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Abstract of Master’s Thesis of Academic Year 2018

BAO-ME: Design of a Huggable Device to Improve Mental
Well-Being through Haptic Interactions
Category: Design
Summary

Affective touch is an essential instrument in interpersonal communication, hu-
man development and emotional support. The experience of positive bodily con-
tact plays a vital role in humans’ psychological health. The sensation of being
touched through physical embrace makes humans feel safe, more relaxed and less
lonely. However, in the modern world, due to the nature of fast-paced daily
life, there is an increasing absence of genuine haptic response between individu-
als. Moreover, the importance of touch has received little research attention and
is difficult to objectively study. This research presents BAO-ME, a zoomorphic
robot that is designed to help decrease stress levels and enhance feelings of support
and companionship by recreating the sensation of being hugged through haptic
interaction. This paper examines the ways in which humans who encounter BAO-
ME, experience and interact with the device and how their conclusions compare
to their preconceived expectations. Presented, is a user study in which volunteer
participants were required to interact with BAO-ME and complete a total of six
questionnaires in order to collect both quantitative and qualitative data. The
results from the latter findings will provide insight in to all aspects of the user
experience, thus assisting in redefining the future design of haptic robot pets and

the benefits they contribute in human emotional well-being.
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Chapter 1

Introduction

1.1. Background

Modern society is becoming increasingly competitive and it is thriving on
performance and perfection, which leads to an insidious increase in stress and
social isolation. Stress and isolation are two factors that are causing a lot of
mental issues that are often underestimated. Several studies have found that one
of the age groups that is more affected by such symptoms of stress and loneliness
are young adults, who "stressed out” more than six hours a day. [12] In recent
years, in countries such as Japan, a lot of young adults often move to the capital
cities looking for more jobs opportunities. A lot of them also makes the decision
to live in studio apartments alone by themselves. In a survey conducted as part
of the Mental Health Awareness Weak, The Mental Health Foundation conducted
a survey for more than 4,500 people and they found out that Millennials, those
ages between 18 and 38, feel more under pressure in comparison to older adults.
Young adults are finding it hard to cope manage their stress because they feel
they do not have enough time for themselves especially in the early stages of their
career. Every day life is always busy due the big amount of working hours and
young adults do not have enough time to fully relax and socialize with their peers.
Since a lot of them also live on their own, issues such as lack of social contact
increases and it leads young adults to feel more stressed, lonely and isolated. Just
as the lack of rest, food and water, the lack of social contact and affection leads

to several problems. Previous studies have proven that people who are affected
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by high levels of skin hunger are more likely to be less happy, sad and depressed,
lonely and in general, in worse health. They tend to experience more anxiety
and this also leads to a poor performance and effectiveness at work or university.
Lack of physical contact has both psychological, physiological, and psychosomatic
effects leading to symptoms such as fear, anxiety, sleep disturbance, fatigue and
lack of motivation. When coping with stress and feeling of loneliness, being in
contact with friends, lovers or pets seem to be a useful solution. However, it is
not always possible to be in contact with the beloved ones, especially throughout
a busy working day. Dealing with daily stress and feeling of isolation, requires
a more effective and immediate approach that can help young adults facing such
problems at any time of their daily life. Talking to other colleagues or chatting

on the phone is often a solution in order to control such negative feelings.

1.1.1 Stress

Stress can be defined as, the inadequacy to handle a perceived threat to an
individual’s mental, physical and emotional well-being which results in a series of
physiological responses [27]. This threat can be either positive such as the process
of finding a job or a graduation, or negative, also called distress, with examples in-
cluding work inefficiency or failing a university exam. Young adults can experience
both positive and negative threats throughout their daily lives. Since university
and work take a large portion of time in young adults’ life, they consequently
generate moments of intense stress. The way to handle working or university
environment differs on individuals, and the level of stress that each of them expe-
rience is also different considering personality, sex, cultural backgrounds, ability
to cope with issues, and other factors. It is hard to find a universal solution that
solve people’s daily stress. There is a series of previous research that analyze how
individuals deal with work and university related stress and most often mentions
social and physical contact with their peers. This type of interaction can be quite
effective in generating a change of mind and improve people’s mental well-being.
Interacting with peers is good way to relax after those times of persistent stress,
however, it might be difficult to constantly be surrounded by other people, espe-
cially during those moments where an individual might be alone facing certain

stressful issues.
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1.1.2 Loneliness

As a social species, humans always need a trusted social surround where they
can feel safe and secure in order for them to live a healthy life. As soon as individ-
uals perceive a certain level of social isolation or loneliness, their susceptibility and
sensitivity increase and strengthen feelings of sadness and depression. Isolation
and the feeling of loneliness often influence physiological and psychological func-
tioning and they even increase mortality. [18] Loneliness is a common experience
that 80 percent of young adults have reported to be affected by it. Loneliness is
generally considered as a synonymous of social isolation. An interesting point is
that, even if loneliness is identified as social isolation, people can still feel rela-
tively lonely even if they are surrounded by family and friends. Loneliness is often
defined as an afflictive feeling or a social pain that leads individuals thinking
their social relations are deficient in some important way. Loneliness is typically
measured by asking individuals to respond to a questionnaire such as the UCLA
Loneliness Scale [26]: “I feel isolated,” "I lack of companionship” and T feel
shut out and excluded by others.” The results from this questionnaire generally
indicate a range of scores that go from ”very much socially connected” to ”com-
pletely lonely”. Each human being is predisposed to the feeling of lonely that

consequentially leads to social disconnection and the hunger for social connection.

1.2. Motivation

Being a young adult can be a challenging moment throughout someone’s life.
It is the time of new discoveries, the moment that people need to assume their
own responsibilities, finishing university, starting their career and leaving their
families. This challenging moment can often influence the psychological health
of young adults giving them feeling such being overwhelmed, lonely and stressed.
Daily life can get busier and busier and there is not enough time to focus on
social relationships. This leads to lack pf physical contact that can make people
feel depressed and quite miserable. In this modern society, there is a big trend
of a lot of young adults expatriating from their own countries looking to find
new international experience. Living abroad, in a new culture where those young

adults are not able to speak the language, can be very tiring and stressful. The
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author of this research has personally experiences such challenges and difficulties.
Living alone in an apartment in a new country without speaking the language,
can be very upsetting. It is also very hard at the beginning to enter a social circle
and make new friends. Owning a pet that can help releasing loneliness and stress
is not always possible due to the fact that the majority of these young adults
live in small rented apartments that do not allow any pets. But what can help
alleviating such problems? As the Beatles have mentioned in one of their most
popular songs, "all you need is love” in order to feel happier, less stressed and
lonely. Hugging can be a perfect example as a form of love, that can help arising
joy and happiness. The purpose of this research is to find a way to solve such
problems related to stress and loneliness through hugging something anywhere

and at anytime of the day.

