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Abstract: Soft robotics is used in real-world clinical situations, including surgery, rehabilitation,
and diagnosis. However, several challenges remain to make soft robots more viable, especially for
clinical interventions such as improving sleep quality, which impacts physiological and mental health.
This paper presents an autoethnographic account of the experience of sleeping with a companion
robot (Somnox), which mimics breathing to promote better sleep. The study is motivated by the key
author’s experience with insomnia and a desire to better understand how Somnox is used in different
social contexts. Data were collected through diary entries for 16 weeks (8 weeks without, 8 weeks
with) and analysed thematically. The findings indicate improved sleep and observations about the
relationship developed with the companion robot, including emotional connection and empathy for
the technology. Furthermore, Somnox is a multidimensional family companion robot that can ease
stomach discomfort and stress, reduce anxiety, and provide holistic care.

Keywords: sensing technology; medical robotics; sleep robot; autoethnography; insomnia; sleep;
arousal; hyperarousal; sleep intervention

1. Introduction

Insomnia is a sleep disorder characterised by difficulty falling or staying asleep, requir-
ing symptoms to persist for at least four weeks for diagnosis according to the International
Classification of Diseases (ICSD-10) [1]. Globally, the prevalence of insomnia and insuffi-
cient sleep pose significant public health concerns, with work-life boundaries blurring in
our 24 h society [2]. The Mayo Clinic identifies standard sleep disorders like sleep apnoea
and insomnia, often triggered by stress, medication, or mental health issues, particularly
affecting females and those over 60 [3]. This issue spans all age groups, often undetected
and contributing to economic costs through decreased productivity [4]. In developed
nations, around 30% report chronic insomnia symptoms [5], exacerbated by the COVID-19
crisis, leading to heightened mental health challenges [6].

Those affected with these conditions often experience constant fatigue, low mood, re-
duced energy, and impaired attention [5]. Adequate sleep is essential for both physical and
mental health. The absence of quality sleep can lead to daytime tiredness, irritability, and
reduced cognitive function. This leads to a negative impact on work and overall quality of
life [3]. Moreover, insomnia commonly co-occurs with various conditions such as diabetes,
hypertension, depression, and neurodegenerative disorders, contributing to decreased
lifespan and cognitive impairment [7]. Recognising and treating sleep abnormalities early
may help delay functional decline and mitigate associated risks [8].

Clinicians commonly recommend several treatments for insomnia, including lifestyle
changes, medications, and cognitive-behavioural therapy (CBT). Medication is often the
preferred choice due to accessibility. However, it can lead to significant improvement,
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albeit with potential side effects like daytime drowsiness and dependence, necessitat-
ing dosage adjustments and causing dizziness. Alternatively, CBT usually takes about
six months to show effects and has proven more effective than medication, with a lower
withdrawal rate and no pharmacological risks. Additionally, non-pharmacological ap-
proaches such as muscle relaxation, mindfulness, and stimulus control therapy can enhance
sleep quality, but at a higher cost [9]. Medical experts prescribe medication in clinical
settings and use polysomnography as a gold standard for objective sleep measurement.
Outside clinical settings, sleep tracking devices, such as wearables or smartphones, offer
continuous monitoring options [10].

Increasingly, digital health technologies such as telemedicine, wearables, and app-
based sleep trackers are gaining importance in managing sleep problems and well-being.
Commercial developers have recently developed robots to promote improved sleep [11].
It also empowers people to live more independently by reducing the financial burden on
the NHS and minimising risks [10]. Due to the increase in population ageing and a shift in
the culture of working from home, which increases sleep disturbance, people require more
assistive technology for a better quality of life [10].

Somnox is a clinically tested sleep soft robot that is available on the market, for sleep
and well-being. Designers have created this weighted pillow-type robot with mechanical
and pneumatic elements that mimic breathing to improve sleep quality. Somnox can assists
users in falling asleep faster, achieving deeper sleep, and waking up refreshed. It is oper-
ated by artificial intelligence (AI) technology providing physical and auditory guidance
to slow breathing [12]. A randomised waitlist-controlled trial involving 44 adults with
insomnia and sleep-disturbing arousal investigated Somnox. The research included 79 as-
sessments consisting of pre- and post-arousal scales, a sleep diary, and actigraphy. Other
co-morbidities including anxiety and depression were also measured in the individuals.
Somnox demonstrated significant improvements in sleep quality compared to controls, par-
ticularly in reducing symptoms of insomnia and hyperarousal [12]. Additionally, that study
found that different breathing guidance could reduce hyperarousal and enhance sleep [12].
When other interventions like CBT and pharmaceuticals are inaccessible, Somnox can be
used as a an alternative [13].

Although these initial studies have paved the way for using soft robots for sleep and
well-being, they still provide some limitations. Therefore, we propose leveraging those
in this paper. Previous studies primarily relied on a short self-reported questionnaire
during the clinical trial to assess sleep improvement, neglecting other measurable factors
like anxiety, well-being, and broader human—computer interaction (HCI) aspects such
as usability and user experience [12]. Our study employs an in-depth qualitative and
quantitative approach through self-study autoethnography to uncover user experiences
and contextual insights. Contrasting everyday sleep environments with clinical settings
highlights the potential of our method to capture observations not typically observed in
patients [14].

Considering the practical implications of soft over hard robotics, especially in sleep
contexts, requires a distinct approach. Most research emphasises how materials shape
practices and user experiences, posing challenges in understanding interaction designs
due to the varied materials used [15]. We bring value by using the soft robot Somnox as a
home treatment to improve sleep and well-being, extending beyond conventional clinical
study settings to explore its efficacy in diverse real-world scenarios. Most of the clinical
studies performed on Somnox have focused on traditional sleep settings (e.g., sleeping in a
bed at night), and there are further 112 non-traditional contexts in which we identified the
Somnox system could be deployed and tested. These include whilst travelling, working,
resting during the day, staying in hotels and sleep settings.

This study provides empirical insights into the experience of sleeping and living with
a robotic sleep companion, potentially contributing a novel perspective to the HCI field.
While existing HCI research often concentrates on sleep tracking [16,17], this paper stands
out by focusing on interventions aimed at enhancing sleep quality. Moreover, it offers
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an opportunity to reflect on interactions with robotic companions, contrasting with other
companion robots like Paro [18], the Seal [19], and Purrble discussed in the HCI and HRI
literature [20]. Both Somnox and Purrble emphasise the self-regulation of emotions through
breathing and sensory stimulation. Our findings may encourage the development of more
personalised, multidimensional soft robotic solutions for sleep and mental well-being,
offering alternatives to conventional treatments without compromising patient outcomes.

2. Related Work

In our modern society, disrupted sleep results from various factors, including poor
sleep hygiene, excessive screen time, and electronic device use, such as smartphones, tablets,
and smart speakers emitting blue light that disrupts melatonin production. This study
highlights stress and screen usage as significant factors affecting sleep quality. According to
research, breathing through our mouths at night and external disturbances like noise and
traffic further contribute to interrupted sleep patterns. Therefore, most research suggests the
importance of quiet sleep environments and the potential benefits of scents like lavender in
promoting sleep. Additionally, physical sensations such as weighted blankets may reduce
anxiety and aid in falling and staying asleep [21]. Insomnia is increasingly prevalent not
only in adults but also in adolescents [22]. Predictions indicate a growing epidemic of
sleep problems linked to increased risk of depression, anxiety, and academic performance
decline [23].

2.1. Currently Available Digital Solutions

Various intelligent solutions exist for sleep and well-being, including digital thera-
peutics accessible through the Internet and smartphones. Class 1 medical devices like the
Lumie Bodyclock Luxe 750DAB, which gradually fades lights to regulate sleep patterns
and aid relaxation [24]. Intelligent pillows capable of playing sounds and detecting sleep
apnoea offer personalised real-time treatment [25], while smart embedded heating blan-
kets regulate temperature to enhance sleep [26]. Commercially available personal robotic
products such as Paro, Nao, and iRobot Roomba promote physical activity and well-being,
alleviate caregiver burden, and improve quality of life [10].

These robots mimic biological systems, possessing capabilities like detecting breathing
and sensory input, which influence human-robot interactions and experiences. With a
shift towards at-home care and an ageing population, there is a growing demand for
assistive robotic technologies to enhance the quality of life, especially amidst increasing
sleep disturbances due to cultural and lifestyle changes [10].

2.2. The Context of Human—Robot Interaction

Researchers and developers categorise robots for human interaction into “hard” and
“soft” robotics. Hard and complex robotics typically focuses on functional tasks, replicating
or replacing repetitive, dangerous, or menial tasks. On the other hand, soft robotics uses
softer and more malleable materials and is designed specifically for intimate human interac-
tion contexts, such as robotic companions. However, qualitative research into soft robotics
is challenging due to its infancy, making it difficult to test interactions rigorously across dif-
ferent contexts [27], while previous studies have explored interactions with traditional hard
robots in various contexts. Soft robotics is characterised by a body made from soft materials
and capable of autonomous behaviour. Some studies suggest that soft companion robots
effectively prevent loneliness in the ageing population and improve respiratory function
in children [28,29]. Soft robotic technology holds promise in modern science, society, and
medicine. It can potentially reduce clinician strain and promote better mental well-being.
However, challenges remain in terms of durability and reliability compared to traditional
devices. This necessitates further investigation, especially regarding its application in
medical technology and clinical care [30].

