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ABSTRACT

We describe the design and deployment of Calmer, a
technology that simulates key aspects of maternal skin-to-
skin holding for prematurely born infants: its inspiration,
approach, physical design, and introduction into the
Neonatal Intensive Care Unit. Maternal skin-to-skin holding
can mitigate neonatal pain during medical procedures by as
much as 50%, which can improve weight gain, sleep and
later development. However, parents cannot always be
present, and some infants are too fragile to be held.
Interventions targeting this gap could be perceived as
supplanting the mother in this intimate role, exposing her to
depression and endangering her maternal bond. Over 10
years, we iteratively developed Calmer and demonstrated
infant health benefit in a randomized clinical trial. Here, we
report and reflect on pursuing this goal in a socially and
technologically complex context: constraints, strategies,
features, reception of the device, and surprises, such as
leading to mothers feeling channeled rather than replaced.

Author Keywords
Premature infants; neonatal intensive care; NICU; pain
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CSS Concepts
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INTRODUCTION

When a mother holds an infant on her chest, it experiences
the warmth and touch of the mother’s skin, the sound of her
heartbeat and the breathing motion of her chest. However,
when a baby is born weeks or months too soon, it struggles
to survive in the Neonatal Intensive Care Unit (NICU),
where it is dwarfed by complex machines dedicated to saving
its life, and at the same time is deprived of crucial maternal
contact. Yet, this intimate contact has major benefits for
premature infants: it reduces standard pain indices in
neonates by as much as 50% [9], improves infant weight
gain, sleep, and blood oxygenation, and thereby reduces
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Figure 1 A prematurely born infant laying inside an incubator on
Calmer experiencing skin-like material, breathing motion and
heartbeat sound replicated from her mother.

hospital stay [14,29,43]. However, most mothers can only
visit for about three hours per day, and fathers for even fewer
[27]. Even when parents are present, infants may be too
medically unstable to be held, and parents reluctant to disturb
staff or anxious about causing harm to their fragile infant.

Our team of clinicians and researchers saw a potentially
high-impact design opportunity in physically simulating key
aspects of maternal skin-to-skin holding for premature
infants when a parent is not present. From the perspective of
the health and functioning of the family unit, however, this
approach could be problematic. A mother’s inability to help
her infant can create feelings of alienation, role conflict,
guilt, frustration and depression [24,38,64,67], exacerbating
already-high stress levels and impeding emotional
connection with her child [23,63,73]. A perception of
maternal replacement is unhelpful here. The NICU nurses are
key stakeholders, crucial allies for advancing new practices.
They are protective of family relationships and deeply wary
of situations that could exacerbate family stress.

In developing an intervention, we thus faced a complex
balance: design a technology that simulates maternal holding
while considering the NICU’s technical and social context.

In this paper, we unpack the process through which we
ultimately arrived at an effective design that met our
objectives. Calmer is an actuated platform placed in an infant
incubator, administering breathing motion, heartbeat sounds
and skin-like tactility to an infant lying on it (Figure 1). We
describe our 10-year design path, summarizing findings from
testing Calmer in a pilot deployment and then a clinical trial
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for efficacy. We also present a qualitative interview study,
with parents whose infants experienced Calmer and NICU
staff who treated them. As we report and reflect on designing
Calmer, we extract key take-aways from our approach to
designing within a complex and constrained environment
like the NICU. A considerable focus in our work became the
objective of replicating yet importantly not replacing
maternal holding, an intimate human action and practice
offered at time of fear, hope, life or death, and with
challenges around significant maternal stress which could
include consequences as serious as postpartum depression
and altered mother-child bonding. As the designed outcome,
Calmer serves as an exemplar for HCI that itself is
emblematic of its multi-faceted design features and strategy.

RELATED WORK

Background and related work fall into two main areas:
clinical background on prematurely born infants
underpinning our design efforts, and works within HCI
concerned with designing for a hospital context, consciously
automating human actions and design-led research.

Clinical Background

Each year worldwide, over 15 million infants are born
preterm (less than 37 weeks of gestation) [11]. Separated
physically from their mother to ensure their survival, these
infants undergo painful, repeated, but medically necessary
tests and procedures. Both the early birth and this early pain
exposure generate a severe mismatch between the baby and
its natural environment. The Synactive Theory of
Development suggests that realigning crucial aspects of the
NICU experience with the in-utero environment from which
the infant was separated can protect the developing brain [1].
This restoration of the in-utero environment is considered to
be important by researchers, clinicians and families.

Impact of pain in neonates and pain mitigation strategies
Preterm infants can remain in the NICU for weeks to months,
repeatedly undergoing essential but painful care-related
procedures (e.g., heel lance for blood sampling). They may
be subjected to 5-15 painful procedures a day, each
procedure inducing behavioral and physiological instability
[60]. Early, repeated pain exposure can induce long-term
damage to many developing systems [57]. It is associated
with reduced physical growth and altered stress system
programming [30,36,70], damaged brain microstructure and
processing [8,19,79], and long-term, altered brain development
[31,55,56,58]. Moreover, neonate pain exposure can have
damaging effects on mothers causing trauma and stress [71].
The bonding to their babies can be lacking and mothers often
feel hopeless, helpless, useless or inadequate. Maternal
depression due to these feelings can be a serious “side effect”
of preterm birth on mothers [23,71].

To treat pain, pharmaceutical medications are the first line of
treatment but some, for example morphine, has limited
efficacy for procedure-related pain in premature infants
[10,65]. Instead, mother-centered, touch-based behavioral
treatments are recommended as powerful alternatives [9]. A
technique called “kangaroo care” (also known as “skin-to-
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skin holding”) is one of the most effective of these [40,42].
When a mother holds the infant on her chest where it
experiences the touch and warmth of her skin, the sound of
her heartbeat and breathing motion of her chest, as much as
50% reduction of standard pain indices can be achieved [9].
The components of skin-to-skin holding simultaneously
activate multiple endogenous opioid and non-opioid
pathways to reduce pain [44,47,68].

Parents and Nurses

The premature infant’s parents are significantly impacted by
the slow, painful drama that plays out in millions of cases
each day in NICUs across the world. Deeply engaged with
their infant’s survival and well-being, they cannot always be
at the bedside; they may have competing responsibilities,
such as caring for other children, holding down jobs or
managing their own health. In addition, some preterm infants
must receive care far from home. As mentioned in the
introduction, even when parents are present, there are further
barriers to skin-to-skin holding.

As an alternative, facilitated tucking (FT) can be offered to
neonates as a pain management approach. It is a human-
touch-based holding strategy whereby a caregiver holds the
infants’ limbs, head and/or trunk throughout a painful
procedure while they remain in their incubator (see Figure
2a). FT is the current standard of care in some NICUs when
a mother is not available at the time of a procedure, but in
many others, it is considered impractical to provide because
nurses may be too busy to be physically present for each
procedure. They have multiple roles in a stressful work
environment: educator, role model, advocate for infants and
families, facilitator, and expert/authoritative caregiver [59].
Torn between obligations of technical expertise, human
focus and external advocacy which often conflict [22,26,59],
nurses recognize the importance and fragility of emotional
aspects of the parent-infant-bond.

Simulating Prenatal and Postnatal Environments to Neonates
Early clinical research points to potential value of simulating
aspects of the prenatal environment to neonates. For
example, researchers have suggested playing prenatal
maternal sounds in NICU incubators [20,51] and have
created and tested artificial circadian environments by
controlling lighting conditions through filtering mechanisms
[72]. Through the design of Calmer, we simulate postnatal
maternal skin-to-skin holding incorporating heartbeat
sounds, breathing motion and skin texture. Importantly, our
work moves into actual design and deployment.

Related Works in HCI and Design

Health-related HCI works in the Hospital and NICU

Health-related HCI has a rich history, and includes studies of
hospital deployment. However, environments vary
dramatically across and between hospitals, and there remains
a need for design exemplars in this broad area. We describe
a few selected works we see as related to our NICU context.

A project strongly related to ours is the design of Hugsy by
Claes et al. [13], a comfort kit for neonates to facilitate and
simulate maternal holding, which, like Calmer, records and
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plays mothers’ heartbeat sounds aiming to reduce pain of
neonates. Hugsy was qualitatively evaluated by stakeholders
in a clinical trial with positive results. Similarly, Versteegh
and Chen et al. [12,69], designed Mimo Pillow, which plays
maternal heartbeat recordings to comfort neonates. An early
prototype was tested in a pilot study and in a clinical study
with 19 infants showing positive results. In another example,
Croes et al [15,16] propose design concepts including a
child-rocking incubator mattress and the FamilyArizing
System enabling parents to remotely send a ‘hug’ to their
infant. Johnson et al. [39] designed aids facilitating family
member support in the Intensive Care Unit (ICU) in
hospitals, based on 22 interviews with both family members
and hospital staff, with the particular goal of not burdening
hospital staff. Similarly, we integrated practices and
constraints of hospital staff in our work.

In comparison, the Calmer project (which started in 2009
before these related works from 2012-2017), is set apart
through its combination of a long-term, multi-disciplinary
and thorough design process, offering multiple components
of skin-to-skin holding (touch, heartbeat sounds, and
breathing motion) simultaneously, and its pilot-study and
clinical trial with two design iterations tested in the NICU.
Designing for the NICU

Technology for the NICU, and specifically for an incubator,
is a unique design space with specific considerations and we
explore some of them in this paper. Others working in this
space are, for example, the company Phillips, which has
dedicated a significant part of their work to designing for
neonatal health care [81]. Industrial design researchers at
Technical University Eindhoven have examined improving
parent-infant bonding in the NICU [4,5,15]. Ferris and
Shepley [25] offer an overview of a human-centered design
approach to neonatal incubators. For this, conforming to the
needs and practices of various stake-holders of the NICU
environment is common practice [7].

Consciously and Empathically Automating Human Action
Our approach also relates to works that have looked at
designing technology automating human action in a
meaningful or conscious way. For instance, Davidoff et al.
[17] discussed automating parenting tasks in conscious ways.
Ozenc et al. [50], following a RtD process, designed the
Reverse Alarm Clock which tries to automate the parental
task of keeping children in bed, also a sensitive and intimate
task between parents and children.