1.3. Research Purpose

Maintaining a persistent state of mental well-being is a challenge for many
young adults due to problems such as the feeling of being stressed and lonely.
The purpose of this research is to design BAO-ME, a robot backpack shaped as
a cute sloth that addresses the problems related to loneliness and exclusion by
helping maintain a healthy mental state through haptic interactions that recreate
the feeling of being hugged. By embedding the basic foundation of huggable
devices and haptic interactions, BAO-ME allows users to experience a moment of
affection and emotional warmth that can bring joy or happiness exercises almost
anytime, anywhere. BAO-ME also provides an interesting and engaging way that
motivates the users to hug it; it will call for their attention by vibrating over the
straps so that it can manifest its love as soon as the users hug it back. BAO-ME is
a robot pet shaped as backpack and will serve the purpose of carrying a companion
anywhere and anytime on a daily basis. One of the main goals of BAO-ME is
to provide effective emotional sensations to the users. However, it also represents
an everyday object that can make daily life more playful. BAO-ME is designed
both as a cute animal companion that users can hug and play with and practical
backpack able to carry their personal belongings around. In order to create an

effective huggable device, observational research was conducted on how people
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hug and how young adults deal with feelings of loneliness and stress.

Serving as a quick solution to daily stress and feeling of isolation, BAO-ME
therefore has to be designed to be easily accessible and act as a cute pet/compan-
ion that can help in daily stressful situations. It will be designed as a backpack
that users can easily carry around and interact with during a short break or ac-
cess it during their commute, to relax and feel less lonely. BAO-ME transforms
lonely and stressful days into more playful and comforting interactions. By using
BAO-ME, not only the users can hug a cute pet companion, but also they can

also receive tangible health benefits by reducing their stress and loneliness levels.

1.4. Objective and Hypothesis

The objective of this project is to design a robot pet bag as a huggable device
that can help reducing stress and loneliness levels throughout people’s daily life.
The sloth animals has been chosen because it resembles the idea of a relaxed
type of life. A bag has been chosen because of its practical daily use. And lastly
a huggable device has been chosen because it is proven that haptic interactions
can bring comforting feelings and emotions to potential users. The hypotheses
proposed here is that using a huggable device such a robot pet backpack can

decrease stress and loneliness levels.

1.5. Research Structure

e CHAPTER ONE (INTRODUCTION) introduces stress and loneliness

and their context, the motivation of this project and its purpose.

e CHAPTER TWO (RELATED WORKS) presents the literature re-
view and related works about the psychology of emotional touch and hug-
ging, affective haptic technology, huggable devices and human-robot pet

interaction.
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e CHAPTER THREE (DESIGN PROCESS) explains the design con-

cept, including the target persona, user scenarios and concept sketches.

e CHAPTER FOUR (IMPLEMENTATION AND EVALUATION)
describes the prototyping process and and analyzes the data using evaluation
method.

e CHAPTER FIVE (CONCLUSION) concludes the result of the evalu-

ation and discusses its limitations and future works.



Chapter 2
Literature Review

As mentioned in the previous chapter, the aim of this research is to design
a zoomorphic robotic bag that can help decreasing stress levels and managing
the feeling of loneliness by combining affective touch through haptic interactions.
The literature review is focusing on three different aspects that are related to the
topic of this research. In the first part, the literature review will focus on the
psychological meaning of touch and how hugging can release oxytocin levels and
improve people’s well-being. The second part will mainly talk about the area of
haptics and mediated tactile touch seen as a good affective communication tool.
The last part will explore the concept of human-robot interaction and how pet
robots are considered as an alternative way for pet therapy in places like hospitals

or care homes.

2.1. The Psychology of Emotional Touch

According to some of the researches from Harry Harlow, a well-known Amer-
ican psychologist (1959), touch is one of the most important elements that living
beings develop in the earliest stages of life as embryos. [17] In the article from
Dressler, the ”Psychology of touch”(1984) [8] it is noted that skin is the most
important organ of our whole body. When the eyes cannot see in the dark and
the ears cannot hear any sound, the only sense that allows humans to still be
able to re-create feelings and sensations through the whole sensory system, it is

touch. Touch is the most powerful non-verbal communication that allows humans



LITERATURE REVIEW 2.1. The Psychology of Emotional Touch

to express their own emotions and distinct feelings. It is interesting how people
can distinguish emotions just by the feeling of being touched. [19] Harlow’s studies
on the nature of love, have confirmed that touch plays an important role on the
development of interpersonal communication. It is proven that human need phys-
ical contact as much as they need to have food to survive. [16] Emotional touch is
simply defined as the action of placing your hands or getting close to someone in
order to show them empathy and affection. [34] Previous studies have proven the
importance of touch between parents and children throughout their early stages
of childhood. This leads the child to maintain a good emotional well-being that
can lead to capacity of living a healthier life in their adulthood. [2] In the article
"The effect of Interpersonal Touch during Childhood pd Adult Attachment and
Depression: A neglected areas of family and developmental Psychology” [2], the
experiment conducted proves that the way children perceive a touch from their
parents, it is always seen as a way to communicate their love, affect and protec-
tion. For the child this is an important factor because he develops a higher sense
of security and trust. Another study has also demonstrated how infants who re-
ceive more interpersonal touch and physical contact with their parents, are more
likely to perform better in life. They are also less exposed to the development of
depression and anxiety compared to the infants who received inconsistent physical
contact and support from their parents. [1] Clinically, the sense of touch is also
important in nursing care homes. Touching an ill patient is an essential element

for his emotional stability and overall wellbeing among older adults. [5]

2.1.1 Hugging as a Stress Relief

As part of the sense of touch, hugging is a type of endearment that consists
on two individuals putting their arms across each other’s bodies in order to get
closer. Numerous studies have demonstrated that positive physical contact such
as hugging decreases blood pressure and cortisol levels caused by stressful factors
and increases oxytocin levels, also known as ”love hormone” or ”cuddle hormone”
(since it is released when individuals bond together). [14] Ditzen et. Al also
examined how hugging a partner reduces cortisol levels and the feeling of being
stressed on women. [32] It has also been demonstrated that not only hugging not

only influences health status but it also induces altruistic and pro-social behaviors.
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In the book ”Pro-social development: a multidimensional approach” (2015) [3] an
experiment was conducted in a school to induce pro-social behavior on elementary
school children. Teachers were asked to use physical reinforcement such a hug as
soon as a child behaved. As a result of this experiment, the children’s pro-social
and altruistic behavior significantly increased. Apart from human to human hug
interaction, in another study from the article "touching a teddy bear mitigates
negative effects of social exclusion to increase prosocial behavior” (2011) [33] it is
proven that hugging an in-animated object such as a teddy bear, eases the feeling
of exclusion and decreases stress levels, suggesting that even in this case oxytocin
levels are released just by simply getting closer to a stuffed animal. Because stuffed
animals represent the idea of a real pet, it is interesting how in another article
” Attachment of people to companion animals. The Veterinary Clinics of North
America. Small Animal Practice” (1985) [38] it is stated that humans’ tendency
to get attached to animals it is because they convey a sense of well-being and
security. Based on these findings, it is interesting to explore the area of hugging
an in-animated object such a stuffed animal and examined how humans react

towards it.