With the increasing burden on healthcare systems for sleep medicine care, devices
like soft robots offer potential stress management benefits and improve society’s overall
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well-being [31]. For instance, the novel robot Omnie has significantly improved anxiety and
focus through haptic interactions and audio cues [32]. Researchers have widely studied
one companion robot, Paro, which resembles a baby harp seal and is used for therapeutic
purposes. However, studies have found no significant difference in sleep outcomes between
control and robot groups [33]. While some studies suggest that robotic pets or companion
robots may have positive physiological and emotional effects on humans, contradicting
results highlight the need for further research in this area [10].

A recent paper shows how robots can significantly impact family dynamics by fos-
tering emotional connections and enhancing interactions within family units. The study
highlights the roles of various family members, such as parents, children, and siblings,
in engaging with robots in diverse contexts, including education, healthcare, and home
settings. It underscores the potential of social robots to act as companions, assistants, and
mediators, contributing to family well-being and cohesion. It guides and implements
social robots to effectively support and enrich family interactions [34]. Furthermore, an
interesting paper investigated living with a light touch and suggested the effectiveness of
haptic feedback on interpersonal connections. It fostered emotional closeness and helped
maintain meaningful long-distance relationships [35]. Another study, which looked at
designing multispecies worlds for robots, cats, and humans, found that integrating robots
into environments for animal care required careful design of both the robots and their
surroundings. Therefore, creating adaptive, intelligent environments that cater to all users
is essential to ensure safety, well-being, and successful interactions [36].

A joint autoethnographic study highlighted the difficulties faced by two UK-based
academics suffering from Ankylosing Spondylitis in balancing their professional duties
with chronic pain. Their findings indicated that enhanced support and understanding
within academic institutions were required to better accommodate and support individuals
dealing with chronic illnesses [37]. A collaborative autoethnographic study emphasised
the need for institutional support systems to manage researchers’ emotional strain when
studying long-term COVID in healthcare workers during the pandemic. The socio-political
climate and remote work exacerbated it. It suggested strategies like emotional reflexivity to
cope with these challenges [38].

2.3. Autoethnography

Autoethnographic diary studies are increasingly accepted in HCI and Computer-
Supported Cooperative Work (CSCW) [39]. They are used to monitor and record experi-
ences longitudinally providing an alternative to interviews and retrospective recall. It can
also introduce biases and overlook critical details. Inmediate reflection and recording of
experiences mitigate recall biases, enabling a deeper understanding of user perspectives
and emotional responses to technology use. This is crucial in HCI's design aspects and
technology evaluation. Unlike traditional methods, autoethnography combines observation
and personal experience, offering researchers and users’ perspectives simultaneously [40].
A method similar to autoethnography is ethnography, which is a well-established method
that focuses on describing and observing culture. At the same time, autoethnography
allows researchers to incorporate personal experiences, challenging assumptions in tech-
nology design and providing alternative interpretations [41]. Despite potential biases, this
method provides valuable insights into technology use while addressing ethical considera-
tions related to privacy and protecting individuals’ rights. Researchers have applied this
method in various contexts, including smart-home cybersecurity, mobile phone usage, and
wearable technology for babies [42]. Chang et al. provided detailed narratives of cultural
experiences, emphasising empathy and interpretation [18]. Autoethnography’s adaptability
allows researchers to question and reimagine technology use, as seen in the exploration of
mobile blood pressure monitor devices during non-routine usage [41]. Researchers have
used quantitative and qualitative methods to investigate healthy student sleep in sleep
autoethnography, creating artifacts to aid self-inquiry [43].
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3. Methodology

This section provides an overview of our autoethnographic method and details our
research procedure. Our focus is on three main areas: (1) Understanding the needs and con-
cerns of using the soft sleep robot technology, (2) comparing subjective and objective data
with or without Somnox, and (3) identifying design principles for long-term engagement
in individuals with sleep issues.

3.1. Autoethnography Selection: Rationale

We used autoethnography because it has been an established qualitative research
method in multiple fields. It involves the exploration of personal experiences to gain
insights into cultural phenomena. Initially introduced by Carolyn Ellis, a prominent
qualitative researcher and professor of Communication Studies, autoethnography has since
been widely utilised in various research [44]. Autoethnography offers a rich data source,
capturing intricate details that traditional research methods may overlook [45]. This method
is particularly valued when delving into unknown territories. This prompt researchers to
conduct pilot studies to gain in-depth knowledge, especially in emerging technologies such
as our soft robot “Somnox”. It also fosters methodological innovation, allowing researchers
to creatively gather data from personal narratives, ethnographic observations, and cultural
contexts [46]. In our case, we identified a gap in research regarding utilising the robot
“Somnox” beyond its intended purpose, e.g., improving sleep. Our study aimed to explore
its potential in various settings, both within and outside the home environment, e.g., while
travelling, using it at work, when feeling anxious or sick, or visiting family and friends.
This transparency in our research approach enables readers to contextualise our findings.

While acknowledging the subjectivity inherent in autoethnographic research, we
recognise its ability to capture diverse perspectives. This enriches our understanding
of the phenomenon. We particularly note that researchers have used such methods to
gain a better understanding of interaction and experience with digital devices. Prior
research, such as the examination of mobile device use during non-routine tasks [42],
has demonstrated the effectiveness of autoethnography in providing valuable insights,
particularly in the field of human—computer interaction. Our study drew inspiration
from similar research endeavours, such as exploring children’s interactions with robots in
domestic settings [47]. This aligns with our objective of investigating everyday interactions
with soft robots. It emphasises authenticity and reflexivity, prompting researchers to
critically reflect on their biases, assumptions, and cultural contexts [48]. This self-awareness
enables a comprehensive examination of the researchers’ role in shaping the findings and
uncovers connections between personal narratives and broader social structures.

3.2. Participant Information and Positionality (P = the Participant)

Note that we use the letter P to denote the participant for ease of reading. P was a
26-year-old Asian British Bangladeshi who suffered from insomnia and migraines with aura
since childhood, regularly managing these conditions with medication. With a background
in clinical and digital health research, P was particularly interested in the relationship
between sleep-related neurodegenerative diseases, given her family history of memory
problems, and explored the potential of soft robotic tools to aid patients. Despite maintain-
ing a healthy lifestyle through hydration, exercise, and balanced nutrition, P still struggled
with sleep onset and experienced migraine episodes. While familiar with various tech-
nologies like apps and wearables for sleep, P had not previously used the specific robot
“Somnox”. Other authors in this research shared interests in sleep and cognitive decline,
with one being a consultant neurologist with clinical expertise in sleep and neurodegener-
ative diseases. The remaining authors focused on soft robotic technology and possessed
expertise in understanding user experiences.
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3.3. Apparatus

We utilised the “Somnox” sleep robot (Figure 1), currently the sole soft robot available
for sleep aid. Resembling an intelligent pillow, Somnox employs soft robot technology,
automatically adjusting its breathing pattern to mimic human respiration, thus meeting the
criteria of a robot. Emitting sound and vibration interacts with users to induce a calming

effect and guide them towards relaxation [49].

Figure 1. Exploring sleep quality enhancement: image of Somnox soft robot companion in use.

This bean-shaped cushion detects and adapts to breathing patterns using a microphone
and motion sensor, synchronising with the user’s respiration rate. Additionally, it offers
a selection of music, including white noise and integrates with a mobile application for
breathing interventions and music uploads. Somnox weighs approximately 5 lbs and is
equipped with Al functionality. It facilitates bedtime routines meditatively and aims to
promote winding down at night [49]. The different components of Somnox are shown in
Figure 2. In addition to Somnox, we employed the commercially available Apple Watch
Series 3 for daily sleep monitoring [50]. Apple watches have been utilised by researchers as
alternatives to actigraph watches, demonstrating high accuracy in detecting adequate sleep
of 97.3%, a sensitivity of 99.1%, and a specificity of 75.8% [51].

Affection
and Comfort

The movement
from breathing
provides
affective needs
and the soft
material allows
people to feel
comfortable
when holding

Breathing
Program and

settings

Itis designed to
adjust
breathing ratio
and control
setting of the
device.
Different sound
could be
selected in the
app, plus
personal music

Figure 2. Somnox sleep system: improved sleep quality and well-being through soft robotic technology.

3.4. Research Procedure
3.4.1. Timeline

The study spanned 4 months, with the first 8 weeks dedicated to excluding the use
of the Somnox device, followed by 8 weeks of active usage. This duration was chosen for
its suitability to pilot the study and facilitating the collection of qualitative and quanti-
tative data, aligning with previous autoethnography studies [52]. Throughout the study
period, P maintained their routine and adhered to their medication regimen for migraine

management as needed.

3.4.2. Context

Figure 3 shows an example of a digital diary containing the gathered information.
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| fell asleep fairly early yesterday as | was very tired. My sleep was better partially due
to taking medicine and a long journey. | used the robot even on the bus and while listening
to music. | slept with my sister by the end of the night | abandoned Somnox as it was
taking up space, the bed was moving a bit, and the music was annoying to my sister
and was disturbing her sleep.

Afternoon- | have not used it during the day at all

Evening- | have not used Somnox much as | wasn't working today. Plus, carrying it from
upstairs to downstairs was a pain. Today, | am not having medicine as | am very tired
from working from home and had to help out with our renovation. Looking forward to a
good night's sleep. | think in terms of design, if we could have something that we

can attach to our body, that would be great. There were no instructions on how to hug it,

which could also be useful.