Our work builds upon these works as another example in the
space, but with a specific focus on the NICU environment.
In our case, we balanced replicating maternal holding in a
way where the mother partly perceived herself as virtually
present in the appliance, thus did not feel entirely supplanted.

Additionally, there are related works in the area of human-
robot interaction that are motivated by replacing human
functionality [61,74] and by the convincing portrayal of
agency, personality, intelligence, emotion or other evidence of
humanity, life or self-ness. At the same time, this quest raises
legitimate concerns about personal, economic, and societal
impacts that machines with such capabilities exert [52,76].
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Design-led Research

There is a growing interest in HCI in knowledge
development through the means of design and design
practice [2,28,37,66,78]. In particular, the making of
artefacts has gained recent traction [e.g., 3,49,53,54], as they
can give form to novel solutions that would not be arrived at
otherwise [21] and help HCI researchers critically
investigate emerging issues.

We want to contribute to this growing body of research
where describing and reflecting on the process of arriving at
a final novel design can largely be a form of research in and
of'itself. Our work follows an RtD approach, applying theory
from neonatal development and pain research to address the
needs of preterm infants as well as their parents and
caregivers. In our unpacking of the Calmer project in this
paper, we cover lenses proposed by Zimmerman et al. [78]
in their original paper on RtD. Specifically, we describe and
reflect on insights from our long-term process of the design
of a novel invention in the realm of designing for neonatal
pain reduction, through replicating but not supplanting
maternal skin-to-skin holding—an important and intimate
parental practice. The relevance of our design solution is
demonstrated through a clinical efficacy trial. We next report
in detail on specifics of the long-running, complex design
process for developing our clinical device and later on,
discuss several lessons we learned from this process and
reflect on it as a way to extend this work for future research.

DESIGNING AND EVALUATING CALMER

The designing of Calmer encompassed not only the careful
making of an artifact —a medical concept and technological
implementation—but also, over 10 years, every aspect of its
introduction to nurses, the hospital’s ethics board and
families. While further iteration will occur, the project has
achieved critical milestones (a successful clinical efficacy
trial and support from staff) needed for it to gain traction, and
to support the present reporting and reflection.

In what follows, we first introduce the design team and its
background and speak to the initiation of the project. Then,
we detail our guiding objectives and requirements and report
on Calmer’s design stages along with the different ways we
deployed and studied two Calmer prototypes and the
encouragement and challenges we encountered.

Multidisciplinary Design Team

Our multidisciplinary team informed Calmer’s design over
time. The project initiator and leader (Holsti) is an
occupational therapist who worked bedside in the NICU for
20 years before moving into neonatal pain research. The co-
lead (MacLean) had been a haptics and human-robot
interaction (HRI) researcher for 20 years prior to the project
start. Other contributors included two NICU-trained nurses
who were part of the project leader’s NICU research
program; a capstone design team of undergraduate
engineering students who developed the first prototype to
specification; a professional engineering team hired to build
the second prototype; a senior biomedical engineer who
advised on NICU requirements; and a design researcher
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Figure 2 a) Facilitated Tucking; b) Test setup of Calmer I; ¢c) Image from the pilot study with Calmer I; d) Calmer II.

(Hauser) who focused on documenting the project and its
process. Other practitioners consulted included respiratory
therapists and a group of neonatologists. Only the first two
people were present for the entire time period, but every
person uniquely contributed to Calmer.

Serendipitous Inspiration: Robot Breathing and Stress

Calmer was inspired by the Haptic Creature, a furry social
robot mimicking a lap pet that interacts through emotive
touch [77]. Created to study touch-centered emotional
communication, the Creature renders emotion through
crafted breathing, purring, heartbeat, and ear stiffening.
When held by adult participants, this robot’s breathing was
found to decrease heart and respiration rates significantly and
make them feel happier and more relaxed [62]. Our project
leader saw the Haptic Creature demonstrated at a lab’s open
house. Immersed in the problem of neonatal pain and the
benefit of maternal skin-to-skin holding—of which breathing
and heartbeat are salient elements—she conceived the idea
of turning this technology “inside out” so that an infant could
lie upon it. She persuaded our haptics/HRI co-lead (who is
director of the mentioned lab) to help turn this basic concept
into a prototype, and the project and collaboration were born.

Design Objectives and Requirements

From the start, the primary goal of the Calmer project has
been to design and build a device that reduces pain in preterm
infants by simulating maternal skin-to-skin holding; and as a
result, potentially alter the standard of care in neonatal pain
therapy. Importantly, part of this goal has been to consider a
conscious and careful integration with the technological and
social complexities of the NICU environment. We now
describe three core design objectives which were developed
by the project team and align with the main goal.

(1) Conform to the needs and practices of multiple users and
stakeholders: Although the experience of maternal holding
as replicated through Calmer is targeted at infants, our
prototypes and their introduction had to work for parents and
NICU staff as well. Calmer could not disrupt the infant or the
staff caring for it; it had to be easily operated by staff, and fit
into their work practices. Imperatively, Calmer had to be
accepted by parents, despite them not being direct users.

(2) A helpful adjunct to care, but not a parental replacement:
We knew that it would be unacceptable for this technology
to be perceived as replacing parents. Maternal skin-to-skin
holding is by definition a mother’s role, and replicating it is
sensitive in the extreme. If Calmer were viewed as usurping
this role, its use in the NICU would be rejected by parents
and also staff because of the strong philosophical approach
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in NICUs to promote family-centered care. The project
leader was an advocate for this objective, based on a
professional understanding of the clinical situation and its
seriousness. The team understood that any mis-step in this
area could have terminated the project. From the beginning,
we were thus mindful of how the device would be perceived
by parents and NICU staff. The co-leader had experience in
imbuing robotic objects with life and affect via appearance
and movement. In the case of Calmer, we had to defuse the
appearance of such cues, yet still provide them to the infant.
Beyond mammalian forms, the risk extended to movement.
Breathing is a potently life- and emotion-evoking movement;
it can bring even a sponge-like blob to life [18].

(3) Meet the requirements of the NICU and a clinical trial:
A medical technology concept like Calmer cannot proceed
without clinical validation; thus it was important for us to
consider the need to work towards an eventual randomized
clinical trial (RCT) by deploying Calmer in a NICU to
determine its efficacy for mitigating infant pain.

In addition to supporting the planned RCT’s protocol
(programmable movement, start/stop, and physiological data
collection), Calmer had to be robust, durable, easily moved
in and out of the incubator, conform to strict hygiene
protocols, electrical and acoustic standards, and allow for
performance of routine and emergency procedures on the
infant. It also had to be operable by research staff without
supervision, allowing the principal investigator to remain at
arm’s length to avoid a conflict of interest in the results.

Early Considerations on Form

The preliminary idea was to create an inside-out Creature.
Two considerations further narrowed our approach to the
general form of our design. First, since premature infants
spend much of their time in an incubator and a NICU can
have significant space constraints, our design had to work
within an incubator. Second, in contemplating concerns of
perceived maternal replacement, the team made a
commitment to avoid any sense of “selfness” in the object,
through a bland, appliance-like form. This led to the form of
a motion platform, engineered to be as unobtrusive in
appearance, sound and function as possible.

Calmer I: Design and Implementation of a First Prototype
The purpose of Calmer I, our initial prototype (Figures 2b,c),
was to explore and demonstrate the feasibility of our
developing design with limited resources. While we did not
expect it to support a clinical efficacy trial, we wanted to
assess our design and engineering approach, and get a sense
of how infants, parents and staff would respond to it. This
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prototype needed to safely support repeated deployment,
under supervision for short intervals, during medical
procedures while infants were being tested for pain.

We developed Calmer I with an undergraduate engineering
student team, in an 8-month iterative process. We leveraged
both research and our own experience and knowledge
regarding preterm infant development and needs and the
NICU environment. Our approach was to simulate putative
pain-mitigating components of maternal skin-to-skin holding
through the modalities of breathing motion, heartbeat, and
skin touch, using tactile, auditory, and kinesthetic stimuli.

With the lead and co-leads’ guidance, the student team
defined four technical subsystems, detailed below. As part of
generating concepts for performing bodily maternal functions,
they evaluated existing related technologies [e.g., 82].

Respiration

Upon reviewing federal codes [80,83—-87] and codes and
standards of our test hospital associated with technology use
in the NICU, we chose to use pneumatic pressure (available
at cribside) for actuation to avoid electrical components in the
incubator which would then require isolation.

Calmer I’s respiration subsystem had four pneumatically
powered bellows that expanded and contracted under
pressurization to produce vertical motion. The rate of airflow
into the bellows was controlled by parallel solenoid valves,
opened in combinations to achieve the desired motion. When
stationary, the top plate rested on structural metal bars so that
CPR could be performed in an emergency. To mimic
breathing, the top plate raised and lowered 10 mm above this
base, in a smooth trajectory; the distance was determined
from sternal motion of an adult female breathing at rest
obtained using motion capture technology.

Heartbeat

To simulate the sound of a human heartbeat, we used a
subwoofer to produce pressure waves, located externally to
the incubator. The pressure waves it created were collected
and transferred by tubes to the device’s interior. Inside, the
waves spread within a sound box and were transmitted to the
infant through holes in the top plate. In operation, the
subwoofer repeated a single heartbeat sound clip. Volume
was limited to 55 dBA at the infant’s head, meeting
international standards for NICU noise.

System Control, Operation Interface and Personalization
Calmer I’s respiration and heartbeat subsystems were
controlled by an Arduino microcontroller with parameters of
respiration and heartbeat rates. These parameters were
adjustable by researchers and nurses with a GUI displayed
on a laptop. Motion could be stopped immediately (e.g. for a
CPR emergency) by shutting off the airflow at the bedside.

Considering both wanting to maximally replicate maternal
skin-to-skin holding and aiming to avoid parents’ feelings of
displacement, we explored the option of Calmer delivering
customized parental physiological rates. We implemented
the functionality of programming an individual mother’s
breathing and heartrate into this first prototype.
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Device Body and Contact Surface

Calmer I’s rectangular casing fit into an incubator as a bed.
The top plate was covered with a brown silicone membrane,
selected for cleanability and to replicate maternal skin
tactility and stiffness. All components used were confirmed
to be hygienic and cleanable to NICU standards.

The total expenditure to build Calmer I was $650.

