. Finally, messages of encouragement are presented periodically on the home screen to praise parents (Fig 2).

Baby Moods: New parents often realize that something is wrong with their baby, but do not know precisely what the
problem is or what they should be recording about the incident. In these cases, parents sometimes reference how
“fussy” their baby is as an indicator of when there might be important health concerns to pay attention to. Although
this symptom is qualitative and subjective, it can still be an important clinical indicator of a pattern that could be
problematic. Thus, systems should support a general indicator of infant wellbeing, such as fussyness. Estrellita
accomplishes this goal through use of the “fussy-o-meter,” a simple 10 point scale visualized as a speedometer.
Parents can choose their infants fussiness rating and also add any additional notes to explain what they think might
be occurring. Both parents and providers can then view graphs by day (showing average ratings per hour), week
(showing days), or month (showing weeks) to attempt to uncover any patterns in the data.

Parental Mental Health: Post-partum depression can impact infant development® and may be as high as 40% among
mothers of premature infants®. In addition, high levels of parental stress are correlated with maladaptive parent-
infant interactions'> ¥, lowered cognitive resilience of infants'’, and increased stress among children as they grow’.



Thus, systems should support collection of validated clinical information on stress and post-partum depression. In
the case of Estrellita, parents are encouraged to take short surveys on their devices once per month to assess their
perceived stress’ and post-partum depression®. Problematic scores are flagged on the provider’s interface to allow
case managers to make referrals for parental mental health care. Although these scales are useful for clinicians to
assess risk for severe problems, they are less useful as tools for parents to reflect on their own patterns. Thus,
systems should also incorporate some way to encourage parents, in particular mothers at risk for post-partum
depression, to reflect on their own stress, anxiety, and depression levels. In Estrellita, the Mood Map'? provides an
opportunity for parents to record and reflect on their own moods. The tool is a visual representation of the
circumplex model of emotions, which plots most major emotions on two dimensions of high/low arousal and
positive/ negative affect'®. Preliminary work with this tool has shown utility in helping people to reflect on their own
emotions and take steps to improve their emotional state. Additionally, messages of support and education around
stress and depression are delivered periodically via the Estrellita application and, similar to the bonding activities,
displayed on both the home screen widget and in the parent inbox.
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Conclusions and Future Work: Evaluating Estrellita

We are currently conducting a randomized control trial to evaluate the feasibility and impact of using Estrellita in
the home and in the clinical setting. Half of the parents will receive a smartphone plus Estrellita; the other half of the
parents will receive standard care, that is, no phone and no software. We will use open-ended and structured
interviews and clinical evaluations to assess parent activation (motivation and self-efficacy to advocate for the
children’s health), bonding with children, and infants’ developmental indicators. Interviews will occur two, four, and
six months after discharge from the Neonatal Intensive Care Unit. We expect that parents who use the Estrellita
application will report higher activation and bonding with children than parents who receive standard care. We also
expect small improvements in the developmental indicators among infants whose parents used Estrellita. We will
also examine the provider workflow surrounding the use of Estrellita data. When all of the indicators are “normal,”
no action is required. When problems can be detected, however, providers will take action based on these data as
described throughout the previous section. This study will reveal valuable information about the benefits and
challenges of using mobile technology to support parents of preterm infants, enhance parent-healthcare provider
relationships, and ultimately improve preterm infants’ medical and developmental outcomes.



Chronic conditions in childhood raise unique concerns over the lifetime. Premature infancy, while a challenge and
burden in itself, also correlates to many chronic pediatric illnesses and developmental disabilities, warranting
additional monitoring and care. However, current practices and tools do not well support the stressed and anxious
parents of preterm infants nor their large and dynamic network of providers. Additionally, collection of data with
currently available tools does not afford examination on both a personal, short-term level as well as long-term and
population-based analysis. As clinics are increasingly not the primary site of care for these and other pediatric
patients, home-appropriate record-keeping and support tools must be developed. Based on preliminary work with a
different mobile tool and an interview study over several months, we have developed Estrellita, a combination
mobile and web-based application to support premature infants and their caregivers. We are currently evaluating the
impact of this system. In the future, we hope to expand on this work through both a larger trial and a longitudinal
study to examine the potential for impacts on these children as they grow and develop over years or even decades.
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