Figure 3. An example of an autoethnographic digital diary: reflecting daily experiences with Somnox
sleep robot.

P conducted an autoethnography study documenting daily routines and non-routine
activities (see Figure 4).

Routine activities included studying, clinic visits, remote or office work, public trans-
portation, and gym sessions. Somnox usage extended to atypical scenarios such as holidays,
travel, sleeping with a partner, and interactions with family, friends, and visitors. Others
also experimented with Somnox during these activities. P utilised Somnox during flights
and public transit journeys (Figure 4). We tracked sleep quantity and quality using an Apple
smartwatch. Workdays were interspersed with holiday breaks, alternating between home,
clinic, and office settings, involving frequent face-to-face interactions. Family interactions,
including a visit to a friend with engineering knowledge, provided additional insights.

(a) Sleeping with Somnox in bed (b) Holding Somnox during the flight (c) Carrying Somnox while traveling

Figure 4. Images of using Somnox in diverse contexts: exploring soft robotic sleep assistance in
various settings.

3.4.3. Procedure

We employed pre-planned guiding questions to ensure robust data collection through
reflective journaling to investigate the efficacy of tools like “Somnox” in improving sleep
habits. We structured our data collection, inspired by Cochrane et al.’s inside-out approach.
We gathered qualitative data through a daily digital diary, completed twice daily—once
in the morning upon waking and again in the evening for day-end reflection. Entries
comprised bullet points or paragraphs capturing experiences, emotions, and thoughts, with
no word limit. We preferred the digital diary method for its accessibility, spontaneity, and
efficiency in automatically logging detailed information, accommodating images, as well
as organising responses. P supplemented entries with contextual photos and descriptions.
Reflections encompassed design evaluations, task performance, ease of use, and impacts
on sleep and well-being. Additionally, objective sleep data were obtained from the Apple
Watch to compare intervention outcomes before and after using Somnox. This method
facilitated comparing subjective and objective measures of the companion robot experience.

The diagram below illustrates the activities and the process of data collection (Figure 5).
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Logging period
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Figure 5. Process of data collection: utilising reflective journaling and autoethnography to capture

+Evaluate entries =5 they
come in

#3art them into themes

+Report 2nd sharing
findings

=3et expectation
=Dizcuss the experiences
=3 months, 1.5 months
with Somnox and 1.5
months without Somnox

Data analysis

experiences with the Somnox sleep robot.

P pre-planned guiding questions (Table 1) to help obtain more valid data through
reflective journals, which focus on the first-person experience associated with sleep and
well-being. A first-person inquiry in HCI helps define personal experiences with technology,
fostering long-term design insights and self-awareness [53].

Table 1. Pre-Planned guiding questions for reflective journaling: structuring data collection for
investigating the impact of Somnox on sleep and well-being.

Questions

How do you feel interacting with Somnox?

What is your favourite thing about using it?

What is the biggest challenge you faced using it?

What would you change about it in terms of the design and to improve interaction?

How is it helping you?

What do you like about using it?

Are you becoming dependent if so, how?

When do you use it the most?

How has it impacted or influenced your lifestyle in any way?

What do you think about Somnox compared to other aids for sleep and well-being?

Do you think your sleep improved or got worse after using it?

4. Results
4.1. Data Analysis

The pilot diary study yielded 100 diary entries and 183 days of sleep data from an
Apple Watch (illustrated in Figure 3). Entries ranged from 100 to 400 words, occasionally
accompanied by images. The Apple Watch data were analysed using Python 3.8.5, while
the diary entries underwent iterative thematic analysis in NVivo software by the first
author [54]. The thematic analysis aimed to identify common patterns, highlight issues
related to the technology use, and understand its role in promoting sleep and well-being. A
thematic analysis, as introduced by Braun and Clarke in 2012 [55], is a systematic method
used to identify and analyse patterns (themes) within qualitative data. This approach
involves several key steps. For the analysis, the first author of this paper transferred the
digital diary entries to NVivo qualitative analysis software. Then, two researchers looked
at the data separately, familiarised themselves with the data, made some annotations at
first, and then created memo notes. Then, they coded the data by systematically labelling
meaningful segments that captured key concepts or ideas. Afterwards, they compared
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their analysis and created themes together. All the other authors then reviewed, refined,
and defined these themes with clear names that encapsulated the essence of the data.
Co-authors, including clinicians and HCI practitioners, contributed to data interpretation
and study design. The analysis focused on capturing the experiences and reactions of
both P and others, considering various factors influencing the use of the Somnox device in
different contexts. The generated themes are summarised in Figure 6, and each is theme
discussed in detail below.

— Motivation —Proposed intension

Challenges and benefits of
using Somnox

Sleep-specific issues

—— How the technology influenced sleep

Somnox

Wellbeing and mood

—— What effects Somnox had on emotion and feeling

Family and friends reaction to

interaction

—— Other type interactions and interpersonal relationship

Using Somnox outside of
home environment

Travelling outside home

— Using Somnox in unusual context

Unusual Physical experiences

+— Losing control over the device and how

__| Usability Requirements and Perceived concerns around user requirements, longevity and

Physical design of Somnox applicability

Overall design implications
and recommendations

Unexpected Outcomes | Empathy and ramifications of emotional dependence on the

device

Social and environmental |  Proposed influences on the use Potential changes and impac!

influences as a result of technology.

Figure 6. Generated themes of diary entries: exploring experiences and insights in living with the
Somnox sleep robot.

Central themes were identified, each containing three sub-themes detailed in Figure 6.
Those are discussed in detail in chronological order.

4.2. Theme 1: Challenges and Benefits of Using Sommnox

The study included a controlled comparison of P’s experience before and after using
the Somnox system to evaluate its impact.

4.2.1. Motivation: Transition from Medication to Technology for Sleep Improvement

The participant (P) expressed a strong inclination towards reducing dependency
on medication for managing sleep and mental health. P articulated, “I do not want to
be dependent on drugs for my health” reflecting a desire for alternative solutions. The
other reason P thought this was worth researching is that P encountered patients with
memory issues. P highlighted the challenges faced by patients with memory issues who
are responsible for medication adherence. P stated that it “puts a burden on them”, and
commented in the early weeks, “for many people, sleep problems are not serious health
issues”. Despite societal perceptions, P emphasised the significant impact of poor sleep:
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“without having a good night’s sleep, it is very difficult to work; it even affects my personal
and professional life”.

P’s interest in leveraging technology to improve sleep stemmed from a desire to help
individuals like herself achieve restful sleep without relying on medication or constantly
trying new methods. P expressed, “I want to help people like me have a good night’s sleep
without having to think about taking multiple pills, changing lifestyle habits, or trying
out new methods every day”. The disruption of sleep routines, particularly during travel,
motivated P’s exploration of technology-based solutions. P described the challenges faced
during holidays when the focus on sleep overshadowed relaxation: “it kind of takes joy
away from being all relaxing during the holiday, solely the focus is always on sleep”. P
expressed, “usually during the holiday, I have to think so much like the focus on what I
eat, whether or not to have a cup of coffee or an alcoholic drink”. P also said, “I had to
constantly think about having Somnox with me, which was quite annoying”.

P’s experience with Somnox revealed its effectiveness in promoting physical and
mental well-being. Somnox helped alleviate stress and anxiety during the day, contributing
to improved daytime functioning. P noted, “Somnox helped me to function better during
the day and reduced worry and palpitation”. The initial hesitation to use Somnox in public
was overcome by its practical benefits, including mitigating disturbances related to light,
noise, and temperature changes. P found it a helpful distraction and a means to address
lifestyle needs during holiday travels.

Somnox’s impact extended beyond sleep, as P observed changes in daily routines
and activities. P noted a cessation of bedtime reading habits during the period of Somnox
usage, highlighting its effectiveness in promoting uninterrupted sleep. P remarked, “My
habit of reading a book stopped, and I did not require any routines or interventions to
sleep”. Despite initial apprehension, P recognised Somnox’s role in facilitating relaxation
and comfort, ultimately contributing to improved sleep quality and overall well-being.

4.2.2. Sleep-Specific Issues

P’s first encounter with Somnox was when P “Opened the packaging, I felt like I was
almost holding a baby; it was quite heavy”, P noted, describing their initial encounter with
Somnox. Despite finding the material texture “very rough”, P remarked that it felt “more
suitable as a leg pillow”. P expressed uncertainty about how to hold it initially, pondering
whether it should be against the chest or stomach. Regarding usability, P commented,
“it may be more suitable for young adults due to the complex setup and use of the app
and settings”.

P found comfort in Somnox’s lighting and white noise, which made them feel reassured
about their surroundings. Reflecting on sleep quality, P shared, “My sleep quality declined
after I stopped using the device”, as shown in Figure 7 from the Apple Watch data. Somnox
was viewed as a sleep aid and a potential lifelong companion. P recalled, “Initially, sleep
seemed okay without it, but then my awake time increased over time”. This led P to resume
medication to ensure adequate sleep, highlighting the device’s significance in their sleep
routine. Reflecting on the experience, P expressed missing the sensation of hugging and
breathing against something in bed, suggesting the device’s adaptive breathing feature was
effective despite an initial annoyance.