Initial Evaluation of Calmer | through a Pilot Study

We conducted an initial randomized pilot evaluation on 10
infants to gauge feasibility of using Calmer for pain
reduction during a single, medically necessary blood test.
While 10 infants is too small a sample to statistically
determine efficacy, the data was encouraging. This was an
important step to the project’s future and to secure further
funding that would support a prototype iteration and a larger
clinical trial. For context, we next summarize this evaluation;
the full protocol, participant inclusion/exclusion criteria and
results can be found in [75].

Participants, Data Collection, Analysis and Findings

The study was executed by an independent NICU research
nurse and research assistant, ensuring an arm’s-length
protocol for a clinical study where the inventor is also the
research lead. Obtaining funding and ethics approval, study
setup, recruitment, analysis, completion, and publication
took about 20 months. We debriefed with the research staff
post trial.

10 medically stable preterm infants were recruited by the
research nurse and assigned randomly to treatments of either
Calmer or facilitated tucking (FT) (see Figure 2a and Related
Work). It was not ethically acceptable to use a condition with
no assistance when the standard of care includes it. Mothers’
resting heart and breathing rates were pre-collected and used
to program Calmer for each respective infant.

To evaluate infant pain, we obtained continuous 1-minute
samples of heart rate variability (HRV), a proxy measure of
physiological stress and stability, analyzed it for high-
frequency power (HF), representing parasympathetic (stress-
reducing) activity [48], and compared changes in HF at 3 pre-
defined procedural stages of Baseline, Poke (when the skin on
the foot is pierced to collect a blood sample) and Recovery.

Infants’ biological responses trended consistently with more
physiological stress reduction (higher HF change) in the
Calmer group. Specifically, mean (std dev) HF change from
Baseline to Poke was 3.8 (3.5) vs 42.3 (34.8) Hz/ms? for the
FT and Calmer groups respectively, demonstrating a positive
effect on heartrate variability (more stress reduction) in
infants receiving the Calmer treatment.

Within the caveats of a small sample, this was a stronger
response than we expected. It encouraged us to think we were
on the right path, and helped us access further resources to
continue the far more expensive steps to come. Regarding
infant comfort, we observed that the surface material seemed
to restrict some infants in moving their limbs, due to friction,
and noted it as an issue to correct. The NICU workflow was
marginally affected, in the realm of what the nurses
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considered acceptable but improvable. Collecting and using
the mothers’ individual breathing and heartrates was
feasible. We viewed this as a valuable feature to be explored
at little cost.

We received unsolicited positive verbal comments from two
parents whose infants were randomized to Calmer
treatments. One mother expressed relief in having a device
help her infant during blood tests, despite knowing the nurse
would be there. During NICU staff rounds, nurses and
physicians referred to Calmer as an “exciting new treatment.”

Based on these generally positive clinical and design results,
we secured funding for next steps in an application process
of about one year and proceeded to build a second prototype.
For this, we generated a list of desired improvements from
our own perspective as well as informal staff feedback. This
included replacing the laptop interface due to its
intrusiveness, and minimizing cables and tubes. While
effective, the pneumatic actuation was cumbersome because
the bedside air supply was needed to run ventilators and other
breathing devices. General robustness of Calmer I was also
inadequate for a longer-term deployment.

Design Changes for Calmer Il

A larger clinical efficacy trial demanded greater NICU
operability, which was a main objective for Calmer II
(Figure 2d). We needed to maintain infants on the device for
a short exposure during a single painful event followed by
approximately eight hours of continuous operation. This
triggered many new requirements. Extended exposure would
allow us to investigate Calmer’s impact on infants’ physio-
logical state during both rest and periods of routine care; the
latter would now include a greater variety of procedures
including those which were non-painful (e.g., diaper
changes), but which can induce similar stress responses [32].

This re-design was executed by a professional engineering
team in consultation with our leader, co-leader and team
engineer, and took 18 months. We implemented several
changes while keeping with our essential objective of an
“invisible” unobtrusive incubator insert. Key changes in
Calmer II included changing the power source to an external
electric motor for flexibility and mobility; this was a major
investment that required electrical isolation and then
iteration to reduce motor sounds. We had to assure materials
were X-ray compatible for on-bed radiology. The skin-
simulating covering was exchanged for a dual-material
solution to improve infant comfort and mobility: a firm
silicon pad covered by a low-friction biocompatible GORE-
TEX® which better replicated the maternal sternum while
meeting hygiene and infant comfort needs. For the staff
interface, we replaced the laptop with a custom controller for
more compact, streamlined access, consisting of a hand-
sized molded plastic case with a screen, dedicated buttons
and hung on a hook on the incubator’s exterior. An
emergency stop button (e.g., when CPR has to be performed)
was added to the power box. A series of tests were devised
to confirm it could meet robustness requirements.

The total expenditure to build Calmer II was about $37,700.
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Larger Clinical Efficacy Trial of Calmer Il (n=49)

We ran a single-site, randomized clinical trial (RCT) with 49
infants to determine Calmer’s (1) effect on acute procedural
pain in preterm neonates; (2) longer-exposure impact on
infant physiological stability; (3) technical performance, user
experience and feasibility of eight hours of continuous use.

This RCT took 3.5 years to complete. Several factors
contributed to this timeline. For example, we had to identify
infants who were “relatively” stable, as we did not want to
use Calmer on the sickest infants for reasons of safety; and
families had to be able to cope with this on top of their other
stress. Revised infection control standards triggered a mid-
trial prototype modification. Finally, our collaborating NICU
was moved into a new building, requiring a 4-months break
in recruitment while staff became familiar with the new
surroundings and procedures. Again, for context, we
summarize this evaluation; the full protocol and results can
be found in [33].

Participants, Data Collection, Analysis, and Findings

The study was again executed by an independent NICU
research nurse and assistant, allowing the needed at arm’s-
length protocol for a clinical study. The nurse recruited 49
medically stable preterm infants born within 27-36 weeks
gestational age.

While the RCT has greater experimental power than the
pilot, we still could not use a within-subjects design (each
infant with & without Calmer) because we could not rely on
or dictate that the same infant would require two blood draw
events during the requisite testing period. For ethical reasons,
we also could not conduct a true control (no intervention)
even in a between-subjects design; our baseline was once
again facilitated tucking, and thus we had to look for a “no
difference from the standard of care” type of result. Finally,
we could not assess the impact of the individual components
of Calmer (breathing, heart beat sounds, skin surface) nor
personalized motion rates on pain reactivity, as this would
have required a very large sample and interminably delay a
more general result. Other relevant methods were the same
as for the pilot evaluation.

The RCT’s research protocol and a related interview
evaluation (detailed in the next section) went through several
steps of standard clinical review. It was approved by the
Clinical Research Ethics Board of the University of British
Columbia as well as BC Women’s Hospital’s NICU
Research Committee. All types of family units were eligible
as long as there was an identified primary caregiver who was
legally responsible for providing consent for care and/or
research. Here, this always happened to be the biological
mother; they tended to be at bedside more often than fathers.
NICU staff attended a 30-minute information session about
the study and to get an overview of the Calmer technology.

The results of the trial showed no significant differences in
pain reduction between infants on Calmer and infants
receiving FT. In other words, the trial showed that Calmer
was as effective as FT, the human-touch intervention and
hence a viable alternative when needed. These positive
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results lead to two granted patents [34,35] and our hope is
that the Calmer technology will eventually be implemented
in incubator designs worldwide.

With this in mind, we have estimated that in just our NICU
alone, having Calmer embedded in each incubator could save
almost $500,000 per year in nursing costs [33]. Other costs
to families may include reduced stress knowing there is a
backup when they are not able to attend a procedure. Cost
savings related to improved neonatal outcomes will be
determined in future research.

Qualitative Study with Parents and Nurses on the
Perception and Experience of Calmer in the NICU

In addition to studying Calmer’s efficacy, we wanted to
examine its acceptability and the user experience from the
perspective of both NICU staff and parents and investigate
how well it catered to the social complexities and context we
knew were within the NICU environment. We addressed this
objective with a qualitative study conducted in parallel with
the RCT. This study was central in helping us decide to move
our technology development forward and provided the
foundation for more in-depth qualitative research we have
included in our most recent federal grant application.

Participants

To better understand and evaluate experiences with and the
acceptance of Calmer, we selected a subset of infants (and
parents) from the Calmer group in the RCT. We conducted
interviews with their mothers and the NICU staff caring for
them. The same NICU research nurse recruited these 10
mothers (referred to as M01-M10) and 10 NICU staff
(referred to as S11-S20) re-affirming their consent to be
interviewed. Table 1 below shows demographics for the
recruited mothers and their infants. Staff participants
included 8 registered NICU bedside nurses, one pediatric
physician and one medical laboratory assistant. Their
professional NICU experience ranged from 2 weeks to 16
years; all had completed specialty training in neonatal care.

Study ID: MoO1 M02 M03 M04 M05 M06 M07 M08 M09 M10

Mother’s age (yrs) 33 33 37 41 34 42 30 36 36 30

Education (yrs) 6 6 6 5 5 5 4 7 6 4

Gest age (wks) 28.3 27.7 29.8 27.7 29.7 28.3 30.4 28.8 31.1 28.2

Birth weight (kg) 1.18 1.15 1.2 1.02 1.41 1.18 1.56 1.34 1.93 1.49

Infant age (days) 39 42 33 30 131 25 20f 20 31 31

Resp. supportt 0 2 2 1 2 2 0 0 0 1

tRespiratory support on Calmer study day: [0=none], [1=o0xygen via nasal

prongs], [2=continuous positive airway pressure]. tIndicates a twin.

Table 1 Demographics of participating mothers and their infants.

The extent of mothers’ understanding of Calmer’s purpose
and function before implementation with their infant varied.
All but three (MO1, M06, M07) were able to personally
observe their infant on Calmer.

Data Collection and Data Analysis

One author conducted all interviews (Suto) and led the
thematic analysis. She was not involved in any aspect of the
design of Calmer nor the larger clinical trial, maintaining an
arms-length perspective. She collected qualitative data over
28 months via semi-structured, individual interviews with
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the participating mothers and NICU staff (n=10/10,
respectively). The interviews were conducted in either a
private hospital meeting room or the NICU. Locations were
determined by each participant; occasionally a family or
research staff member was present with participant consent.