2.2. Affective Haptic Technology

According to the article ” A guided tour in haptic audio visual environments
and applications” (2007) [9] haptics, is a term that comes from the greek verb
"haptesthai” that means to touch. It is the technology of adding the sensation of
touch and feeling to computers. When virtual objects are touched, they seem real
and tangible. Haptic senses links to the the brains sensing position and movement
of the body by means of sensory nerves within the muscles and joints. Despite
the fact that touch is considered one of the most important senses of the human’s
body, research still has not paid a lot of attention towards this sense and how to
use it communicate affection. [20] To communicate affection, a research area that
is defined as affective haptics is focusing on the acquisition of human emotions
through via tactile sensors and haptic interfaces. On the paper ” Affective Haptics:
Current Research and Future Directions” (2007) it is stated that affective haptics

focuses on how users emotionally react to haptic stimuli and feedbacks. [9] It is
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also proven that psychological health will benefit from the use of affective haptics
since it is able to recreate the sense of touch and physiological reactions such as
heart-beat, breathing, body-warmth etc. [37] In relation to the beneficial outcomes
in the area of mental health, affective haptics and emotional communication has
started to focus on the use of social robots such as robot pets for health therapy
and personal assistance. [41] In accordance of previous studies, it is possible to
notice that affective haptics is an interesting field that needs to get more attention
since it is proven that is has beneficial effects on humans’ life. This research will
take into consideration the field of emotional communication and affective haptics
in order to further explore the possibilities of reducing daily stress, feeling of

loneliness as well as isolation.

2.2.1 Affective Haptics through Tactile Touch

Tactile interfaces that are used for expressing emotional communication are
often represented as objects, wearable devices or robots. [9] A few research has
been done towards robots that can communicate emotions and can express their

feelings with humans.

Figure 2.1: The Haptic Creature

For example the Haptic Creature (Figure 2.1) is a touch-centric robot that
mimics an animal sitting on a person’s lab. The device reacts towards the modality
of touch in order to express itself through stiffing its ears, breathing and purring.
The combination of these different haptic stimulations are proven to bring positive

emotions to the people using the Haptic Creature. Throughout the experiment

10
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users felt the haptic creature could be their pet companion with which they have a
close and emotional relationship with. The device was also able to reduce anxiety

levels on the users who experience the creature’s active breathing. [42]

Figure 2.2: The Hapticat

The Hapticat (Figure 2.2) is a device developed for observing the effects
of haptic feedbacks on humans. The Hapticat is a relatively zoomorphic robot
that borrows behaviors from different pets. The main focus is to recreate the
tactile type of interactions that a cat generally gives such as its warmth, body-
weight, vibrations from purring and other small movements. The Hapticat will
express itself when the user starts to interact with it. It is able to reproducing
five distinct responses such as "asleep, playing dead, content, happy and upset”.
These responses are accomplished by selecting those mechanism such as breathing,

warming-up ete. [40]

QooBso
robot cat
pet

Figure 2.3: Qoobo, the robot cat pet

Qoobo (Figure 2.3) is a therapeutic robot from Yukai Engineering, that re-

sembles the idea of a cat. It is a cushion with a tail that mimics the motions of
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a tail by waving and swinging it as soon as the user starts to stroke the pillow.
Its playful way of communicating its emotions, provides a sense of comfort to the
users. Yukai Engineer is trying to design a minimalistic looking robot cat that

can provide that sense of joy that only animals can give. [25]

Figure 2.4: Nene

In the paper "Nene: an interactive pet device” (2027) [21] from a fellow stu-
dent from Keio Media Design, Nene (Figure 2.4) is an interactive therapeutic
device that is able to transmit real time simulations of a pet through different
tactile simulations such as temperature, sound and vibration. This is a research
is investigating the beneficial effects of robot pet therapy on humans in order to

decrease stress levels and reduce the feeling of loneliness.

According to the previous studies, it is noticeable to see how these current prod-
ucts which have been testified with a different range of users, are able to give a
sense of comfort and relaxation. By using different tactile interactions, such de-
vices are providing a whole range of emotional experiences that can be beneficial

in cases of mental stress and sense of isolation.

2.2.2 Huggable Devices

Huggable devices stands for those type of haptic inventions that are providing
the feeling of being hugged. Many researchers have been focusing on how to

incorporate the feeling of being hugged within technology by recreating different
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emotional experience that only a hug can transmit (such as the warmth of a hug,
the pressure of the arms over someone’s body, the breathing, the heart-beat etc).
In the paper ”A Hug from a Robot Encourages Prosocial Behavior” (2017) [30]
presents the effects on people when they are being hugged by a robot. A teddy-
bear looking robot has been designed and it is able to give reciprocal hugs to
people. At first the robot asks the participants to give it a hug and then it
asks if they want to make some donations. Through their experiment, it is showed
that the interaction with the robot teddy-bear encourages pro-social behavior
since participants were more likely to make a donation after being hugged. This
huggable haptic interaction proves to have positive effects on people mental health

and behavior.

Figure 2.5: Sense-Roid

Some Japanese researchers have designed a wired torso-shaped device that is
able to hug users. This device called the Sense-Roid (Figure 2.5) [28] looks like a
mannequin that is packed with pressure sensors. It is further connected to a jacket
worn by the user that replicates the hug through the help of air compressors. The
Sense-Roid recreates the illusion of a mutual hug through artificial muscles and
vibrating devices that are meant to give a comfortable and pleasurable feeling to

the user.
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BUBSY VEST

Figure 2.6: Bubsy vest

Bubsy vest (Figure 2.6) is another huggable product from a Pratt research
student, who has been focusing on anxiety and mental health and how to prevent
such negative feeling through a simple hug. He designed a vest with a teddy bear
coated in polyurethane vinyl to recreate an inflatable bladder. As the user inflates
the teddy bear, the vest starts to inflate around the waste. Depending on how
much air will be inflated, the user will more likely to experience different kind
of pressures that resemble the idea of a firm type of hug. When the vest is fully

inflated, the wearer can also hug the bear.