4.2.3. Wellbeing and Mood

P noted the impact of Somnox on their well-being and mood, sharing, “Somnox
helped me fall asleep and provided comfort during stressful and anxious moments”. It
reduced palpitations and served as a source of solace when tense, reinforcing affective
needs. P suggested it could be beneficial for individuals living alone or grieving, likening
the sensation of respiration to holding a loved one’s belly.

In the absence of Somnox, P experienced feelings of loneliness and dependency, re-
alising they had become reliant on the device for relaxation and improved breathing. P’s
experience during a severe migraine underscored the device’s importance, prompting reflec-
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tion on its potential as a medical intervention. Detox from Somnox revealed its significant
impact on sleep quality and autonomy, prompting considerations about its classification as
a medical device. Despite perceiving Somnox as a friend, P questioned the role of robotic
companions in improving well-being and fostering confidence in interpersonal interactions.

4.3. Theme 2: What Was It Like Using Somnox Outside of the Home Environment?

This section of the study gained insight into the feasibility of using Somnox in several
unusual contexts.

4.3.1. Family and Friends’ Reaction to Interacting with Somnox: Somnox Meeting Friends
and Family

The participant’s interactions with friends and family unveiled a spectrum of reactions
to Somnox, from curiosity to scepticism. P’s friend’s comparison of Somnox to a “cashew”
exemplifies the diverse perceptions surrounding the device’s appearance and function.
Despite initial excitement, concerns about societal judgments prompted P to downplay
Somnox’s health-related purpose, framing it as a versatile “sleep robot” rather than a
medical device. To avoid disclosing health issues, P said, “This is a sleep robot, but I think
it can be used for much more than just sleep because I am unsure whether you can see
it as a buddy”. This tension between perceived utility and social stigma underscores the
importance of nuanced design considerations to enhance acceptability. P’s reluctance to
use Somnox in communal settings, citing disruptions in conversation and perceived hassle
in adjustment, suggests practical limitations in shared usage scenarios.

P’s apprehensions about others’ opinions regarding Somnox’s appearance and purpose
are evident in the statement, “I was worried about what people’s opinions would be!”.
Therefore, P’s strategic framing of Somnox as a multifunctional “sleep robot” to avoid
disclosing health issues highlights the complexities of navigating social perceptions. The
divergence between societal norms and personal experiences is further emphasised by
P’s friends’ comparisons between Somnox and conventional comfort items. This includes
teddy bears, and their subsequent discomfort with its unconventional appearance in public
settings. They said, “You can have a buddy, but this just looks a bit strange. Isn’t it a bit
odd to carry this outside home?”. They followed with, “Is it a bit usual for an adult to carry
a stuffy toy? It is a great source of embarrassment”.

P realised it was worth investigating acceptability beyond that audience and set to
think about designs. P was “sceptical and hesitant to sleep with “Somnox” during my
visit to my friend’s”. Although to “learn more about the device, it was essential to try it
while sleeping in a new environment”. It took P a long time to fall asleep, and while P was
conversing with P’s friend, “it disrupted the conversation because of breathing sound; I did
want to adjust it with the app, it was too much hassle”. Interactions with family members
revealed evolving perceptions of Somnox, from initial scepticism to integration into familiar
routines. P’s mother’s critique of Somnox’s appearance prompted reflections on design
considerations, highlighting the potential for anthropomorphic features to enhance user
appeal. Family members’ enjoyment of personalised music playlists and synchronised
breathing experiences underscored Somnox’s role as a communal sleep aid. However, P’s
reluctance to use Somnox due to its weight and inconsistent usage patterns during the
holiday suggests that individual preferences and situational factors influence the acceptance
and adoption of the soft robot Somnox.

It was awkward to conduct this self-study in public settings, especially when visiting
family and friends. Although the negative experiences taught P to “think about different
design considerations”. When P first took Somnox to a different city to visit family, they
first thought that because it was a robot, “it could walk and move”, but then P showed
them how it worked. Soon enough, “they began treating it as part of the family” and they
used it themselves to experience it. P’s mother thought it was “pretty weird looking, and I
would have preferred it if it was more colourful and cuter looking”. That made P think,
“A face would have been nice to have like a teddy bear which can be used for children
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to fall asleep as well as for postpartum mothers”. This suggests that when designing
technology, we should think about user needs and our duty to get a perception of nonusers.
Families mainly enjoyed putting on their “own music and listening to it while hugging
and napping”. Sometimes, “when any of the family members felt restless after a long day
roaming around, they would ask to use the robot to avoid outside influence”. One day,
“my mother and my sister both hugged from two sides to fall asleep on the sofa”, which
suggests a companion that does not need to be only used in bed. They both also said, “it
was easier to synchronise their breathing when they focused on listening to the podcast”.
At other times, “P was reluctant to use it when P was tired because of how heavy it is even
though P felt the need of it, but it was irritating to hold it”. During the holiday, P wanted
to use “Somnox right away, and sometimes every few hours”. It was noticed that due to
the disruption in their sleep cycle, “P was not always in the mood to use it, did not want
anything to sleep”. This suggests that the sleep robot is only sometimes the choice. People
need their own space and do not necessarily want Somnox to be their mediator.

4.3.2. Travelling Outside Home

Participants” experiences using Somnox during travel unveiled novel insights into
its efficacy and social dynamics. Despite initial reservations, Somnox provided a sense
of comfort reminiscent of childhood companionship. Additionally, P’s observations of
physiological feedback, such as “reduced impatience and travel anxiety”, suggest potential
benefits of Somnox beyond sleep induction. P’s proactive engagement with Somnox in
public settings facilitated serendipitous interactions with fellow passengers, fostering
curiosity and dialogue surrounding its function and utility. The device’s integration
into family dynamics during travel highlighted its role as a cherished possession and
conversation starter, challenging preconceived notions of robotic companionship. However,
perceptions of Somnox as an “alien” or unconventional travel accessory underscored the
need for public awareness and education initiatives to foster acceptance and understanding
of emerging technologies.

P’s strategic use of Somnox as a “neck pillow” during travel underscores the impor-
tance of positioning the device as a familiar comfort item rather than a novel or stigmatised
technology. Interactions with fellow passengers and security personnel further illustrated
the device’s potential as a conversation starter and catalyst for public discourse on emerg-
ing technologies. Typically, P’s sleep is adversely affected during travel due to changes in
environment and weather. However, P noticed a significant improvement in sleep quality
with Somnox, expressing that “my sleep was more calming and deeper”. This suggests
that such interventions can positively impact individuals without causing any side effects.
However, the perception of Somnox as an electronic device during airport security checks
highlighted the need for clearer communication and public education about its function
and purpose.

4.3.3. Unusual Physical Experiences

Participants’ physical experiences with Somnox revealed both benefits and challenges
associated with its usage. P’s initial discomfort with Somnox’s breathing patterns and
perceived invasion of personal space reflect the device’s potential to elicit mixed physical
responses. P initially found the breathing distressing, saying that “the breathing is not
soothing, rather unnerving”. The sensation of bed vibrations and intrusive breathing
movements posed challenges to sleep quality and interpersonal dynamics, exacerbating
anxiety and disrupting partner sleep. “It is almost like having a third person between
us”, suggesting Somnox could create distance in relationships. I’ also noted that it was
“creepy to have Somnox, and sometimes it felt like it can sense everything about you”.
“It’s like having a camera with a microphone that can see, listen and react”. “Sometimes
the breathing becomes slow and may think I am dead, or something is wrong with my
breathing [...] this would worry my partner and wake [...] up in the middle of the night”.
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At times when P “would go to bed and halfway through, it randomly breathes faster”.
This “increased my breathing and disrupted my sleep”, “leading to abandoning it”. The
following day, I would “not use it and would get rid of it for long hours until I would use
it for relaxation purposes”. This denotes that to optimise the sleep robot’s usage, it must
work accurately.

4.4. Theme 3: Overall Design Implications and Recommendations

This theme encompasses the information gathered pertaining to future design ideas
and applications.

4.4.1. Usability Requirements and Physical Design of Somnox

Travelling with Somnox revealed a significant usability challenge: its weight; “it is very
heavy”. The participant found it cumbersome, with P noting that it was like carrying a “big
bag”. This inconvenience led to deliberate decisions to forego engaging with the technology
during travel. Over time, the participant increasingly perceived Somnox as burdensome,
“it was a headache”, particularly when transporting it between different locations. P
“avoided using Somnox as it was a pain to carry it from upstairs to downstairs”. That
made P think that in terms of the design, “if we could create a technology that is more
lightweight, wearable, and portable, it would be useful”. The rigidity of Somnox’s shape
further compounded usability issues, prompting suggestions for a more malleable design
to enhance portability.

Additionally, the participant identified several design enhancements to improve Som-
nox’s functionality and user experience. Suggestions included integrating a temperature
sensor for relaxation purposes and incorporating features to monitor breathing rates and
oxygen levels. P said “if Somnox had a temperature sensor, it could be beneficial for
relaxation. It will act more like a temperature-changing pillow” and “if Somnox could
detect breathing rates and oxygen levels, it would be useful to monitor when breathing
is insufficient or irregular”. Such advancements could serve as alternatives to bulky med-
ical devices like CPAP machines, aligning with the growing demand for digital health
interventions for sleep management.