Although we were able to collect data, the cooperation of
mothers and staff was often constrained by the environment
and context with which we were dealing. Preterm infants are
very fragile, often fighting for their lives going through
painful yet life-saving procedures daily. Parents are
desperate and can experience feelings of emotional trauma,
displacement, inadequacy, and useclessness while modern
specialized medical care and machines try to keep their infants
alive [23,24]. Given that, mothers had to be treated
sensitively. NICU staff are often stressed operating in this
intense environment on a shift-work schedule. Union
regulations meant they could not be interviewed or consulted
with outside work hours.

We asked each group a set of questions related to their
experience with and perceptions of Calmer as well as
associated feelings with respect to Calmer and its mediating
effects. Questions posed to staff focused on their personal
relationships to technology in their workplace and their
anticipation or observation of parents’ reactions to Calmer.
The average interview duration was 17 (mothers) and 16
(staff) minutes. Each interview was recorded verbatim and
field notes were taken on the environment, feelings
expressed non-verbally by participants and other
observations that might contribute to developing findings.
Recordings were transcribed. Mothers’ interview data was
analyzed through inductive thematic analysis [6] and using
analysis software [88] to identify patterns of common
experiences and perspectives. Our interviewer /analysis lead
coded the data, then iteratively reviewed it to identify
themes, with intervening discussions with the project team.
With themes established, she iteratively cross-checked
original data for possible theme overlap, missed insights and
documented countering cases, and selected representative
quotes (Section V-B). While staff transcripts were sparser (in
part due to question focus), we confirmed that their remarks
corroborated those of the mothers; none contradicted them.
Findings

Based on interviews with 10 mothers of “Calmer babies”
(preterm infants who experienced Calmer in our clinical
trial) and 10 NICU staff who cared for them, we looked at
the fit of Calmer in the NICU environment and their
perceptions and experiences of it.

Calmer’s Impact on NICU Operations:

Although a workflow analysis was beyond our scope, we did
obtain staff feedback regarding the effects of Calmer in the
NICU work environment. Most reported that Calmer itself
was not an obstacle in their work. Three staff (S12,14,16)
mentioned reduced work space, explicitly related to the
research equipment (e.g., video and physiological recording
gear for clinical data collection). However, this issue related
only to experimental conditions related to the trial setup.
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Mothers’ Reactions to Calmer:

Beyond the knowledge that Calmer provided key biological
parameters (breathing motion, heartbeat and touch/skin
surface), mothers responded to its nondescript, innocuous,
visually impersonal form and the ability to personalize this
form. We describe their responses across three themes.

Theme I — A back-up of me”: Mothers identified Calmer’s
customization as an important design feature that was both
imitative and reassuring. They articulated their
understanding that their heart rates and breathing rates were
programmed into Calmer for their individual infant’s benefit.
Mothers described this physiological replication as imitating,
in part, what the infants would have experienced (prenatally)
had they not been born prematurely. One mother (M09)
characterized the phenomenon of mimicking mothers of
Calmer as “a back-up” of herself. She also expressed
positive feedback on our approach of not making the
technology or device humanoid yet still replicating skin-like
texture, a mother’s individual heartbeat and breathing rates.

Several mothers proposed that more regular use of Calmer
might have reduced their stress and anxiety, some of which
arose over their infrequent NICU visits due to distance and
other responsibilities: “/F]or me personally, if Calmer had
been in my baby’s incubator from day 1, I think it would have
lowered my anxiety knowing my baby was being taken care
of, on that level” (M06).

Theme 2—Strengthening the mother-infant connection: Some
participants described the NICU itself as a “scary place”
(e.g., M05) where parents could do little for their infants.
One mother (M05) described the incubator as an isolating
place for the infant and that it was hard to feel and act like a
parent, given the infant’s fragile health status.

Mothers described the role that Calmer played in helping to
address the mother-infant connection that is interrupted
through premature birth. They recognized that their babies
were thrust into the “unnatural environment” (M06) of the
NICU by necessity, and appreciated that Calmer offered
features of the in-utero experience yet was not an exact
representation. Some mothers described Calmer as an
extension of themselves. One mother (M06) proposed that it
would help mothers to know that their infant had a “piece of
them inside the incubator” when the mothers could not be
with them. Each mother expressed positive feelings about
their infant on Calmer; e.g., “if he [infant] looks comfortable
[...] and his heart rate is nice, then, I'm like, ok, that’s good;
keeps, me calm and helps me handle the whole situation.”
(M40). Thus, the difficulty of being away from their infant
was at least partially mitigated by the presence of Calmer
which was viewed as helping babies “fo feel more naturally
connected to their mothers” (MO06) or “bond with its
mother” (MO05) despite being taken from them prematurely.

Theme 3 — Calmer as “just a bed”: Whereas the previous
themes illuminated Calmer’s functions, this one captures
participants’ views of the device’s form and preconceptions
of it. Mothers’ comments generally pointed to the perception
of Calmer as a piece of unobtrusive technology.
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Six mothers (M01-03,05,07,09) likened Calmer to a bed of
sorts. Others described it as a platform (MO06), mattress
(MO03,08), air mattress (M04), a pad (M09) and “something
built into the bed of the incubators” (M07). Such benign
descriptions aligned with comments such as “it wasn'’t
anything scary that, like there were no apprehensive
thoughts about it” (MO1); and “I wasn 't worried for him or
anything like that....it didn’t seem invasive at all” (M02). No
comments contradicted these depictions of Calmer. This was
an important affirmation for us.

One mother provided a final insight that returns to the
object’s form and yet captures the context: “/ mean you 're
full of machines and everything in the NICU anyhow so it
[Calmer] was just another machine at the end of the curve
[...] it wasn’t, scary. It wasn’t, you know, any impact on us
negatively. [...] I'm happy that she’s on it” (M03).

Theme Interconnections: Comments from the mothers we
interviewed convey their appreciation of Calmer’s
mimicking features, its potential to strengthen the infant-
mother bond, and that it looks like a discreet, non-threatening
bed. While these themes are important in their own right,
they also relate to one another, in some cases by one
illustrating an enabling mechanism of another.

For example, the customization of Calmer to each mother-
infant team (Theme 1) explains how the stronger connection
between the two (Theme 2) would come about. Similarly,
Theme 3 (“Just a bed”) reveals Calmer’s evident ability to
provide a mother “back-up” (Theme 1) while at the same
time strengthening her sense of connection to her infant
(Theme 2)—achievements that might reasonably be
predicted to be contradictory. The answer may lie in
Calmer’s unobtrusive and un-robotic look and unremarkable
visual appearance, which allowed mothers, and the staff who
advocated for them, to experience the technology without
being distracted by it or viewing it as a replacement or
competitor of themselves. This gave mothers a safe vantage
from which to identify functions and feelings arising from its
use, to appreciate them, and most strikingly, to personally
identify with or emotionally project themselves into.

DISCUSSION

As we described in detail, the design of Calmer was
propelled by several key considerations deriving from the
socially and technologically complex context of the NICU.
Ultimately, we arrived at a design that worked and
effectively held up in a clinical trial. Patents were filed early
on in the process and we continue our work towards a
commercially available model, and lobbying to change
neonatal care-standards. Yet, as straight-forward as this 10-
year project may seem, there were various challenges and
surprises that we want to reflect on; including certain things
we know now because we designed Calmer.

Background and Circumstances that Mattered

The Initial Encounter and its History Mattered

There was not much of an initial ideation on what to design
or what form Calmer should have. Instead, in hindsight (and
that is why we described it in such detail), the initial
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serendipitous encounter of a neonatal pain researcher seeing
a fuzzy breathing robot and having the idea we pursued for
multiple years was remarkably defining. Her leap of idea-
generating creativity was driven by her history — her
immersion in and passion about improving preterm infant
development by reducing neonatal pain; over her career she
repeatedly experienced the devastation of parents each time
she had to tell them that their children’s development would
not follow a typical course. The coincidence of a haptics
researcher focused on breathing creatures, who was willing
to join in, was another pair of rare events: researchers often
do not have the capacity to jump on others’ ideas. These two
people with very different experience and commitment
coming together was key to this projects’ success.

Constraint Access and lterations

Designing Calmer as a clinical device for the NICU
environment was challenging in several ways. Overall, it
required consistent perseverance, a bit of faith and expert
knowledge. Access and iterative design based on feedback
on prototypes was impractical and the context and
environment had to be treated with extreme caution. As
mentioned in the qualitative study’s data collection, the
cooperation of users or stakeholders (infants, parents, nurses,
and doctors) was often constrained. Infants are in a difficult
situation and staff experience stress on a shift-work schedule
and could not be interviewed or consulted with after work
hours due to union regulations. Hygiene standards are also
extremely demanding. Lastly, too many negative reactions to
our intervention in the NICU would have easily jettisoned
the project. This is due to both the importance of parent-
integration, and the fact that adoption of new technology in
this technology-heavy environment is viewed extremely
critically, especially in the context of maternal roles.

Building a device that a premature, fragile infant with life-
threatening conditions can be placed on is a challenge in and
of itself. However, a main objective had to be to build a
prototype that could eventually be tested in the NICU.
Without testing Calmer’s efficacy, it would have no
possibility of appearing in clinical practice. Here, only
clinical studies are accepted for efficacy testing and it was an
important objective for us to complete an RCT. Hence, we
had to build prototypes that were safe, highly robust and
durable, and conforming to hygiene standards, in order to
evaluate them in the NICU with fragile neonates.

In a related way, evaluations of other design prototypes
require them to be rather finished and durable. For example
and in the context of RtD, Odom et al. [49] describe the
concept of research products; these are designed to drive a
research inquiry, have a high quality of finish so that people
engage with them as they are rather than what they might
become, they can fit among other things and into everyday
environments, and, operate independently over time. The
term “emphasizes the actuality of the design artifact helping
to overcome the limitations of prototypes when investigating
complex matters [..] over time” [49:2550]. We could
consider Calmer I as a prototype and Calmer II closer to a
research product for our RCT, yet with the significant
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difference that the long-term objective remained that Calmer
will become part of incubator designs in the future.