In conclusion it is proven how receiving a hug from a robot or a device can still
be able to recreate a comforting hugging experience that is more likely to calm

the user down.

2.2.3 Huggable Devices for Communication

In many cases, huggable devices are used as a form of communication between
two or more people. Such devices are designed to enhance physical intimacy in
the remote interaction between people. It is also demonstrated that hugging a
huggable communication medium reduces the cortisol levels in blood and it also
produces an effect at the endocrine level. From these findings, it is proven how
physical contact with such devices can be effectively used for mental stress re-
lief and feeling of isolation. [32] In the paper "HugMe: An Interpersonal Haptic
Communication System” (2008) [6], a design for synchronous haptic teleconfer-
encing system with touch interaction is presented. This system called HugMe

is able to make remote interactions more intimate whenever two people cannot
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physically meet. The system uses a force feedback device that the user can touch
to remotely connect to the other user who, in turn, can feel the touch through a
wearable jacket. This jacket contains different vibrotactile actuators, a tempera-
ture sensor and a heartbeat sensor in order to display a few of the most important

emotions such as love, joy, surprise, anger and sadness.

Figure 2.7: Huggy pajama

In the paper "Huggy Pajama: A Mobile Parent and Child Hugging Commu-
nication System” (2008) [35] some researchers from the National University of
Singapore focus on the study of the Huggy pajama (Figure 2.7), a wearable
system designed for promoting physical interaction between parents and children
when they are not physically together. This system consists of an interface device
and a wearable jacket that reproduce a the sense of being hugged.The hugging
device is a small, mobile doll with an embedded pressure sensors that are able
to sense different pressures of the human touch. This device sends hug signals in
turn to a haptic jacket that simulates the feeling of being hugged to the wearer.
This last one is designed with air pockets that when actuated, they are able to re-
produce a hug. It also has a heating element to produce the sense of warmth that
generally hugs transmit, and a color changing pattern. It is proven that remote
haptic interaction may be a good alternative when the parent must be away from
home due to busy work schedules. Although this system is not intended to replace
a real physical hug, is still proven to be a great benefit for remote communication
between parents and children. Based on this previous research, a final product

named Tjacket [36] has been designed and used in occupational therapy centers
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for children. This jacket simulates the feeling of a hug with applied air pressure in
order to calm and soothe the nerves of stressed infants. It is also able to recreate
different types of deep touch pressures by choosing different pressure programs on

a mobile application.

Figure 2.8: Parihug

Parihug (figure 2.8) is another example of a huggable plush creature that allows
to electronically connect to two lovers, parents or friends by hugging each other
from a distance. The two users can be on different sides of the world but they
are still able to feel each other’s presence by hugging the bear. When the stuffed
animal get squeezed, it will send a soothing haptic vibration to manifest a haptic
tele-presence.

Based o these finding it is interesting to notice how huggable devices for remote
communication can still be an efficient way to express people’s emotions via tactile

SEensors.

2.3. Human-Robot Pet Interaction

Human-Robot Interaction (HRI) is a field of research that focuses on under-
standing and evaluating the use of robots with humans. Interaction, by definition,
requires a form of communication between robotic devices and humans. Several
studies have demonstrated how a robotic companion that is able to display emo-
tions through haptic interactions (such as vibrations, movement, temperature etc),
can have positive and therapeutic effects on humans, especially those who can be

effected by any form of mental health problems. [31] Being touched by a robot also
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increases people’ s motivation and effort during monotonous tasks to the point

that are more likely to find a small form of excitement. [29]

2.3.1 Robotic Pets

Robotic pets are a sub-genre of socially interactive robots which are designed to
communicate emotions and interact with humans. Socially interactive robots are
becoming increasingly more important as robots are considered to have beneficial
repercussion on humans’ life. Numerous studies have also showed how long-term
interaction with animal-like robots have positive psychological effect on elderly

people. [39]

Figure 2.9: Paro robotic seal

An example can be Paro (Figure 2.9) [22], an advanced interactive robot in
a form of a white seal. It is used as a device in alternative of assisted animal
therapy at places such as hospitals and care homes. The robot is developed in
the way that it recognizes and learn how to behave in accordance to the user’s
decisions. For instance, if Paro does a certain action and it receives a stroke, it will
remember that as a good action and repeat it. Vice-versa if it get hit, it means
that action was bad and it will not repeat it again. Thanks to this ability, Paro
resembles more the idea of a living animal. Paro has been recognized to reduce
elderly people’s stress, improving their relaxation, motivation and socialization

with caregivers at the rehabilitation centers or care homes.
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( 3*

Figure 2.10: Sony Aibo

Sony Aibo (Figure 2.10) is another perfect example of social robot.Sony
Aibo is a dog with extremely robotic features that a series of sensors and cameras
to understand both its environment and the interactions with its user. In the
article ”Robotic Pets in Human Lives: Implications for the Human—Animal Bond
and for Human Relationships with Personified Technologies” (2009) [23] Aibo is
considered as a potential substitute of a real dog and it plays an important role as
a perfect artificially intelligent and social companion. Studies have also confirmed
that that children and adults often treated Aibo as if it were a living dog. Adults
owning Aibo developed a form of attachment towards it to the point that the even

treat him as a real dog.

In relation to these studies, it is revealed both that robot pets can be an effective

substitute for a living companion animal or Assisted-animal therapy.

2.3.2 The Uncanny Valley

The concept of the uncanny valley, an hypothesis postulated by by Japanese
robotics professor Masahiro Mori, (figure 2.11) is related to human-like robots
which appear almost, but not exactly, like real living beings. This leads to a
strangely familiar feeling of revulsion in the observers. Specifically, when robots
appear almost exactly human, people experience a series of mixed up feelings that
causes a sense revulsion and creepiness. However Fong et al. [11] postulated that
zoomorphic looking robots may suffer less from the “uncanny valley” because

the relationship between humans and animals are less complicated.
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25

Uncanny Valley o Healthy Person
———

Toy Robot
Bunraku Puppet

Industrial Robot

Human Likeness 50% 100%
Prosthetic Hand

Figure 2.11: The Uncanny valley

Affinity (Shinwakan)

Based on these studies, in order to avoid the pitfalls of the uncanny valley,
this research will explore further different types of haptic interactions that never

approximates realism.