Early usability issues, such as uncertainty about automatic shutdown features, under-
scored the importance of intuitive design. P said, “I was enthusiastic about exploring the
app, but with time, due to malfunctioning at times, I lost interest”. Despite these challenges,
P consistently reported feelings of comfort and relaxation while using Somnox. However, a
lack of understanding of breathing techniques hindered confidence in adjusting settings,
highlighting the need for user-friendly interfaces and educational resources within the
accompanying app. P “felt unsure and did not feel confident to change the breathing
settings”. Due to the uncertainty, P “stuck to default settings” and stated, “it would have
been helpful through the app to figure out how to improve breathing, where there are areas
for improvement”. They also suggested, “If the app could have adapted the breathing
setting according to the collected data, it would have been ideal”. This suggests that P
had a low engagement with the mobile app in the long term due to unfamiliarity and lack
of reliability.

The participant expressed a desire for “integrated wearables to track sleep metrics
conveniently and without the need for additional devices”. This would facilitate self-
reflection and streamline data collection, eliminating the need for separate gadgets like
smartwatches to “avoid the hassle of using a smartwatch”. Suggestions for improvements
also extended to the device’s physical features, with recommendations for lighter vibrations
“to make it more comfortable while sharing a bed with someone”. P also thought of
anthropomorphic elements to enhance emotional connection, like giving Somnox a “cute-
looking face”, which would improve human-robot interaction.
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4.4.2. Unexpected Outcomes

The participant experienced unexpected outcomes during the study, revealing Som-
nox'’s potential beyond sleep aids. Notably, on day 20, P found relief from stomach ache
by simply holding Somnox: “[some of my] pain was relieved simply by holding Somnox”,
highlighting its therapeutic potential for pain management. Similarly, while using Somnox
at work, P described “feeling comfort and warmth akin to a hot water bottle”, suggesting
versatile applications beyond traditional sleep aids.

An unexpected emotional connection emerged as the participant grew reliant on Som-
nox for sleep and mood improvement. Early in the study, P noticed feelings of emptiness
and unease when Somnox was absent, indicating emotional dependence. This emotional
bond extended to empathetic responses towards the device’s perceived emotions, with P
expressing concern for unintentionally mistreating Somnox.

Curiosity and speculation arose regarding Somnox’s behaviour and emotional capa-
bilities. The participant pondered whether Somnox could experience loneliness or react
emotionally to neglect, suggesting human-like attributions to technology. P stated, “If
Somnox was imitating heavy breathing or playing music temperamentally, I got angry
and threw it away unintentionally”. This made P wonder if the device “felt hurt by my
actions”. This observation suggests that we build expectations from our technology over
time and project emotions onto them. Additionally, concerns about accidental contact
or displacement of Somnox underscored the evolving dynamics and interactions within
shared spaces.

The absence of Somnox disrupted the participant’s routines and heightened awareness
of their dependence on the device. Despite initial reservations and perceived creepiness,
the participant found themselves missing Somnox’s presence and its soothing effects, even
resorting to medication when without it. P “wondered how it felt, whether it feels emotion
towards me or does it feel lonely when I casts it aside”. This leads to the idea of robots
having emotions and feelings as they learn to behave in a certain way. Giving computers
emotions could be useful as it will be easier and more enjoyable to interact with them [56].
When P shared a bed with P’s sister during the holiday, P’s sister said she was worried that
“I'might accidentally kick or touch Somnox”, and P also expressed concerns, “I was worried
that I might annoy my sister due to the music”.

P experienced a situational change when they no longer engaged with the technology.
P noted that “for 6 weeks, on the first day when I did not use it during the day, I ‘felt a bit
empty’ as I would usually sit down with Somnox to work from home. I was habituated
to having it on my lap, so it did disrupt my routine”. During the evening, when P sat
to watch TV, P described their state as feeling “uneasy”. Initially, when P started using
Somnox, P thought “it was a pain to use this all the time”. However, after stopping use for
the day, “I did not hate it as much I thought I did”. P was not sure whether P was missing
holding a “hot-water bag” in P’s lap or the Somnox when it was absent. Similar feelings
continued for a few days. On day 10, P noted that without the Somnox intervention, P’s
sleep deprivation became prominent, forcing them to take medication again. When P slept
with medication, it made P “feel tired the next day”. However, with Somnox, they felt
relatively more relaxed even when using it in conjunction with medication.

The manual instruction needed more information for first-time users. P “did not
self-experiment with the breathing setting” due to a lack of guidance. During the last
weeks, P started experimenting with YouTube videos” guidance and changing breathing
settings on different nights in Somnox to see whether any changes could be seen.

On day 16, “whilst holding it, I realised it may trigger some people’s experiences of
holding a child, and it might be beneficial to improve sleep but also cognition”. Experimen-
tation with breathing settings and observations of Somnox’s resemblance to holding a child
hinted at its potential benefits for individuals with memory loss or emotional needs. On
day 2, P was upset and the “first instinct was to hug Somnox and it somehow cheered me
up and I wished it could hug me back”. On day 15, P fell asleep with the Somnox while
watching movies at night, and a cousin saw this. When P woke up, their cousin had many
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questions, including when P used the device, to which P replied with working, travelling,
and performing other non-routine tasks such as watching TV; “This made me realise how
much time I spent with it”.

4.4.3. Social and Environmental Influences

During the last week of the control period (days 15 to 21), P stayed at their friend’s
house and noted that sleep was deteriorating “as I was used to using it in the same setting
for along time”. P also mentioned, “I was scared when I slept alone because of the breathing
as if someone is sleeping next to me when Somnox got detached from me”. P practised
sleeping with Somnox, which comforted P, but after stopping using it, P was missing it
and shifted to hugging a pillow in the absence of Somnox. P described their feelings as
an “addiction to technology use”. P noted that “sleeping without it in the bed made it feel
empty, and P would search for it at times”. Also, “I sometimes thought, is this alive? I left
it. Did it feel alone?”. This shows that empathy for technology can lead to dependence on
technology. Also, there were withdrawal symptoms even with the technological invention;
therefore, preventative strategies need to be introduced to reduce this effect. On some days,
P forgot to use the device throughout the day, and on other days, “I felt uncomfortable
using it due to social inappropriateness”. Therefore, it is important to consider different
social and environmental factors when using social companion robots.

4.5. Quantitative Data—Apple Watch

Figure 7 presents Apple Watch sleep data, providing insights into the relationship
between Somnox usage and sleep quality for participant P. Sleep quality metrics derived
from the Apple Watch data demonstrated a noticeable improvement after P began using
Somnox. This suggested a potential positive correlation between Somnox and sleep. We
observed a gradual decline in sleep quality indicators as P used Somnox less frequently.
This pattern reinforced the possible association between Somnox use and sleep benefits. The
integration of qualitative diary data complemented the Apple Watch findings. Diary entries
supported a decline in subjective sleep quality after P stopped using Somnox, aligning with
the trend seen in the objective data. While numerous factors influence sleep, the data in
Figure 7 point to a likely positive impact of Somnox on P’s sleep quality. It is important to
note that these data are indicative, and further research is needed to establish a definitive
causal link.

Somnox e With SOMNOX rendline (With Somnox)  =eereeees rendline (Without Somno:

Figure 7. Sleep data trends over 16 weeks: visual analysis with trendline.

We also conducted a Wilcoxon signed-rank test; we found a significant difference
(V =314.5, p < 0.05) between the two conditions and before using Somnox (mean = 264.73)
and after using Somnox (mean = 323.35). This difference, accompanied by a moderate
effect size (0.372), indicated a meaningful improvement in sleep quality following the use
of Somnox.

The observed correlation between Somnox usage and participant P’s sleep aligns with
other studies exploring the use of haptic feedback and rhythmic stimulation for sleep [57].
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This study highlights the interplay between objective sleep data and user experience, sug-
gesting that adherence and perceived benefits are crucial factors in determining technology
effectiveness. This underscores the need for HCI approaches that prioritise user-centred
design and long-term engagement when developing such technologies [58].

5. Discussion

The objective Apple Watch data and subjective insights from P’s diary offered a richer
interpretation of P’s sleep patterns. These findings, though inconclusive, contributed to
the understanding of Somnox as a potential sleep aid. The observed correlation, combined
with the participant’s self-reported experiences, suggested that further investigation into
the effects of Somnox on sleep quality was warranted.

This study delved into maximising the optimal utilisation of the sleep robot system
Somnox. We initially conducted a literature review on personal informatics and sleep
solutions. Following this, we conducted an autoethnographic study using digital diary
recording and visualised Apple Watch data to gain profound insights.

Findings suggest that Somnox can be utilised across various settings and serve multi-
ple purposes. It provides insights into the lived experience of utilising a pillow-like soft
robot, offering breathing and vibrotactile interaction to induce relaxation and potentially
enhance sleep quality. The research utilised subjective sleep diaries and objective technol-
ogy data, aligning subjective experiences with objective measurements to ensure accuracy
in understanding behavioural changes. However, determining whether improvements
are psychological or attributable to medication remains challenging and warrants further
investigation, particularly regarding Somnox usage with or without medication. Som-
nox was perceived as a versatile tool for sleep, fostering a sense of companionship and
promoting awareness of sleep-related issues, particularly among individuals with sleep
disorders. This study underscored the importance of usability considerations and proposed
enhancements to Somnox’s functionality.