A Multi-Disciplinary Team with Expert & Tacit Knowledge
Our approach to trying to intervene in this complicated space
and place capitalized on team members’ diverse expertise
and multidisciplinary experiences (clinical backgrounds or
practices, research practice, biomedical engineering, etc.).
Hence, stakeholder-input was often covered by our own team
members and their experiences. Several members of the
design team had extensive experience working in the NICU
environment. That gave us expert and tacit knowledge about
the intense, demanding, dangerous (life or death) and often
emotional and mentally draining environment. It also
informed our requirements related to the clinical context and
efficacy inquiry. In addition to our team’s expertise, the
integration of consulting sessions (informal and formal) with
various stakeholders and people who would or could be
affected by Calmer was also key to assure interest and
potential to test Calmer in the actual environment for which
it was being designed.

Various ‘Users’ Experiencing Haptics: An Uncommon
Challenge

Lastly, an interesting challenge emerged from designing
Calmer in the context of haptics HCI. Considering the initial
idea of turning a haptic robotic creature “inside out,” and
trying to be considerate of not making parents feel
uncomfortable or replaced, the engineering and haptics
design people on the team found it a challenge to determine
where the user interface was in the design. In engineering,
HCI, and specifically haptics research, typically the person
one is designing for would be the person who would feel and
interact with the haptic features being built [46]. However,
in the case of Calmer, the premature infant experiences the
haptics features somewhat ‘passively’ with our design
feedback being metrics on pain reduction. At the same time,
others, in particular parents and staff, experience the device
interface more ‘actively’ in a social or workflow sense, yet
they do not actually experience its haptic features. This was
a challenge unique to this project.

Responsible Mimicking of Human Behavior

Replicating Maternal Skin-to-Skin Holding through Sampling
A key part of the objectives in designing Calmer was to
mimic mothers yet also consider their feelings of
displacement—in other words, replicating maternal skin-to-
skin holding in a conscious, empathic and integrative way.

Although it may seem like an obviously useful solution to
make a device that replicates maternal skin-to-skin holding
to reduce pain when parents are not available, this was also
very much tied to what parents, especially mothers of pre-
term infants are often feeling: displaced. We always thought
we were walking a very fine line between trying to replicate,
yet not replace the human practice of maternal holding.

The surprise to us was that the small symbolic gesture of
using a mother’s individual heart and breathing rate,
programmed into Calmer when her infant was lying on it,
was so powerful and appreciated by mothers. This act of
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sampling made them feel that Calmer was extending rather
than replacing them. Paying attention to those details, we
found, made individual mothers feel supported, even
channeled through Calmer rather than supplanted.

No Uncanny Valley with Calmer

The uncanny valley describes the unsettling feeling people
experience when robots or simulations are very lifelike in
many ways yet are not quite convincing [45]. A humanoid
object that imperfectly resembles an actual human and its
behavior provokes uncanny or strangely familiar feelings of
eeriness in people. Although Calmer was perceived as a
welcome back-up of mothers rather than provoking uncanny
feelings, we would not argue that deliberately mimicking
pieces of a human, even if done carefully as we did in
Calmer, always has a place. Furthermore, in our case the
intensity and technology-heavy situation as well as the
outcome of neonate pain reduction may also diffuse uncanny
feelings that may arise. Parents of infants who are staying in
the NICU are biased, one could say forced, towards
accepting technology near their infant simply because it
increases chance of survival. So, the questions remain
unanswered: when is it ok to deliberately mimic aspects of a
human? Particularly, in our project, where would we have
gone too far? With Calmer, we created a connection without
provoking uncanny feelings. Since it is so hard to ‘test’ in the
NICU environment, we would not be able to explore this
with other more or less mimicking forms of similar devices.

This observation brings to mind other care-giving robots that
operate in related situations where technology might offer
stress-reducing benefits or functionality usually offered by
humans for situations when they cannot be there. Is it
ethically marginal to capture an essence of a person but not
more? And if so, is it acceptable to do this in a life-or-death
situation, but not one less fraught, such as for instance to help
a crying, but healthy, baby sleep? Without answering these
questions, we want to highlight the ethical ambiguity. We
believe Calmer adds an interesting example to this area.

Calmer is Emblematic of its Strategy and Features
Lastly, we want to directly point to how the Calmer project
contributes a design case to the HCI community representing
a unique, cautious treating and connecting of several of its
parts.

Calmer is an exemplar of replicating intimate human
behavior and moment that seems nearly un-replicable: a
mother holding her prematurely born fragile infant—two
humans being in sync. Calmer replicates intimate behavior
and data at the core essence of what it means to be human: a
mother’s breathing and heartbeat. Yet, if one looks at Calmer
one would never assume that but instead sees a form that
seems more like just a bed or plastic platform.

The long-term persistent engagement over 10 years to design
Calmer resembles a design strategy that includes cautiously
and well-considered contextual, social, and medical
ecological needs of the various stakeholders and their
situations. Our approach was particularly not to think first ‘to
just replicate’ but instead consciously include actions to do it
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well. However, the key may not have been the minimalist
form aspects, but rather the careful treating and intertwining
of all aspects in a conscious and cautious way.

Thus, Calmer serves as an interesting example leading us to
think about humans, data streams, form factors, and more as
it represents a unique, cautious treating and intertwining of
several of its parts: form, computational behavior and
actuation, data (flow), stakeholders and a hyper-sensitive and
constraint context, and social and ecological considerations
around those. In this way, our work contributes rewardingly
to HCI research focusing on designing for the NICU and
broader hospital context, conscious and empathic automation
of human action, and design-led research targeting product
development (in a vital context).

CONCLUSION AND FUTURE WORK

In conclusion, the Calmer project serves as an exemplar
deriving from a long-term process of designing in a
complicated space; it is in itself emblematic of its multi-
faceted design strategy. Much was learned from designing
this technology. From our reflections we can see how it can
inform further work and discussions in haptics research and
automating or replicating human actions, NICU design
research and beyond. Our work also shows how RtD can play
an important role in a vital context — and in this way, Calmer
is an RtD exemplar of an innovation targeting
commercialization; and we continue to work with this
aspiration.

A next version of Calmer?

Ultimately, we hope that the Calmer technology becomes a
standard feature of NICU incubators. We are currently
working on a Calmer III prototype that aims for that vision.
We are improving the skin-like material with material
science specialists. We will this time make not one but five
testable prototypes which will be implemented in a clinical
study evaluating long-term stress reduction in neonates
receiving Calmer treatment. For this, infants need Calmer
available for use 24 hours per day. We are also working on a
version of Calmer to work in low resourced countries with
constraints like intermittent power and high dust.

Further Clinical Studies: Individuality of Infant Environment
Infants are sensitive and respond differently to the specific
environment their mother provides; e.g., early in gestation
they respond to their mother’s unique voice and smell [1,41].
It is likely that other intimate aspects of the prenatal
experience, such as heartbeat and breathing, are key to the
whole to which the infant responds. Although the Calmer
platform supports controlled testing of each parameter’s
influence, we tested them as a unit in our first RCT to screen
for overall effect to avoid a very long delay. Personalized
testing is a future goal dependent on expanded recruiting.

ACKNOWLEDGEMENTS

We thank our participants for their generosity. This research
was funded by CIHR and a CIHR Canada Research Chair in
Neonatal Health and Development. It was also supported by
the NSERC-funded Designing for People (DFP) Initiative at
the University of British Columbia.

Page 10



CHI 2020 Paper

REFERENCES

[1] Heidelise Als. 1982. Toward a synactive theory of
development: Promise for the assessment and support
of infant individuality. Infant Mental Health Journal 3,
4:229-243. https://doi.org/10.1002/1097-
0355(198224)3:4<229::AID-
IMHJ2280030405>3.0.CO;2-H

[2] Jeffrey Bardzell, Shaowen Bardzell, and Lone Koefoed
Hansen. 2015. Immodest Proposals: Research Through
Design and Knowledge. In Proceedings of the 33rd
Annual ACM Conference on Human Factors in
Computing Systems (CHI ’15), 2093-2102.
https://doi.org/10.1145/2702123.2702400

[3] Andy Boucher and William Gaver. 2017. Designing
and Making the Datacatchers: Batch Producing
Location-Aware Mobile Devices. In Proceedings of the
Eleventh International Conference on Tangible,
Embedded, and Embodied Interaction (TEI *17), 243—
251. https://doi.org/10.1145/3024969.3024971

[4] Sibrecht Bouwstra, Wei Chen, Loe Feijs, and Sidarto
Bambang Oetomo. 2009. Smart Jacket Design for
Neonatal Monitoring with Wearable Sensors. In
Proceedings of the 2009 Sixth International Workshop
on Wearable and Implantable Body Sensor Networks
(BSN ’09), 162-167.
https://doi.org/10.1109/BSN.2009.40

[5] Siebrecht Bouwstra, Wei Chen, Loe Feijs, Sidarto
Bambang Oetomo, Willeke van der Linden, and
Wijnand IJsselsteijn. 2012. Designing the parents-to-
infant bonding experience in the NICU. In Proceedings
of the First International Conference on Global Health
Challenges, 21-26 October 2012, Venice, Italy, 7-13.
Retrieved September 4, 2019 from
https://research.tue.nl/en/publications/designing-the-
parents-to-infant-bonding-experience-in-the-nicu

[6] Virginia Braun and Victoria Clarke. 2006. Using
thematic analysis in psychology. Qualitative Research
in Psychology 3, 2: 77-101.
https://doi.org/10.1191/1478088706qp0630a

[7] Margaret Broom, Bernadette Brady, Zsuzsoka Kecskes,
and Sue Kildea. 2013. World Café Methodology
engages stakeholders in designing a Neonatal Intensive
Care Unit. Journal of Neonatal Nursing 19, 5: 253-258.
https://doi.org/10.1016/j.jnn.2012.12.002

[8] Susanne Brummelte, Ruth E. Grunau, Vann Chau,
Kenneth J. Poskitt, Rollin Brant, Jillian Vinall, Ayala
Gover, Anne R. Synnes, and Steven P. Miller. 2012.
Procedural pain and brain development in premature
newborns. Annals of Neurology 71, 3: 385-396.
https://doi.org/10.1002/ana.22267