2.4. Contribution of this Research

This research addresses the issue of stress and loneliness problems among young
adults, and aims to create a huggable communication device in order to reduce
negative feelings. BAO-ME approaches the concept of haptic interactions, hug-
gable devices and social pet robots to offer a new solution to reduce stress levels
and feeling of loneliness and isolation. BAO-ME will not only give users the chance
to hug a companion anywhere and anytime they want throughout their daily life,
but it will also help the users improving their quality of life and their psychological
well-being. Hence, the success of this research can contribute further research on
the field of haptic interactions devices and pet robots for people who may suffer
from any type of mental issues. The design concept and process will be further

explained in the next chapter.
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Chapter 3
Design Process

The aim of this research is to help users reduce their levels of daily stress
and lack of physical contact in a more playful and accessible way. Users will be
able to easily carry a robotic backpack anywhere they want to and interact with
it at any time of the day. By recreating the sensation of a small hug through
haptic feedback, the users will manage to soothe their nerves and flourish their
well-being. Throughout the design process is important to keep in mind that
the final goal of this research is to focus on what users need in order to feel less
stressed and lonely. In this chapter, the design concept, user research, process
and implementation will be introduced. The first section will discussed about the
concept and the initial idea. The second part will focus on the user understanding
and the overall design process. Lastly, the final section will mainly focuses on the

design limitations and its implementations.

3.1. Design Elements

BAO-ME is a robotic backpack in the shape of a sloth aimed for young busy
adults who can encounter stressful situations during their daily lives. By slightly
hugging them and making them feel there is always a constant presence with them,
BAO-ME helps reducing stress and the feeling of loneliness. It is a representation
of a cute pet that is always there, ready to cheer the user up in a more playful and
fun way. It is the perfect companion that it is always possible to bring around

since its purpose is also being a backpack. Based on the analysis of previous
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research, the recreation of the sensation of touch, the vibration, the heart-beat
and the warmth through a robot pet, are a good solution for fighting against the
feeling of loneliness and stress. The design of the backpack consists of these main

important features:

1. A vibration mechanism across the straps that represents a call from the
sloth trying to catch the attention of the users and making them believe it

is asking for a hug and some affection.

2. The vibration mechanism is always unexpected. The user does not decide
when the backpack vibrates and calls for a hug. The reason why this is
happening is because BAO-ME is supposed to have its own personality and
freedom to manifest its emotions and interaction whenever it wants to. The
autonomy of BAO-ME also leads the user to believe the backpack has its

own personality and it is like a real living creature.

3. When the users hugs the sloth backpack back, the sloth will show his love and
affection by the sound of his heart-beat through a music speaker embedded

in its chest.

4. When hugged, the "body” of the sloth will slowly increase its temperature

and warm up recreating the feeling it is alive.

5. Crossed shoulder straps that can make the backpack wearing more com-
fortable. This also resembles the idea of two long arms trying to hug the

user.

6. The backpack can be worn in the front side or in the back depending on the

user’s preference.

7. The "head” of the sloth backpack can be used to lay user’s head on it as if

it is a small cushion.

3.1.1 Backpack: Daily Object

Bags in general are easy to carry around and they are considered as an extra

attachment to people’s body. Like kangaroos have a marsupium (pouch) to carry

21



DESIGN PROCESS 3.1. Design Elements

their babies, humans use bags to carry their personal belongings. In the early
development of human civilization, bags were used in order to carry seeds and

fruit. [4] In the modern days, bags serve different purposes and usage such as:

e Practical usage: People carry bags to go to work, school, travelling, grocery
shopping etc.

e Status symbol: Many men and women use bags to show their social status,
style and individual identity. [15]

Bags also come in different shapes and different materials. There is a wide selection
of bags depending on the user’s purpose. Backpacks in the case of this research,
are mainly used to carry more objects or heavier loads. Backpacks are generally
considered safer to carry around since they are secured with two straps that go

over people’s shoulders. (Figure 3.1)

Figure 3.1: Japanese girl wearing a backpack

3.1.2 Sloth: Symbol of Relaxation

Sloths are arboreal mammals that mainly live in the tropical areas of South
America. Sloths are known for their laziness and slow movements. They spend

the majority of their time hanging on tree branches. [13] Since they are well known
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as slow and lazy animals, sloths resemble the idea of a relaxed type of life. Since
part of the purpose of this research is to reduce stress levels, sloth can be a perfect
example from the animal world that can transmit a calmer feeling. Sloths became
very popular because of the internet and media. This is also one the reasons why
a lot of people started to like them as their favourite kind of animal. In the recent
years a lot of animated films have as one of their protagonists, a sloth. They are
often represented as cute, friendly and funny creatures. Their funny shape of the
body and their long arms, also make sloths as perfect animals to hug. (Figure
3.2)

Figure 3.2: A brown-throated sloth hugging a child

3.1.3 Hug: Expression of Affection

The reason why BAO-ME has chosen the recreation of the concept of hugging
is because of its notorious healing powers against stress. As mentioned in the
previous chapter, numerous studies have demonstrated that hugging decreases
blood pressure and cortisol levels caused by stressful factors and increases oxytocin
levels. [14] Hugging BAO-ME will help easing the feeling of exclusion and decreases
stress levels, suggesting that even in this case oxytocin levels are released just by

simply getting closer to a stuffed animal.
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3.2. Fieldwork Research

The research has started with the aim of recreating a daily object that through
haptic interaction is able to personify a cute and cheerful companion for busy
young adults. To understand how young adults try to cope and deal with the
feeling of daily stress and loneliness, a fieldwork and two observations were con-
ducted.

Figure 3.3: Sakura

Fieldwork 1 This first fieldwork was conducted on April 18th on Sakura
Niimi. Sakura is a 25 years old Japanese girl who was born in Nara and moved
to Tokyo two years ago to start her new job. She graduated at the age of 23
and now she has started working as a full-time job recruiter. During a one-to-one
interview, it was asked her to talk about her previous day at work. Now that she
is in Tokyo, Sakura lives alone by herself. When she was living back in Nara, she
used to live with her family and a dog. Since she moved out from her home, she

said that one of the things she misses the most is her pet. Having a dog was a
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way for her to stay more positive. She also used to enjoy going for a stroll around
the parks with her dog. Throughout the interview, she mentioned that recently
she has been stressing a lot because of her full time job. Her boss often ask her
to stay until late and she always feel very tired. Since she finishes working late,
she does not get to go out with her friends. Throughout her day at work, Sakura
often feels lonely and overwhelmed and the only way for her to release her tension
is by video-calling her sister during her lunch break, while she is eating. Her sister
often shows their dog on the video-call and that always helps Sakura feeling more
relieved. On her way back home, she often falls asleep on the train if she can find
an available seat. Lying her head on her bag and covering her face is a good way
for her to find her own relaxing and comforting zone. At night when she is back
in her apartment, she video-calls her whole family while hugging a dog stuffed
animals and watching TV.This helps her feeling she is not alone. A flow model
and a mental model were created to analyze all her interactions throughout the
day. Family, pet and video-calling were the most frequent words used by Sakura
to describe what can help her releasing all her daily stress and feeling of loneliness.
Her family and her pet are one of the most important figures on Sakura’s life and

it is important for her to always feel their love and their presence.