5.1. Benefits and Challenges of Sleep Robot

The breathing feature of Somnox, which is designed to provide a comforting sensation
akin to being hugged to bed, may evoke complex responses that warrant further exploration.
While intended to promote relaxation, this rhythmic breathing simulation could also trigger
unexpected reactions such as fear or discomfort, possibly due to its resemblance to a
living entity. Understanding the underlying science and phenomenology of breathing
and breath-based technologies is crucial for optimising user experience and addressing
potential concerns.

This study highlights the importance of investigating interaction modalities, particu-
larly breathing and sonification, within the context of sleep technology. Research in this
area can illuminate how such modalities facilitate non-verbal communication and rhythmic
attunement between humans and devices like Somnox. By studying these interactions,
we can understand how rhythmic stimuli, such as breathing patterns, influence emotional
states and physiological responses during sleep induction and relaxation.

Exploring the intersection of technology, physiology, and human perception opens
doors to innovative approaches in sleep therapy and wellness interventions. Future studies
should delve deeper into the nuanced effects of breath-based technologies on user psychol-
ogy and behaviour, considering individual preferences, cultural interpretations, and the
potential for personalized sleep experiences. This research can pave the way for enhanced
design principles and tailored functionalities that optimise the therapeutic potential of
devices like Somnox, ultimately improving sleep quality and well-being for users.

5.2. Implication for Design

Our autoethnographic exploration of living with the Somnox sleep robot offers nu-
anced insights with broader implications for researchers in health technology and sleep
studies. It provides a practical solution for improving sleep quality and overall well-being
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for a wide range of individuals. Potential users include those struggling with insomnia,
anxiety, or stress-related sleep disturbances, as well as shift workers, frequent travellers, se-
niors experiencing age-related sleep issues, and individuals diagnosed with sleep disorders
like sleep apnoea. Students and professionals facing high-stress levels, caregivers looking
after individuals with sleep-related challenges, athletes prioritising recovery, and people
seeking holistic wellness approaches can also benefit from Somnox. By targeting these
user groups, Somnox aims to provide a valuable sleep enhancement tool that promotes
relaxation, reduces stress, regulates sleep cycles, and supports overall sleep health and
quality of life.

The study underscores opportunities for designers and researchers to explore Som-
nox’s applications beyond clinical settings. Personalisation emerges as a critical aspect,
with suggestions for integrating features like multimedia capabilities, personalised inter-
ventions, and wearable technology. Enhancements such as a human-like face, temperature
sensors, and personalised intervention within the mobile application could enhance user
engagement and overall effectiveness.

In the future, researchers could integrate Al and machine learning technologies to
monitor individuals’ sleep patterns remotely, automatically analyse data, and share in-
sights with clinicians. With widespread adoption, these data could contribute to developing
predictive models for detecting sleep and mental health issues, facilitating personalised
and immediate treatment interventions. Integration with popular platforms like Alexa
could enhance performance, enabling improved music synchronisation and expanded
functionality. For example, we collected data from Apple Watch separately in our study.
However, integrating such technologies into unified devices or platforms capable of collect-
ing and analysing multiple data streams could significantly enhance performance and user
experience through streamlined data interpretation and presentation within the dedicated
Somnox apps.

5.3. Social Aspect

While Somnox is primarily used for sleep and napping purposes, broader social accep-
tance poses challenges for its utilisation in other contexts [59]. Somnox offers innovative
features for promoting relaxation and improving sleep quality, but its potential in diverse
settings needs to be improved regarding concerns about societal acceptance and depen-
dence on technology. Further investigation is warranted to examine the implications of
developing dependence on robotic companions like Somnox and the evolving nature of
human-robot interactions.

Understanding the dynamic relationship between robotic technology and human
emotions is critical in the context of advancing artificial intelligence. Qualitative studies
are essential for exploring how individuals perceive and interact with robotic devices like
Somnox in various settings, especially as these technologies become more sophisticated
and integrated into daily life. Research in this area can shed light on the psychological and
social implications of relying on robotic companions for emotional support and relaxation.

Moreover, investigating the long-term effects of technologies like Somnox on human
behaviour and social norms is crucial for shaping future developments in this field. By
studying user experiences and societal attitudes towards robotic sleep aids, researchers can
inform the design and implementation of such technologies to enhance user acceptance
and foster positive human-robot relationships.

As Al continues to evolve, the need for interdisciplinary research that bridges robotics,
psychology, and social sciences becomes increasingly apparent. This collaborative approach
is essential for ensuring that robotic technologies like Somnox are technically advanced
and ethically and socially responsible, ultimately contributing to improved well-being and
quality of life for individuals and society.
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5.4. Methodological Limitations and Future Research Directions

While this study offered valuable insights into using sleep robot systems like Somnox,
future research must address several methodological limitations. As this was a single-
participant study, one limitation lies in the sample size and demographic diversity of
participants. Future studies could benefit from a larger and more diverse sample size to
ensure the generalisability of findings across different populations and contexts. Addition-
ally, we could extend the duration of the study to capture long-term effects and behaviours
associated with soft sleep robot usage.

Another limitation concerns the reliance on self-reported data and subjective expe-
riences. Therefore, incorporating objective measures, such as physiological data or sleep
monitoring devices, including actigraph and portable electroencephalography (EEG), could
provide a more comprehensive understanding of the impact of sleep robots on sleep quality
and patterns. Furthermore, while autoethnography offers valuable insights into individ-
ual experiences, it may also introduce subjective biases. Future research could employ
complementary methodologies, such as qualitative interviews or observational studies,
to complement the autoethnography, or researchers could consider implementing mixed-
methods approaches that combine qualitative and quantitative data as well as biological
tests. This includes collecting blood samples, as well as cortisol and cortisone collection
methods, to triangulate findings and enhance the robustness of results.

Furthermore, it is essential to provide a clearer comparison with other technological
and non-technological sleep interventions. This could include methods like CBT, psy-
chotherapy, pharmacology treatment, smart sleep mats/mattresses, aromatherapy, and
more. Such a comparative analysis offers a broader context for understanding sleep robots’
unique advantages and challenges and could shed light on the effectiveness of different
sleep interventions. This could inform recommendations for improving sleep health out-
comes, a crucial aspect for clinicians and sleep experts in providing person-centred care
plans and for designers in creating technology personalised to the user’s needs.

6. Conclusions

The landscape of companion sleep robotic technology is steadily advancing, with
innovations like “Somnox”, the first soft-sleep robotic technology offering promising
solutions to the prevalent issue of sleep deterioration, particularly in ageing populations
facing increased workloads. This paper delved into the potential utilisation of Somnox
by elucidating an individual’s day-to-day experiences with this pioneering technology.
Despite its potential, soft robots such as Somnox have remained relatively obscure globally,
primarily due to a need for more awareness and understanding within the human-robot
interaction field. Commercially available soft robotic products are scarce, and evaluating
their safety and usability in real-world scenarios presents challenges.

Looking ahead, integrating breathing therapy and elements of cognitive behavioural
therapy into Somnox holds promise for improving sleep outcomes. Balancing the collection
of users’ subjective experiences with data collection methodologies is crucial for sustaining a
meaningful feedback loop. Furthermore, leveraging data visualisation as a communication
tool with medical experts can enhance the utility of Somnox in clinical settings.

Our findings suggest that Somnox serves as a viable companion and alternative
treatment option for sleep-related issues, emphasising the importance of user engagement.
Design strategies should focus on seamless integration, incorporating reminders and new
features such as bed sensors to enhance usability and reduce lapses in usage. This research
extends beyond clinical studies of Somnox, contributing to the broader field of HCI and
underscoring how sleep robots can positively impact individual well-being by fostering
human-robot interaction and support.



Multimodal Technol. Interact. 2024, 8, 53 19 of 21

Author Contributions: Conceptualization, B.B. and A.R.; methodology, B.B., A.R. and E.C,; validation,
B.B. and A.R,; formal analysis, B.B., A.R. and E.D.; investigation, B.B.; resources, B.B., A.R., E.C.
and E.D.; data curation, B.B.; writing—original draft preparation, B.B., A.R. and E.D.; writing—
review and editing, B.B., A.R., E.D. and E.C,; visualization, B.B.; supervision, A.R. and E.C.; project
administration, B.B.; funding acquisition, B.B. All authors have read and agreed to the published
version of the manuscript.

Funding: B.B. is supported by the EPSRC Digital Health and Care Centre for Doctoral Training (CDT)
at the University of Bristol (UKRI grant no. EP/S023704/1) as well as EP/P004342 /1.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the University of Bristol, Engineering Research Ethics Committee
(protocol code 12053 and 12 July 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Written informed consent also has been obtained to publish this paper.