[9] Marsha Campbell-Yeo, Ananda Fernandes, and Celeste
Johnston. 2011. Procedural pain management for
neonates using nonpharmacological strategies: part 2:
mother-driven interventions. Advances in Neonatal
Care: Official Journal of the National Association of

Paper 412

CHI 2020, April 25-30, 2020, Honolulu, HI, USA

Neonatal Nurses 11, 5: 312-318; quiz pg 319-320.
https://doi.org/10.1097/ANC.0b013e318229aa76

[10]Ricardo Carbajal, Richard Lenclen, Myriam Jugie,
Alain Paupe, Bruce A. Barton, and Kanwaljeet J. S.
Anand. 2005. Morphine does not provide adequate
analgesia for acute procedural pain among preterm
neonates. Pediatrics 115, 6: 1494-1500.
https://doi.org/10.1542/peds.2004-1425

[11]Saifon Chawanpaiboon, Joshua P. Vogel, Ann-Beth
Moller, Pisake Lumbiganon, Max Petzold, Daniel
Hogan, Sihem Landoulsi, Nampet Jampathong,
Kiattisak Kongwattanakul, Malinee Laopaiboon,
Cameron Lewis, Siwanon Rattanakanokchai, Ditza N.
Teng, Jadsada Thinkhamrop, Kanokwaroon
Watananirun, Jun Zhang, Wei Zhou, and A. Metin
Giilmezoglu. 2019. Global, regional, and national
estimates of levels of preterm birth in 2014: a
systematic review and modelling analysis. The Lancet.
Global Health 7, 1: e37—€46.
https://doi.org/10.1016/S2214-109X(18)30451-0

[12] Wei Chen, Sidarto Bambang Oetomo, Daniel Tetteroo,
Frank Versteegh, Thelxi Mamagkaki, Mariana Serras
Pereira, Lindy Janssen, and Andrea van Meurs. 2015.
Mimo pillow--an intelligent cushion designed with
maternal heart beat vibrations for comforting newborn
infants. IEEE journal of biomedical and health
informatics 19, 3: 979-985.
https://doi.org/10.1109/JBHI.2014.2349153

[13]Sylvie Claes, Miguel Cabral Guerra, Jiachun Du, Lisa
Malou Smits, Deedee Kommers, and Sidarto Bambang
Oetomo. 2017. Hugsy: A Comforting Solution for
Preterm Neonates Designed to Enhance Parent-child
Bonding. In Proceedings of the Second IEEE/ACM
International Conference on Connected Health:
Applications, Systems and Engineering Technologies
(CHASE °17), 177-184.
https://doi.org/10.1109/CHASE.2017.76

[14] Agustin Conde-Agudelo and José L. Diaz-Rossello.
2016. Kangaroo mother care to reduce morbidity and
mortality in low birthweight infants. Cochrane
Database of Systematic Reviews, 8.
https://doi.org/10.1002/14651858.CD002771.pub4

[15]Misha Croes. 2014. Supporting maternal bonding with
premature babies. SPIENewsroom - Society of Photo-
optical Instrumentation Engineers. Retrieved January 5,
2020 from https://spie.org/news/5295-supporting-
maternal-bonding-with-premature-babies

[16]Misha Croes, Sidarto Bambang Oetomo, and Loe Feijs.
2012. Designing remote connectedness between
parents and their premature newly born: a design
proposal. In Neonatal monitoring technologies: design
for integrated solutions. IGI Global, 386—413.

[17]Scott Davidoff, Min Kyung Lee, Anind K. Dey, and
John Zimmerman. 2007. Rapidly Exploring
Application Design Through Speed Dating. In

Page 11


https://spie.org/news/5295-supporting
https://doi.org/10.1002/14651858.CD002771.pub4
https://doi.org/10.1109/CHASE.2017.76
https://doi.org/10.1109/JBHI.2014.2349153
https://doi.org/10.1016/S2214-109X(18)30451-0
https://doi.org/10.1542/peds.2004-1425
https://doi.org/10.1097/ANC.0b013e318229aa76
https://doi.org/10.1002/ana.22267
https://doi.org/10.1016/j.jnn.2012.12.002
https://doi.org/10.1191/1478088706qp063oa
https://research.tue.nl/en/publications/designing-the
https://doi.org/10.1109/BSN.2009.40
https://doi.org/10.1145/3024969.3024971
https://doi.org/10.1145/2702123.2702400
https://doi.org/10.1002/1097

CHI 2020 Paper

Proceedings of the 9th International Conference on
Ubiquitous Computing (UbiComp *07), 429—446.

[18]Jessica Q. Dawson, Oliver S. Schneider, Joel Ferstay,
Dereck Toker, Juliette Link, Shathel Haddad, and
Karon MacLean. 2013. It’s Alive!: Exploring the
Design Space of a Gesturing Phone. In Proceedings of
Graphics Interface 2013 (GI ’13), 205-212. Retrieved
September 4, 2019 from
http://dl.acm.org/citation.cfm?id=2532129.2532164

[19] Sam M. Doesburg, Cecil M. Chau, Teresa P. L.
Cheung, Alexander Moiseev, Urs Ribary, Anthony T.
Herdman, Steven P. Miller, Ivan L. Cepeda, Anne
Synnes, and Ruth E. Grunau. 2013. Neonatal pain-
related stress, functional cortical activity and visual-
perceptual abilities in school-age children born at
extremely low gestational age. Pain 154, 10: 1946—
1952. https://doi.org/10.1016/j.pain.2013.04.009

[20] Laura Doheny, Shelley Hurwitz, Robert Insoft, Steven
Ringer, and Amir Lahav. 2012. Exposure to biological
maternal sounds improves cardiorespiratory regulation
in extremely preterm infants. The Journal of Maternal-
Fetal & Neonatal Medicine 25, 9: 1591-1594.
https://doi.org/10.3109/14767058.2011.648237

[21]Daniel Fallman. 2003. Design-oriented Human-
computer Interaction. In Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems
(CHI °03), 225-232.
https://doi.org/10.1145/642611.642652

[22]Nancy Feeley, Christine Genest, Hannakaisa Niela-
Vilén, Lyne Charbonneau, and Anna Axelin. 2016.
Parents and nurses balancing parent-infant closeness
and separation: a qualitative study of NICU nurses’
perceptions. BMC pediatrics 16: 134.
https://doi.org/10.1186/s12887-016-0663-1

[23]Nancy Feeley, Barbara Hayton, Ian Gold, and Phyllis
Zelkowitz. 2017. A comparative prospective cohort
study of women following childbirth: Mothers of low
birthweight infants at risk for elevated PTSD
symptoms. Journal of Psychosomatic Research 101:
24-30.
https://doi.org/10.1016/j.jpsychores.2017.07.014

[24]Nancy Feeley, Phyllis Zelkowitz, Carole Cormier,
Lyne Charbonneau, Annie Lacroix, and Apostolos
Papageorgiou. 2011. Posttraumatic stress among
mothers of very low birthweight infants at 6 months
after discharge from the neonatal intensive care unit.
Applied nursing research: ANR 24, 2: 114-117.
https://doi.org/10.1016/j.apnr.2009.04.004

[25] Thomas Ferris Keith and Mardelle Shepley. 2013. The
design of neonatal incubators: a systems-oriented,
human-centered approach. Journal of Perinatology:
Official Journal of the California Perinatal Association
33, S1: S24-S31. https://doi.org/10.1038/jp.2013.11

[26] Camila Fleury, Mary A. Parpinelli, and Maria Y.
Makuch. 2014. Perceptions and actions of healthcare

Paper 412

CHI 2020, April 25-30, 2020, Honolulu, HI, USA

professionals regarding the mother-child relationship
with premature babies in an intermediate neonatal
intensive care unit: a qualitative study. BMC pregnancy
and childbirth 14: 313. https://doi.org/10.1186/1471-
2393-14-313

[27]Linda S. Franck and Caroline Spencer. 2003. Parent
visiting and participation in infant caregiving activities
in a neonatal unit. Birth (Berkeley, Calif.) 30, 1: 31-35.

[28] William Gaver. 2012. What Should We Expect from
Research Through Design? In Proceedings of the
SIGCHI Conference on Human Factors in Computing
Systems (CHI *12), 937-946.
https://doi.org/10.1145/2207676.2208538

[29] Sarah Gregson and Jonathan Blacker. 2011. Kangaroo
care in pre-term or low birth weight babies in a
postnatal ward. British Journal of Midwifery 19, 9:
568-577. https://doi.org/10.12968/bjom.2011.19.9.568

[30]Ruth E. Grunau, Liisa Holsti, and Jeroen W. B. Peters.
2006. Long-term consequences of pain in human
neonates. Seminars in Fetal & Neonatal Medicine 11,
4: 268-275. https://doi.org/10.1016/].siny.2006.02.007

[31]Ruth E. Grunau, Michael F. Whitfield, Julianne Petrie-
Thomas, Anne R. Synnes, Ivan L. Cepeda, Adi Keidar,
Marilyn Rogers, Margot Mackay, Philippa Hubber-
Richard, and Debra Johannesen. 2009. Neonatal pain,
parenting stress and interaction, in relation to cognitive
and motor development at 8 and 18 months in preterm
infants. Pain 143, 1-2: 138-146.
https://doi.org/10.1016/j.pain.2009.02.014

[32] Liisa Holsti, Ruth E. Grunau, Michael F. Whifield, Tim
F. Oberlander, and Viveca Lindh. 2006. Behavioral
Responses to Pain Are Heightened After Clustered
Care in Preterm Infants Born Between 30 and 32
Weeks Gestational Age. The Clinical journal of pain
22,9: 757-764.
https://doi.org/10.1097/01.ajp.0000210921.10912.47

[33] Liisa Holsti, Karon MacLean, Timothy Oberlander,
Anne Synnes, and Rollin Brant. 2019. Calmer: a robot
for managing acute pain effectively in preterm infants
in the neonatal intensive care unit. Pain Reports 4, 2.
https://doi.org/10.1097/PR9.0000000000000727

[34] Liisa Holsti, Karon MacLean, and Henry Voss. 2017.
Apparatus and methods for improving health outcomes
of preterm infants. US Patent 15/516,287. Publication
number: 20170252532. Filed October 2, 2015, issued
September 7, 2017.