Figure 3.4: Sakura’s Flow Model
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LISTENS TO HER BOSS
SEES NO FRIEND

SEES HER SISTER AND DOG
EATS FOOD

SLEEPS ON THE TRAIN
SEES HER FAMILY

TOUCH STUFFED ANIMAL

WATCH TV

SAKURA'S MENTAL MODEL

FEELING STRESSED

FEELING ISOLATED

FEELING NOT LONELY

FEELING HAPPY

FEELING MORE RELAXED

FEELING LESS LONELY AND
STRESSED

FEELING NOT LONELY

FEELING NOT LONELY

Figure 3.5: Sakura’s Mental Model
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Figure 3.6: Demi

Fieldwork 2 While travelling to Shanghai, the second fieldwork was con-
ducted on Demi Wang, a 25 years old Chinese female who is originally from Qing-
dao. Demi Wang is an assistant manager for an Investment and Re-Financing firm
in Shanghai. The fieldwork took place on the 23rd of April and it was possible to
observe Demi throughout one of her daily working days. She mentioned several
times that she often feels isolated from the rest of her collegues. Since she is one
of the youngest within her team, they often treat her as an outsider. This also
leads her to a lot of psychological stress because she does not feel fully part of
the team. One interesting point about Demi is that she keeps a small stuffed seal
on her desk that reminds her of her best-friend. During the fieldwork, she had to
complete a lot of different tasks that her boss required to be done within the same
day. She mentioned that looking at the small stuffed animal seal helps her going
through a tough day. She feels more motivated to complete her tasks because she
feels her best-friend is thinking about her and she is constantly with her. During
her lunch break, Demi meets up with one friend who works in the same area as
hers. Interacting with her friend during her lunch break helps her releasing all

her stress. Demi also mentioned that a simple physical contact such as a hug or
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a pat on her shoulder from a friend, helps her staying more positive. In the flow
and mental model, Demi’s actions are indicated. Interacting and hugging are the
two most frequent verbs that Demi kept mentioning throughout the fieldwork. In
order for Demi to relax during her daily life, it is important for her not to feel

lonely.

Figure 3.7: Demi’s Flow Model
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DEMI'S MENTAL MODEL

LISTENS TO HER BOSS
FEELING STRESSED
SEES HER COLLEAGUES

EXCLUDING HER FEELING ISOLATED
SEES/TOUCH SEAL ON HER FEELING NOT LONELY
DESK

FEELING NOT LONELY
SEES HER FRIEND

FEELING POSITIVE
LISTENS TO HER FRIEND

Figure 3.8: Demi’s Mental Model

Conclusion Throughout the two fieldworks conducted in Tokyo and Shanghai,
it is possible to analyze and determine a few main key points that the two potential

users often mentioned about :
e In order for them to relax, they need to interact with their loved ones.
e Having a stuffed animal is a way to feel less lonely throughout their day.

e Hugging is an important factor for both of them; Sakura hugs her stuffed

animal while Demi hugs her best-friend.

e Feeling connected and attached to someone they love are two important

aspects that help them reaching a certain level of emotional stability.

After analyzing and observing those two potential users’ flow and mental mod-

els, a final fieldwork was conducted to understand in more depth the concept of

hugging.
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Final Fieldwork The final fieldwork was based on a group interview with

five people from four different countries. Their age group was between 24 and

28 years old. They were three women and two men. All of them were either

graduate students or fresh graduates who recently started their jobs in Japan.

The interview took place after their university and working hours. It was asked

them to hug with each other and describe their feelings after receiving a hug.

Before the observation, everyone stated that they were all very tired and stressed

after a whole day spent at university or at the office.

Charles, a researcher student from Taiwan admitted that he always need a
daily hug. He likes different types of hugs pressure. He likes the feeling of

getting close to somebody.

Lana, a graduate student from the United Kingdom, admitted that she
really enjoyed hugging someone after a long day spent at university. She
mentioned that she generally likes gentle hugs where she can feel the presence

of someone being next to her.

John, a graduate student from the United Kingdom, said that since he moved
to Japan he lacks of physical contact. He also lives alone and he does not
get to interact much with people throughout his weekdays. He mentioned

that he wish he could get to hug more during the day.

Daniel, an intern from Sweden, said that after a stressful day at his work-
place, all he wants is just to go back home and hug and cuddle with his

partner.

Shaina, an English teacher from the USA said that she really enjoys hugging.
She also mentioned that whenever she feels lonely and stressed, she hugs a
teddy bear that his grandfather bought her when she was young. She said
that this teddy bear means so much to her and it is a representation of the

love between her and her grandfather.

In conclusion, this final fieldwork confirmed that the action of hugging some-

thing or someone, is a good way for releasing stress and encourage people to keep

being more positive and relaxed.
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BAO-me will be designed in accordance to the understanding of this final

observation.

3.3. Target Persona

Based on the previous observations, the ideal target persona was created to
better define the user group and develop the design and the purpose of BAO-
ME. Among the potential users, Jodie Wong was selected to represent the target

persona. Figure 77

Figure 3.9: Target Persona: Jodie Wong

Jodie Wong is a 24 years old female originally from Hong Kong who recently
moved to Japan to teach English language to young children. She graduated in
the UK and she studied English Literature and Japanese language minor. Her
aspiration is to become a professional writer for children’s books. She moved to
Tokyo on 2017 and she is planning to live here in Japan for a longer period of time.
She thinks that working here in Japan with children is good for her future career

goal. When Jodie used to live back in Hong Kong, she used to own a dog. She
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said her dog was her perfect companion always ready to calm her down. She also
found very relaxing to take her dog out in the evening for a stroll around her area.
But since she moved to Japan, Jodie does not have any pet anymore and she lives
alone in a small apartment in Saitama. She also has to commute every day for
about 45 minutes to go to work. She admitted that she really does not enjoy the
long commute to work and she also mentioned that working with children can be
very stressful. After a long day at work, she always needs to commute for another
45 minutes to go back home. Jodie generally arrives at home around 7.30pm. She
is finding difficult for her to fully relax and enjoy her friends’ company. Jodie does
not have enough available time during weekdays and commuting takes a lot of her
time. In order for her to relax, especially during weekdays, she needs a solution

that can help her emotional stability.