Data Availability Statement: Data will not be made available due to privacy concern.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Fernandez-Mendoza, J.; Vgontzas, A.N. Insomnia and its impact on physical and mental health. Curr. Psychiatry Rep. 2013,
15, 1-8. [CrossRef]

2. Buysse, D.J.; Reynolds III, C.E; Kupfer, D.J.; Thorpy, M.].; Bixler, E.; Manfredi, R.; Kales, A.; Vgontzas, A.; Stepanski, E.; Roth, T.;
et al. Clinical diagnoses in 216 insomnia patients using the International Classification of Sleep Disorders (ICSD), DSM-IV and
ICD-10 categories: A report from the APA/NIMH DSM-IV Field Trial. Sleep 1994, 17, 630-637. [CrossRef] [PubMed]

3. Lipford, M.C.; Wahner-Roedler, D.L.; Welsh, G.A.; Mandrekar, J.; Thapa, P.; Olson, E.]. Correlation of the Epworth Sleepiness
Scale and sleep-disordered breathing in men and women. J. Clin. Sleep Med. 2019, 15, 33-38. [CrossRef] [PubMed]

4. Surani, S.R. Diabetes, sleep apnea, obesity and cardiovascular disease: Why not address them together? World J. Diabetes 2014,
5, 381. [CrossRef] [PubMed]

5. Kyle, S.D.; Morgan, K.; Espie, C.A. Insomnia and health-related quality of life. Sleep Med. Rev. 2010, 14, 69-82. [CrossRef]
[PubMed]

6. Tasnim, S.; Rahman, M.; Pawar, P.; Chi, X.; Yu, Q.; Zou, L,; Sultana, A.; McKyer, E.L.J.; Ma, P.; Hossain, M.M. Epidemiology of
sleep disorders during COVID-19 pandemic: A systematic scoping review. MedRxiv 2020. [CrossRef]

7. Spiegelhalder, K.; Regen, W.; Nanovska, S.; Baglioni, C.; Riemann, D. Comorbid sleep disorders in neuropsychiatric disorders
across the life cycle. Curr. Psychiatry Rep. 2013, 15, 1-6. [CrossRef] [PubMed]

8.  Pillaj, J.A.; Leverenz, ].B. Sleep and neurodegeneration: A critical appraisal. Chest 2017, 151, 1375-1386. [CrossRef] [PubMed]

9. Rosen, .M.; Kirsch, D.B.; Carden, K.A.; Malhotra, R.K.; Ramar, K.; Aurora, R.N.; Kristo, D.A.; Martin, J.L.; Olson, E.J.; Rosen, C.L.;
et al. Clinical use of a home sleep apnea test: An updated American Academy of Sleep Medicine position statement. J. Clin. Sleep
Med. 2018, 14, 2075-2077. [CrossRef]

10. Stere, S.J.; Beckman, L.; Jakobsson, N. The effect of robot interventions on sleep in adults: A systematic review and network
meta-analysis. J. Clin. Sleep Med. 2022, 18, 1877-1884. [CrossRef]

11. Darragh, M.; Ahn, H.S.; MacDonald, B.; Liang, A.; Peri, K.; Kerse, N.; Broadbent, E. Homecare robots to improve health and
well-being in mild cognitive impairment and early stage dementia: Results from a scoping study. J. Am. Med. Dir. Assoc. 2017,
18,1099.€1-1099.€4.

12.  Stere, S.J.; Tillfors, M.; Wastlund, E.; Angelhoff, C.; Andersson, G.; Norell-Clarke, A. The effects of a sleep robot intervention on
sleep, depression and anxiety in adults with insomnia-Study protocol of a randomized waitlist-controlled trial. Contemp. Clin.
Trials 2021, 110, 106588. [PubMed]

13. DPfeifer, R.; Lungarella, M.; Iida, F. The challenges ahead for bio-inspired’soft'robotics. Commun. ACM 2012, 55, 76-87.

14. Food and Drug Administration. Draft Guidance for Industry and Food and Drug Administration Staff. Applying Human Factors and
Usability Engineering to Optimize Medical Device Design; Food and Drug Administration: Rockville, MD, USA, 2011.

15. Giaccardi, E.; Karana, E. Foundations of materials experience: An approach for HCI. In Proceedings of the 33rd Annual ACM
Conference on Human Factors in Computing Systems, Seoul, Republic of Korea, 18-23 April 2015; pp. 2447-2456.

16. Choe, E.K; Consolvo, S.; Watson, N.E; Kientz, ].A. Opportunities for computing technologies to support healthy sleep behaviors.
In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems, Vancouver, BC, Canada, 7-12 May 2011;
pp. 3053-3062.

17.  Ravichandran, R.; Sien, S.W.; Patel, S.N.; Kientz, ].A.; Pina, L.R. Making sense of sleep sensors: How sleep sensing technologies
support and undermine sleep health. In Proceedings of the 2017 CHI Conference on Human Factors in Computing Systems,
Denver, CO, USA, 6-11 May 2017; pp. 6864—6875.

18. Chang, H. Autoethnography as Method; Routledge: London, UK, 2016.


http://doi.org/10.1007/s11920-013-0418-8
http://dx.doi.org/10.1093/sleep/17.7.630
http://www.ncbi.nlm.nih.gov/pubmed/7846462
http://dx.doi.org/10.5664/jcsm.7564
http://www.ncbi.nlm.nih.gov/pubmed/30621827
http://dx.doi.org/10.4239/wjd.v5.i3.381
http://www.ncbi.nlm.nih.gov/pubmed/24936259
http://dx.doi.org/10.1016/j.smrv.2009.07.004
http://www.ncbi.nlm.nih.gov/pubmed/19962922
http://dx.doi.org/10.1101/2020.10.08.20209148
http://dx.doi.org/10.1007/s11920-013-0364-5
http://www.ncbi.nlm.nih.gov/pubmed/23636987
http://dx.doi.org/10.1016/j.chest.2017.01.002
http://www.ncbi.nlm.nih.gov/pubmed/28087304
http://dx.doi.org/10.5664/jcsm.7540
http://dx.doi.org/10.5664/jcsm.10022
http://www.ncbi.nlm.nih.gov/pubmed/34610481

Multimodal Technol. Interact. 2024, 8, 53 20 of 21

19.

20.

21.

22.

23.

24.

25.

26.
27.
28.
29.

30.
31.
32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Slovék, P.; Theofanopoulou, N.; Cecchet, A.; Cottrell, P; Altarriba Bertran, F; Dagan, E.; Childs, J.; Isbister, K. I just let him
cry... Designing Socio-Technical Interventions in Families to Prevent Mental Health Disorders. In Proceedings of the ACM on
Human-Computer Interaction, Palma, Spain, 12-14 September 2018; Volume 2, pp. 1-34.

Cottrell, P.S. Supporting Self-Regulation with Deformable Controllers; University of California: Santa Cruz, CA, USA, 2021.

Bigalke, J.A.; Greenlund, L. M.; Nicevski, J.R.; Carter, ].R. Effect of evening blue light blocking glasses on subjective and objective
sleep in healthy adults: A randomized control trial. Sleep Health 2021, 7, 485-490. [PubMed]

Guo, N; Luk, T.T,; Wu, Y,; Lai, A.YK; Li, Y;; Cheung, D.Y.T.; Wong, ].Y.H.; Fong, D.Y.T.; Wang, M.P. Between-and within-person
associations of mobile gaming time and total screen time with sleep problems in young adults: Daily assessment study. Addict.
Behav. 2022, 134, 107408. [PubMed]

Chorney, D.B.; Detweiler, M.F.,; Morris, T.L.; Kuhn, B.R. The interplay of sleep disturbance, anxiety, and depression in children. J.
Pediatr. Psychol. 2008, 33, 339-348. [PubMed]

Thompson, A.; Batterham, A.; Jones, H.; Gregson, W.; Scott, D.; Atkinson, G. The practicality and effectiveness of supplementary
bright light for reducing jet-lag in elite female athletes. Int. ]. Sport. Med. 2013, 34, 582-589.

Zhang, J.; Zhang, Q.; Wang, Y.; Qiu, C. A real-time auto-adjustable smart pillow system for sleep apnea detection and treatment.
In Proceedings of the 2013 ACM/IEEE International Conference on Information Processing in Sensor Networks (IPSN), Porto,
Portugal, 8-11 April 2013; pp. 179-190.

Song, W.; Lu, Y.; Liu, Y,; Yang, Y.; Jiang, X. Effect of partial-body heating on thermal comfort and sleep quality of young female
adults in a cold indoor environment. Build. Environ. 2020, 169, 106585.

Laschi, C.; Mazzolai, B.; Cianchetti, M. Soft robotics: Technologies and systems pushing the boundaries of robot abilities. Sci.
Robot. 2016, 1, eaah3690. [PubMed]

Amer, Y,; Doan, L.T.T. Partial soft body robots—A literature review. IOP Conf. Ser. Mater. Sci. Eng. 2020, 715, 012092.

Kitmuti, T.; Sukvichai, K.; Hasegawa, S.; Intarapanich, A. Design of a Respiration Imitator for a Breathable Soft Robot. In
Proceedings of the 2022 19th International Conference on Electrical Engineering/Electronics, Computer, Telecommunications and
Information Technology (ECTI-CON), Prachuap Khiri Khan, Thailand, 24-27 May 2022; pp. 1-4.

Cianchetti, M.; Laschi, C.; Menciassi, A.; Dario, P. Biomedical applications of soft robotics. Nat. Rev. Mater. 2018, 3, 143-153.
Wang, H.; Totaro, M.; Beccai, L. Toward perceptive soft robots: Progress and challenges. Adv. Sci. 2018, 5, 1800541.