[35] Liisa Holsti, Karon MacLean, and Henry Voss. 2017.
Apparatus and methods for improving health outcomes
of preterm infants. European Patent EP15847014.6A.
Publication number: EP3200742(A1,A4,B1). Filed
October 2, 2015, issued December 12, 2019.

[36] Liisa Holsti, Weinberg, M. F. Whitfield, and R. E.
Grunau. 2007. Relationships between
adrenocorticotropic hormone and cortisol are altered

Page 12


https://EP15847014.6A
https://doi.org/10.1097/PR9.0000000000000727
https://doi.org/10.1097/01.ajp.0000210921.10912.47
https://doi.org/10.1016/j.pain.2009.02.014
https://doi.org/10.1016/j.siny.2006.02.007
https://doi.org/10.12968/bjom.2011.19.9.568
https://doi.org/10.1145/2207676.2208538
https://doi.org/10.1186/1471
https://doi.org/10.1038/jp.2013.11
https://doi.org/10.1016/j.apnr.2009.04.004
https://doi.org/10.1016/j.jpsychores.2017.07.014
https://doi.org/10.1186/s12887-016-0663-1
https://doi.org/10.1145/642611.642652
https://doi.org/10.3109/14767058.2011.648237
https://doi.org/10.1016/j.pain.2013.04.009
http://dl.acm.org/citation.cfm?id=2532129.2532164

CHI 2020 Paper

during clustered nursing care in preterm infants born at
extremely low gestational age. Early human
development 83, 5: 341-348.
https://doi.org/10.1016/j.earlhumdev.2006.08.005

[37] Kristina Ho0k, Peter Dalsgaard, Stuart Reeves, Jeffrey
Bardzell, Jonas Lowgren, Erik Stolterman, and Yvonne
Rogers. 2015. Knowledge Production in Interaction
Design. In Proceedings of the 33rd Annual ACM
Conference Extended Abstracts on Human Factors in
Computing Systems (CHI EA °15), 2429-2432.
https://doi.org/10.1145/2702613.2702653

[38]Karin Jackson, Britt-Marie Ternestedt, and Jens
Schollin. 2003. From alienation to familiarity:
experiences of mothers and fathers of preterm infants.
Journal of Advanced Nursing 43, 2: 120-129.

[39]Janet Johnson, Evan Schmitz, Venktesh Ramnath, and
Nadir Weibel. 2019. Designing Family-Centered Aids
for the Intensive Care Unit. In Extended Abstracts of
the 2019 CHI Conference on Human Factors in
Computing Systems (CHI EA °19), LBW0215:1—
LBWO0215:6. https://doi.org/10.1145/3290607.3312799

[40] C. Celeste Johnston, Marsha Campbell-Yeo, and
Francoise Filion. 2011. Paternal vs maternal kangaroo
care for procedural pain in preterm neonates: a
randomized crossover trial. Archives of Pediatrics &
Adolescent Medicine 165, 9: 792-796.
https://doi.org/10.1001/archpediatrics.2011.130

[41]C. Celeste Johnston, Ananda M. Fernandes, and
Marsha Campbell-Yeo. 2011. Pain in neonates is
different. Pain 152, 3 Suppl: S65-73.
https://doi.org/10.1016/j.pain.2010.10.008

[42] Celeste Johnston, Marsha Campbell-Yeo, Timothy
Disher, Britney Benoit, Ananda Fernandes, David
Streiner, Darlene Inglis, and Rebekah Zee. 2017. Skin-
to-skin care for procedural pain in neonates. The
Cochrane Database of Systematic Reviews 2:
CD008435.
https://doi.org/10.1002/14651858.CD008435.pub3

[43] Afaf A. Korraa, Alyaa A. I. El Nagger, Ragaa Abd El-
Salam Mohamed, and Noha M. Helmy. 2014. Impact
of kangaroo mother care on cerebral blood flow of
preterm infants. Italian Journal of Pediatrics 40, 1: 83.
https://doi.org/10.1186/s13052-014-0083-5

[44] Thomas Lundeberg, Kerstin Uvnéds-Moberg, Greta
Agren, and Gunilla Bruzelius. 1994. Anti-nociceptive
effects of oxytocin in rats and mice. Neuroscience
Letters 170, 1: 153—157. https://doi.org/10.1016/0304-
3940(94)90262-3

[45]Karl F. MacDorman and Hiroshi Ishiguro. 2006. The
Uncanny Advantage of Using Androids in Cognitive
and Social Science Research. Interaction Studies:
Social Behaviour and Communication in Biological
and Artificial Systems 7, 3: 297-337.
https://doi.org/10.1075/is.7.3.03mac

Paper 412

CHI 2020, April 25-30, 2020, Honolulu, HI, USA

[46] Karon E. MacLean, Oliver S. Schneider, and Hasti
Seifi. 2017. Multisensory haptic interactions:
understanding the sense and designing for it. In The
Handbook of Multimodal-Multisensor Interfaces,
Sharon Oviatt, Bjorn Schuller, Philip R. Cohen, Daniel
Sonntag, Gerasimos Potamianos and Antonio Kriiger
(eds.). Association for Computing Machinery and
Morgan & Claypool, New York, NY, USA, 97-142.
https://doi.org/10.1145/3015783.3015788

[47] Srdjan Maksimovic, Yoshichika Baba, and Ellen A.
Lumpkin. 2013. Neurotransmitters and synaptic
components in the Merkel cell-neurite complex, a
gentle-touch receptor. Annals of the New York
Academy of Sciences 1279: 13-21.
https://doi.org/10.1111/nyas.12057

[48] Tim Oberlander and J. Philip Saul. 2002.
Methodological considerations for the use of heart rate
variability as a measure of pain reactivity in vulnerable
infants. Clinics in perinatology 29, 3: 427-443.
https://doi.org/10.1016/S0095-5108(02)00013-1

[49] William Odom, Ron Wakkary, Youn-kyung Lim,
Audrey Desjardins, Bart Hengeveld, and Richard
Banks. 2016. From Research Prototype to Research
Product. In Proceedings of the 2016 CHI Conference
on Human Factors in Computing Systems (CHI ’16),
2549-2561. https://doi.org/10.1145/2858036.2858447

[50]Kursat F. Ozenc, James P. Brommer, Bong-keum
Jeong, Nina Shih, Karen Au, and John Zimmerman.
2007. Reverse Alarm Clock: A Research Through
Design Example of Designing for the Self. In
Proceedings of the 2007 Conference on Designing
Pleasurable Products and Interfaces (DPPI *07), 392—
406. https://doi.org/10.1145/1314161.1314196

[51]John Panagiotidis and Amir Lahav. 2010. Simulation
of prenatal maternal sounds in NICU incubators: a pilot
safety and feasibility study. The Journal of Maternal-
Fetal & Neonatal Medicine 23, sup3: 106—109.
https://doi.org/10.3109/14767058.2010.512185

[52]Jennifer A. Parks. 2010. Lifting the Burden of
Women’s Care Work: Should Robots Replace the
“Human Touch”? Hypatia 25, 1: 100-120.
https://doi.org/10.1111/j.1527-2001.2009.01086.x

[53]James Pierce. 2014. On the Presentation and
Production of Design Research Artifacts in HCI. In
Proceedings of the 2014 Conference on Designing
Interactive Systems (DIS *14), 735-744.
https://doi.org/10.1145/2598510.2598525

[54]James Pierce and Eric Paulos. 2015. Making Multiple
Uses of the Obscura 1C Digital Camera: Reflecting on
the Design, Production, Packaging and Distribution of
a Counterfunctional Device. In Proceedings of the 33rd
Annual ACM Conference on Human Factors in
Computing Systems (CHI *15), 2103-2112.
https://doi.org/10.1145/2702123.2702405

Page 13


https://doi.org/10.1145/2702123.2702405
https://doi.org/10.1145/2598510.2598525
https://doi.org/10.1111/j.1527-2001.2009.01086.x
https://doi.org/10.3109/14767058.2010.512185
https://doi.org/10.1145/1314161.1314196
https://doi.org/10.1145/2858036.2858447
https://doi.org/10.1016/S0095-5108(02)00013-1
https://doi.org/10.1111/nyas.12057
https://doi.org/10.1145/3015783.3015788
https://doi.org/10.1075/is.7.3.03mac
https://doi.org/10.1016/0304
https://doi.org/10.1186/s13052-014-0083-5
https://doi.org/10.1002/14651858.CD008435.pub3
https://doi.org/10.1016/j.pain.2010.10.008
https://doi.org/10.1001/archpediatrics.2011.130
https://doi.org/10.1145/3290607.3312799
https://doi.org/10.1145/2702613.2702653
https://doi.org/10.1016/j.earlhumdev.2006.08.005

CHI 2020 Paper

[55]M. Ranger, A. R. Synnes, J. Vinall, and R. E. Grunau.
2014. Internalizing behaviours in school-age children
born very preterm are predicted by neonatal pain and
morphine exposure. European Journal of Pain 18, 6:
844-852.

[56] Manon Ranger, Cecil MY Chau, Amanmeet Garg,
Todd S. Woodward, Mirza Faisal Beg, Bruce Bjornson,
Kenneth Poskitt, Kevin Fitzpatrick, Anne R. Synnes,
and Steven P. Miller. 2013. Neonatal pain-related stress
predicts cortical thickness at age 7 years in children
born very preterm. PLoS One 8§, 10: €76702.

[57]Manon Ranger and Ruth E. Grunau. 2014. Early
repetitive pain in preterm infants in relation to the
developing brain. Pain management 4, 1: 57-67.