3.4. User Scenarios

Three users scenarios were created to describe the occasions where the users
will use BAO-ME and how they will interact with it.

1. During work or lecture break

Figure 3.10: Tired during work or lecture
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In this first scenario the users can be at work or school. If they are tired
and stressed they can use BAO-ME in order to calm down and find some
comfort. The user can start hugging BAO-ME will sitting and the feeling of
warmth and heart-beat will help the user relaxing. The head of BAO-ME

can also be used as a pillow where the users can lay down their head.

2. While Walking Outside

Figure 3.11: Tired during work or lecture

This is the scenario where BAO-ME is simply used as a normal bag to bring
around. In this occasion, BAO-ME’s function will mainly be the one of
carrying it around and its haptic interactions and functions will most likely
to be ignored. If BAO-ME starts vibrating because it is calling for attention,

the user can decide to ignore it or interact with it and start hugging it.
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3. While Commuting in the Train

Figure 3.12: While walking around

In this scenario, the users will use BAO-ME while commuting. This moment
of the day can be very tiring and stressful especially if the commuting time
is quite long. BAO-ME can be worn on the users’ lap and it will detect
that the users are sitting down. This is when BAO-ME will activate its
hugging function. By detecting that the user is still, the straps will start
vibrating in order to call for the users’ attention. The users can decide if
hugging BAO-ME or not. If BAO-ME will be hugged, it will detect that by
the pressure sensor on its back and it will show his affection by warming up

and activating its heart-beat.

3.5. Ideation

To come up with the final concept, three steps have been taken int considera-

tion.
1. First Sketches

2. Rough Prototyping
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3. User Understanding
4. Final Sketches

Based upon this initial design process, the final concept was realized by brain-
storming and drawing different initial sketches, creating a rough first prototype
and conducting a user understanding to analyze their opinions and reactions to-

wards the overall idea.

3.5.1 First Sketches

The first sketches represent the overall idea of BAO-ME.

e This first sketch (Figure 3.13) shows how BAO-ME would potentially look
like. The arms of the sloth are supposed to represent the straps of the
backpack. When the users wear the bag, the straps/arms of the sloth are
supposed to cross over their chest, to recreate the feeling of the longs arms

hugging them.

SIO/W\/J_ o S’OTL\Z
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Figure 3.13: Overall look of BAO-ME

e On the second sketch it is shown how the potential user will wear BAO-
ME when it is placed on the back. The straps/arms will hug the user from
behind resembling the idea of a hug from behind. The arms will form a cross
on the chest.
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Figure 3.14: Front look of BAO-ME

e The third sketch shows how BAO-ME looks like when the wearers place the
bag in front of them like holding a child. When placed on the front it is when
the whole haptic hugging process will take action. This is the standard way
to wear BAO-ME.

Figure 3.15: Back look of BAO-ME
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3.5.2 Rough Prototyping

Figure 3.16: First rough prototype of BAO-ME

By making a rough prototype, the concept made in the previous initial sketches
was tested. A simple soft pillow with two straps attached to it was used to simply
verify if the users were understanding the overall concept. By mechanically pulling
the straps, it was possible to recreate the feeling of a moving mechanism in order
to make the users feeling like the straps were trying to move and hug them. A
small heating pad was also placed inside the pillow in order to test if the users like
the concept of the bag heating up. After briefly testing the concept, more ideas

were taken into consideration.

3.5.3 User Understanding

The rough prototype was tested with six female participants from six differ-
ent countries (Mexico, Morocco, Indonesia, China, Thailand and the USA). The
overall concept was fully understood and all of them expressed a positive reaction
towards the idea. They were asked to sit on a chair and hug the pillow. After
that the straps were manually pulled from behind. Subsequently, they were asked

to hug the pillow close to their chest in order to feel the warmth from the heating
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pad that was placed inside. The results were promising, all the users liked the
idea of a backpack trying to hug them and comfort them, however they were not
sure about the straps movement and they felt they wanted more interaction and

connection with the sloth.

3.5.4 Final Sketches

Based on the initial sketches and the user understanding of the first prototype,

the final sketch was realized.

e As shown in Figure 3.17, this is how BAO-ME will look like on the front
side. The head of the sloth will function as a comfortable pillow where the
potential users can lay their head down. Across each straps, four actuators
are placed to recreate a feeling of vibration like BAO-ME is calling for your
attention. On the upper body of the sloth a speaker will be placed to recreate
the sound of the heartbeat. On the lower part a heating mechanism is placed

in order for BAO-ME to warm up as soon as it gets hugged back by the user.

Figure 3.17: Final sketch front part

e The back side of BAO-ME is where the backpack will be attached to in order

to put all the items inside. Moreover a pressure sensor will also be placed so
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that the heating and heart-bit mechanism will be activated as soon as the

user touch the backpack.

Figure 3.18: Final sketch back part

3.6. Design Summary

In this chapter, the concept of BAO-ME was first defined, then fieldwork

and ethnography research were analyzed to understand the potential target users.

Sketches, ideation a rough prototype were then conducted, at last the detailed

sketches and two working prototypes will be developed between back and forth

reviews from potential users. To summarize, BAO-ME is a robot pet bag that aims

to improve mental well-being by recreating the feeling of being hugged through

haptic interaction.

e Users can easily carry BAO-ME around, anywhere and anytime they want

throughout their daily life.

e Through haptic interaction, BAO-ME can hug, comfort the user in a more

playful way.

e Using BAO-ME will help the users feeling less stressed and less lonely.
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The experiment and evaluation results of the prototype will be further dis-

cussed in the next chapter.
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Chapter 4

Implementation and Evaluation

BAO-ME is a robot pet bag for young busy adults that it can be used anywhere,
anytime, when in stressful and negative conditions. By recreating the sensation
of being hugged through haptic interactions, it helps reducing stress and acts as
a small little companion always ready to cheer someone up. BAO-ME aims to
help users feeling less stressed, less lonely and comfort them, hence improve their
mental well-being. BAO-ME approaches the goal of this research through (1)
calling for attention because it needs affection ,(2) shows its love by manifesting
its "aliveness” to the user, (3) helps users reducing stress and feeling of loneliness
trough the recreation of a hug. Two working prototypes were developed to test
the feasibility with the above focus points. The two working prototypes will be
first analyzed and the two evaluation methods will be further defined. Results will
list in detail the two evaluations. Discussion will then be analyzed as validation

and proof of concept.