Matheus, K.; Vazquez, M.; Scassellati, B. A Social Robot for Anxiety Reduction via Deep Breathing. In Proceedings of the 31st IEEE
International Conference on Robot Human Interactive Communication (RO-MAN), Naples, Italy, 29 August-2 September 2022.
Moyle, W.; Jones, C.; Murfield, J.; Thalib, L.; Beattie, E.; Shum, D.; O’'Dwyer, S.; Mervin, M.C.; Draper, B. Effect of a robotic seal on
the motor activity and sleep patterns of older people with dementia, as measured by wearable technology: A cluster-randomised
controlled trial. Maturitas 2018, 110, 10-17. [PubMed]

Cagiltay, B.; Mutlu, B. Toward Family-Robot Interactions: A Family-Centered Framework in HRI. In Proceedings of the 2024
ACM/IEEE International Conference on Human-Robot Interaction, Boulder, CO, USA, 11-15 March 2024; pp. 76-85.

Gaver, W,; Gaver, FE. Living with light touch: An autoethnography of a simple communication device in long-term use. In
Proceedings of the 2023 CHI Conference on Human Factors in Computing Systems, Hamburg, Germany, 23-28 April 2023;
pp- 1-14.

Schneiders, E.; Benford, S.; Chamberlain, A.; Mancini, C.; Castle-Green, S.; Ngo, V.; Row Farr, J.; Adams, M.; Tandavanitj, N;
Fischer, ]. Designing Multispecies Worlds for Robots, Cats, and Humans. In Proceedings of the CHI Conference on Human
Factors in Computing Systems, Honolulu, HI, USA, 11-16 May 2024; pp. 1-16.

Wilkinson, S.; Wilkinson, C. Pain, No Gain? A joint-autoethnography of our working lives as academics with chronic illnesses.
Int. J. Chang. Educ. 2024, 1, 4-10.

Maclver, E.; Adams, N.N.; Torrance, N.; Douglas, F.; Kennedy, C.; Skatun, D.; Santiago, V.H.; Grant, A. Unforeseen emotional
labour: A collaborative autoethnography exploring researcher experiences of studying Long COVID in health workers during
the COVID-19 pandemic. SSM-Qual. Res. Health 2024, 5, 100390.

Dunn, T.R,; Myers, W.B. Contemporary autoethnography is digital autoethnography: A proposal for maintaining methodological
relevance in changing times. . Autoethnography 2020, 1, 43-59.

Cunningham, S.J.; Jones, M. Autoethnography: A tool for practice and education. In Proceedings of the 6th ACM SIGCHI New
Zealand Chapter’s International Conference on Computer-Human Interaction: Making CHI Natural, Auckland, New Zealand,
7-8 July 2005; pp. 1-8.

Anderson, R.J. Representations and requirements: The value of ethnography in system design. Hum.-Comput. Interact. 1994,
9,151-182.

O’Kane, A.A; Rogers, Y.; Blandford, A.E. Gaining empathy for non-routine mobile device use through autoethnography. In
Proceedings of the SIGCHI Conference on Human factors in Computing Systems, Toronto, ON, Canada, 26 April-1 May 2014;
pp. 987-990.

Lockton, D.; Zea-Wolfson, T.; Chou, J.; Song, Y.; Ryan, E.; Walsh, C. Sleep ecologies: Tools for snoozy autoethnography.
In Proceedings of the 2020 ACM Designing Interactive Systems Conference, Eindhoven, The Netherlands, 6-10 July 2020;
pp. 1579-1591.

Ellis, C.; Adams, T.E.; Bochner, A.P. Autoethnography: An overview. Hist. Soc. Res. Hist. Sozialforschung 2011, 36, 273-290.


http://www.ncbi.nlm.nih.gov/pubmed/33707105
http://www.ncbi.nlm.nih.gov/pubmed/35717890
http://www.ncbi.nlm.nih.gov/pubmed/17991689
http://www.ncbi.nlm.nih.gov/pubmed/33157856
http://www.ncbi.nlm.nih.gov/pubmed/29563027

Multimodal Technol. Interact. 2024, 8, 53 21 of 21

45.

46.

47.

48.
49.

50.

51.

52.

53.

54.
55.
56.
57.
58.

59.

Rapp, A. Autoethnography in human-computer interaction: Theory and practice. In New Directions in Third Wave Human-Computer
Interaction: Volume 2-Methodologies; Springer: Berlin/Heidelberg, Germany, 2018; pp. 25-42.

North, S. Imaginary Studies: A Science Fiction Autoethnography Concerning the Design, Implementation and Evaluation of a
Fictional Quantitative Study to Evaluate the Umamimi Robotic Horse Ears. In Proceedings of the Extended Abstracts of the 2019
CHI Conference on Human Factors in Computing Systems, Glasgow, UK, 4-9 May 2019; pp. 1-11.

Gamboa, M. Living with Drones, Robots, and Young Children: Informing Research through Design with Autoethnography. In
Proceedings of the Nordic Human-Computer Interaction Conference, Helsinki, FL, USA, 26-30 October 2022; pp. 1-14.

Chun, B. Doing autoethnography of social robots: Ethnographic reflexivity in HRI. Paladyn, ]. Behav. Robot. 2019, 10, 228-236.
Somnox. Somnox Whitepaper, 2019. Available online: https:/ /somnox.com/wp-content/uploads/2019/06/20191203_Somnox_
Whitepaper.pdf (accessed on 18 May 2024).

Roomkham, S.; Hittle, M.; Cheung, J.; Lovell, D.; Mignot, E.; Perrin, D. Sleep monitoring with the apple watch: Comparison to a
clinically validated actigraph. F1000Research 2019, 8, 754. [CrossRef]

Roomkham, S.; Hittle, M.; Lovell, D.; Perrin, D. Can we use the apple watch to measure sleep reliably? In Proceedings of the
Sleep DownUnder 2018, 30th ASM of Australasian Sleep Association and the Australasian Sleep Technologists Association,
Brisbane, Australia, 25-28 October 2018; p. 12766.

Peters, M.A.; Wang, H.; Ogunniran, M.O.; Huang, Y.; Green, B.; Chunga, J.O.; Quainoo, E.A.; Ren, Z.; Hollings, S.; Mou, C.; et al.
China’s internationalized higher education during COVID-19: Collective student autoethnography. Postdigital Sci. Educ. 2020,
2,968-988. [CrossRef]

Cochrane, K,; Cao, Y.; Girouard, A.; Loke, L. Breathing Scarf: Using a First-Person Research Method to Design a Wearable
for Emotional Regulation. In Proceedings of the Sixteenth International Conference on Tangible, Embedded, and Embodied
Interaction, Virtual Event, 26 June-1 July 2022; pp. 1-19.

Joffe, H. Thematic analysis. Qual. Res. Methods Ment. Health Psychother. 2012, 1, 210-223.

Braun, V.; Clarke, V. Thematic Analysis; American Psychological Association: Washington, DC, USA, 2012

Cafiamero, L. Emotion understanding from the perspective of autonomous robots research. Neural Netw. 2005, 18, 445-455.
[CrossRef] [PubMed]

Dijk, E.O.; Nijholt, A.; Van Erp, ].B.; Van Wolferen, G.; Kuyper, E. Audio-tactile stimulation: A tool to improve health and
well-being? Int. |. Auton. Adapt. Commun. Syst. 2013, 6, 305-323. [CrossRef]

Carey-Smith, B.; Evans, N.; Orpwood, R. A user-centred design process to develop technology to improve sleep quality in
residential care homes. Technol. Disabil. 2013, 25, 49-58. [CrossRef]

Steinfeld, A.; Fong, T.; Kaber, D.; Lewis, M.; Scholtz, ].; Schultz, A.; Goodrich, M. Common metrics for human-robot interaction.
In Proceedings of the 1st ACM SIGCHI/SIGART Conference on Human-Robot Interaction, Salt Lake City, UT, USA, 2-3 March
2006; pp. 33—40.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://somnox.com/wp-content/uploads/2019/06/20191203_Somnox_Whitepaper.pdf
https://somnox.com/wp-content/uploads/2019/06/20191203_Somnox_Whitepaper.pdf
http://dx.doi.org/10.12688/f1000research.19020.1
http://dx.doi.org/10.1007/s42438-020-00128-1
http://dx.doi.org/10.1016/j.neunet.2005.03.003
http://www.ncbi.nlm.nih.gov/pubmed/15963689
http://dx.doi.org/10.1504/IJAACS.2013.056818
http://dx.doi.org/10.3233/TAD-130368

	Introduction
	 Related Work
	Currently Available Digital Solutions
	The Context of Human–Robot Interaction
	Autoethnography

	Methodology
	Autoethnography Selection: Rationale
	Participant Information and Positionality (P = the Participant)
	Apparatus
	Research Procedure
	Timeline
	Context
	Procedure


	Results
	Data Analysis
	Theme 1: Challenges and Benefits of Using Somnox
	 Motivation: Transition from Medication to Technology for Sleep Improvement
	Sleep-Specific Issues
	Wellbeing and Mood 

	Theme 2: What Was It Like Using Somnox Outside of the Home Environment?
	 Family and Friends' Reaction to Interacting with Somnox: Somnox Meeting Friends and Family 
	Travelling Outside Home 
	Unusual Physical Experiences 

	Theme 3: Overall Design Implications and Recommendations 
	Usability Requirements and Physical Design of Somnox
	Unexpected Outcomes
	Social and Environmental Influences

	Quantitative Data—Apple Watch

	Discussion
	Benefits and Challenges of Sleep Robot
	Implication for Design
	Social Aspect
	Methodological Limitations and Future Research Directions

	Conclusions
	References