[58] Manon Ranger, Jill G. Zwicker, Cecil M. Y. Chau, Min
Tae M. Park, M. Mallar Chakravarthy, Kenneth
Poskitt, Steven P. Miller, Bruce H. Bjornson, Emily W.
Y. Tam, Vann Chau, Anne R. Synnes, and Ruth E.
Grunau. 2015. Neonatal Pain and Infection Relate to
Smaller Cerebellum in Very Preterm Children at
School Age. The Journal of Pediatrics 167, 2: 292-
298.el. https://doi.org/10.1016/j.jpeds.2015.04.055

[59]Misty D. Reis, Gwen R. Rempel, Shannon D. Scott,
Barbara A. Brady-Fryer, and John Van Aerde. 2010.
Developing nurse/parent relationships in the NICU
through negotiated partnership. Journal of obstetric,
gynecologic, and neonatal nursing: JOGNN 39, 6: 675—
683. https://doi.org/10.1111/j.1552-6909.2010.01189.x

[60] Daniélla W. E. Roofthooft, Sinno H. P. Simons,
Kanwaljeet J. S. Anand, Dick Tibboel, and Monique
van Dijk. 2014. Eight Years Later, Are We Still
Hurting Newborn Infants? Neonatology 105, 3: 218—
226. https://doi.org/10.1159/000357207

[61] Ognjen Rudovic, Jaeryoung Lee, Lea Mascarell-
Maricic, Bjorn W. Schuller, and Rosalind W. Picard.
2017. Measuring Engagement in Robot-Assisted
Autism Therapy: A Cross-Cultural Study. Frontiers in
Robotics and Al 4.
https://doi.org/10.3389/frobt.2017.00036

[62] Yasaman S. Sefidgar, Karon E. MacLean, Steve
Yohanan, H.F. Machiel Van der Loos, Elizabeth A.
Croft, and E. Jane Garland. 2016. Design and
Evaluation of a Touch-Centered Calming Interaction
with a Social Robot. IEEE Transactions on Affective
Computing 7, 2: 108—121.
https://doi.org/10.1109/TAFFC.2015.2457893

[63]Prachi E. Shah, Melissa Clements, and Julie
Pochlmann. 2011. Maternal Resolution of Grief After
Preterm Birth: Implications for Infant Attachment
Security. Pediatrics 127, 2: 284-292.
https://doi.org/10.1542/peds.2010-1080

[64] Richard J. Shaw, Thomas Deblois, Linda Ikuta, Karni
Ginzburg, Barry Fleisher, and Cheryl Koopman. 2006.
Acute stress disorder among parents of infants in the

Paper 412

CHI 2020, April 25-30, 2020, Honolulu, HI, USA

neonatal intensive care nursery. Psychosomatics 47, 3:
206-212. https://doi.org/10.1176/appi.psy.47.3.206

[65] Bonnie Stevens, Celeste Johnston, Anna Taddio, Anne
Jack, Janet Narciso, Robyn Stremler, Gideon Koren,
and Jacob Aranda. 1999. Management of pain from
heel lance with lidocaine-prilocaine (EMLA) cream: is
it safe and efficacious in preterm infants? Journal of
developmental and behavioral pediatrics: JDBP 20, 4:
216-221.

[66] Erik Stolterman and Mikael Wiberg. 2010. Concept-
Driven Interaction Design Research. Human—Computer
Interaction 25, 2: 95-118.
https://doi.org/10.1080/07370020903586696

[67]Noor N Tahirkheli, Amanda S Cherry, Alayna P
Tackett, Mary Anne McCaffree, and Stephen R
Gillaspy. 2014. Postpartum depression on the neonatal
intensive care unit: current perspectives. International
Journal of Women’s Health 6: 975-987.
https://doi.org/10.2147/1IJWH.S54666

[68]C.-J. Toérnhage, F. Serenius, K. Uvnds-Moberg, and T.
Lindberg. 2011. Plasma Somatostatin and
Cholecystokinin Levels in Preterm Infants During
Kangaroo Care With and Without Nasogastric Tube-
feeding. Journal of Pediatric Endocrinology and
Metabolism 11, 5: 645-652.
https://doi.org/10.1515/JPEM.1998.11.5.645

[69] Frank Versteegh, Daniel Tetteroo, Thelxi Mamagkaki,
Mariana Serras Pereira, Wei Chen, and Sidarto
Bambang Oetomo. 2012. Mimo: a non-
pharmacological comforting solution for preterm
neonates. In Proceedings of Global Health 2012: the
First International Conference on Global Health
Challenges, 1-6.

[70]Jillian Vinall, Steven P. Miller, Vann Chau, Susanne
Brummelte, Anne R. Synnes, and Ruth E. Grunau.
2012. Neonatal pain in relation to postnatal growth in
infants born very preterm. Pain 153, 7: 1374-1381.
https://doi.org/10.1016/j.pain.2012.02.007

[71]Jillian Vinall, Melanie Noel, Timothy Disher, Kim
Caddell, and Marsha Campbell-Yeo. 2018. Memories
of Infant Pain in the Neonatal Intensive Care Unit
Influence Posttraumatic Stress Symptoms in Mothers
of Infants Born Preterm. Clinical Journal of Pain 34,
10: 936-943.
https://doi.org/10.1097/ajp.0000000000000620

[72] Shimpei Watanabe, Shizuko Akiyama, Takushi Hanita,
Heng Li, Machiko Nakagawa, Yousuke Kaneshi,
Hidenobu Ohta, and Japan RED Filter Study Group.
2013. Designing artificial environments for preterm
infants based on circadian studies on pregnant uterus.
Frontiers in Endocrinology 4.
https://doi.org/10.3389/fendo.2013.00113

[73]Martha G. Welch and Michael M. Myers. 2016.
Advances in family-based interventions in the neonatal

Page 14


https://doi.org/10.3389/fendo.2013.00113
https://doi.org/10.1097/ajp.0000000000000620
https://doi.org/10.1016/j.pain.2012.02.007
https://doi.org/10.1515/JPEM.1998.11.5.645
https://doi.org/10.2147/IJWH.S54666
https://doi.org/10.1080/07370020903586696
https://doi.org/10.1176/appi.psy.47.3.206
https://doi.org/10.1542/peds.2010-1080
https://doi.org/10.1109/TAFFC.2015.2457893
https://doi.org/10.3389/frobt.2017.00036
https://doi.org/10.1159/000357207
https://doi.org/10.1111/j.1552-6909.2010.01189.x
https://doi.org/10.1016/j.jpeds.2015.04.055

CHI 2020 Paper

ICU. Current Opinion in Pediatrics 28, 2: 163—169.
https://doi.org/10.1097/MOP.0000000000000322

[74] Christian J.A.M. Willemse, Alexander Toet, and Jan B.

F. van Erp. 2017. Affective and Behavioral Responses
to Robot-Initiated Social Touch: Toward
Understanding the Opportunities and Limitations of
Physical Contact in Human—Robot Interaction.
Frontiers in ICT 4.
https://doi.org/10.3389/fict.2017.00012

[75] Nicholas Williams, Karon MacLean, Ling Guan, Jean
Paul Collet, and Liisa Holsti. 2019. Pilot Testing a
Robot for Reducing Pain in Hospitalized Preterm
Infants. OTJR: Occupation, Participation and Health
39, 2: 108-115.
https://doi.org/10.1177/1539449218825436

[76] Aimee van Wynsberghe. 2013. Designing robots for
care: care centered value-sensitive design. Science and
Engineering Ethics 19, 2: 407-433.
https://doi.org/10.1007/s11948-011-9343-6

[77] Steve Yohanan and Karon E. MacLean. 2011. Design
and assessment of the Haptic Creature’s affect display.
In 2011 6th ACM/IEEE International Conference on
Human-Robot Interaction (HRI), 473—480.
https://doi.org/10.1145/1957656.1957820

[78]John Zimmerman, Jodi Forlizzi, and Shelley Evenson.
2007. Research Through Design As a Method for
Interaction Design Research in HCI. In Proceedings of
the SIGCHI Conference on Human Factors in
Computing Systems (CHI *07), 493-502.
https://doi.org/10.1145/1240624.1240704

[79]Jill G. Zwicker, Ruth E. Grunau, Elysia Adams, Vann
Chau, Rollin Brant, Kenneth J. Poskitt, Anne Synnes,
and Steven P. Miller. 2013. Score for neonatal acute
physiology-II and neonatal pain predict corticospinal
tract development in premature newborns. Pediatric

Paper 412

CHI 2020, April 25-30, 2020, Honolulu, HI, USA

Neurology 48, 2: 123-129.el.
https://doi.org/10.1016/j.pediatrneurol.2012.10.016

[80]2019. Health Canada. Retrieved January 5, 2020 from
https://www.canada.ca/en/health-canada.html

[81] Implementing Developmental Care | Philips
Healthcare. Philips. Retrieved September 4, 2019 from
https://www.usa.philips.com/healthcare/articles/imple
menting-developmental-care

[82] Breathing Phantom | Capintec, Inc. Retrieved August
27,2019 from https://capintec.com/product/breathing-
phantom/

[83] International Organization for Standardization (ISO).
ISO 13485:2003. Medical devices — Quality
management systems — Requirements for regulatory
purposes. ISO. Retrieved January 5, 2020 from
http://www.iso.org/cms/render/live/en/sites/isoorg/cont
ents/data/standard/03/67/36786.html

[84] CSA Group (Canadian Standards Association). CSA
Group. Retrieved January 5, 2020 from
https://www.csagroup.org/

[85] Standards Council of Canada - Conseil canadien des
normes. Retrieved January 5, 2020 from
https://www.scc.ca/

[86] International Electrotechnical Commission (IEC). IEC
60601-1:2018 SER. Series. Medical electrical
equipment - ALL PARTS. Retrieved January 5, 2020
from https://webstore.iec.ch/publication/2603

[87] International Organization for Standardization (ISO).
ISO 14971:2007. Medical devices — Application of
risk management to medical devices. Retrieved January
5, 2020 from https://www.iso.org/standard/38193.html

[88]NVivo qualitative data analysis software | QSR
International. Retrieved January 4, 2020 from
https://www.qsrinternational.com/nvivo/home

Page 15


https://www.qsrinternational.com/nvivo/home
https://www.iso.org/standard/38193.html
https://webstore.iec.ch/publication/2603
https://www.scc.ca
https://www.csagroup.org
http://www.iso.org/cms/render/live/en/sites/isoorg/cont
https://capintec.com/product/breathing
https://www.usa.philips.com/healthcare/articles/imple
https://www.canada.ca/en/health-canada.html
https://doi.org/10.1016/j.pediatrneurol.2012.10.016
https://123-129.e1
https://doi.org/10.1145/1240624.1240704
https://doi.org/10.1145/1957656.1957820
https://doi.org/10.1007/s11948-011-9343-6
https://doi.org/10.1177/1539449218825436
https://doi.org/10.3389/fict.2017.00012
https://doi.org/10.1097/MOP.0000000000000322