4.1. Methodology

The results of this project will be discussed by analyzing the emotional reac-
tions from the users in two experimental setups with the first version and the last
version of BAO-ME. Quantitative data is used in order to compare the emotional
impact that users have before and after trying out BAO-ME. By analyzing the
emotional effectiveness along with qualitative data from the surveys taken by the

users, the project can finally be discussed. As an initial step, an initial survey
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was prepared for the user to take before beginning the experiment. The initial
survey consists of general questions for meta-data such as age, nationality, gender
and the level of interest towards stuffed animals and robotic stuffed animals. By
collecting this data, the target persona and level of interest towards a potential
robotic animals will be firther understood. Aside from the pre-survey that gathers
participants’ general identity, two more surveys will be conducted in order to col-
lect quantitative data; the UCLA LONELINESS SCALE survey and the DASS21
(Depression, Anxiety, Stress Scale) survey. The UCLA LONELINESS SCALE
survey [26] is a commonly used survey to measure users’ subjective feelings of
loneliness as well as feelings of social isolation. Participants rate each item as ei-
ther O ( “T often feel this way” ),S ( “I sometimes feel this way”~ ), R ( “T rarely
feel this way~ ), N ( “T never feel this way” ). The researchers came up with this
method of evaluation in order to develop an adequate assessment instrument for
social psychological research on loneliness. DASS21 (Depression, Anxiety, Stress
Scale), on the other hand, is a survey developed by researchers at the University
of New South Wales (Australia). This method had been developed over three-
year cycle that included around 40 laboratory simulations. This survey measures
is a set of three scales designed to measure the negative emotional states of de-
pression, anxiety and stress. The DASS is mainly created to measure negative
emotional states as depression, anxiety and stress. DASS-21 is a shorter version
that contains scales of seven items, divided into sub-scales with similar content.
The depression scale assesses devaluation of life, lack of interest and involvement.
The anxiety scale assesses autonomic arousal, panic and subjective experience of
anxiety. The stress scale is focusing on measuring the levels of nervous arousal,
irritability and relaxing difficulties. Both surveys are measured twice, at the be-
ginning of the session before interacting with BAO-ME and after the interaction.
Before taking the DASS-21, in order to recreate a stressful moment, the users are
asked to play the dual n-back game, a continuous performance task that is used
as an assessment to measure a part of working memory capacity. The participant
is exposed to a sequence of stimuli, and the task consists of indicating when the
current stimulus matches the one from n steps earlier in the sequence. The load
factor n can be adjusted to make the task more or less difficult.The n back test

is categorized as memory game of ”Concentration” that also leads the subject to
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use a lot of nervous energy that leads to stress.

‘_D-\ 4l

Dual 2-Back 2 remaining

A position match L: sound match

Figure 4.1: Dual N back

The combination of these surveys and the game will be used in this specif
order: Pre-survey in order to collect meta-data, UCLA loneliness scale survey as
a starting point to gather data about how the users feel emotionally at the moment
and if they feel lonely or isolated. Afterwards, in order to test the DASS21, the
users will have to play the dual N back game so that they can experience a stressful
situation. When the game session is completed, the users will take the DASS21 to
collect more data about their anxiety and stress levels. Thus, the user is allowed to
interact freely with the BAO-ME for around five minutes while being filmed. Once
it finishes, the user will be given a break for about 30 seconds before completing
another set of survey. The next survey will be the UCLA loneliness scale survey
again followed with the DASS21. This serves the purpose of measuring the change
of their emotional experience and to see if after interacting with BAO-ME there
was an change on their negative emotions. Lastly a post survey will be conducted
and it will work as a cross sectional descriptive survey to understand the opinions
from the users about the product and their personal experience while testing
BAO-ME. Participants will be asked what kind of feelings they experienced while

trying the product. The post survey is divided into two sections:

e Design/Usability
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e User Experience

In the Design/Usability part participants will be asked questions like ”Do you
like the concept/design of a backpack that resembles the idea of a sloth?”, ”On a
scale from 1 to 5, how good did the heating mechanism feel?”, or ”Do you like the
placement or setup of the straps vibration sensors?”. These series of questions
are mainly focusing on the design of the bag and its interactions. In the User
Experience part, questions about their personal experience and satisfaction with
the interaction with the product. They will have to answer to questions such as
"1 feel comfortable to use the device”, ”I think BAO-ME is a good companion”,
or ”I think BAO-ME will help me fight stress” and rate them from one to five,
with one being "strongly disagree” and five "strongly agree”. Throughout the
whole experiment, the users will be asked to wear the Xiaomi Mi Band in order to
measure their heart rate through the Mi Heart Rate application. This is because
is proven that increasing or decreasing of the heart rate is often linked to stress
levels. Through this, it will be possible to collect more quantitative data. The
users will not know when their heart rate is measured because this may influence
the process and the results of the test. Through the evaluation process, this
research aims to validate: (1) BAO-ME recreated the feeling of a cute animal
companion that can provide you a hug and affection through haptic interactions,
(2) BAO-ME helps in stress and loneliness reduction and improves mental well-
being. On the figure below, the flow of the experiment will also be explained into
details.
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Figure 4.2: Flow of the experiment

4.2. Implementation

In the implementation process, two prototypes were designed in order to gather
more information and opinion towards the concept and design of BAO-ME. The
first prototype was a representation of an animal sewed by hands and its main
aim was to focusing on the interactions rather than the overall design look. Fol-
lowing the first prototype, the second and final prototype was made based on the
evaluation from the first experiment and user test. The details of each prototypes

and its evaluation process are explained in this chapter.
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4.2.1 First Prototype

Based on the user understanding and analysis of the rough prototype, the
first prototype was developed. In this prototype the attention was focused on the
interactions themselves rather than the design. The aim was to keep the overlook
of the bag very simple and not particularly cute so that the users were focusing
their attentions more on the interactions. This first prototype was sewed by hand.
The fabric that has been used to sew was ripstop, making the bag more resistant
to tearing and ripping. Furthermore the inside of the bag was filled with polyester
fiberfill in order to make it soft and comfortable like a pillow or stuffed animal.
The color that has been chosen was gray because it resembles the color of the fur

of the sloth which is a mixture of gray, brown and black.

Figure 4.3: User wearing the second prototype of BAO-ME

As we can see from Figure 4.1, the user is wearing BAO-ME on the back. The
idea is that the straps cross over the user’s chest in order to recreate the feeling

of two long arms trying to hug someone tightly. The straps were made adjustable
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so that they could fit into different kind of body shapes. In order to recreate the
feeling of the hug, the straps need to be as closer as possible to someone’s chest

or back in order to feel the haptic interactions.

For the interactions part, in this first prototype the attention was mainly
focused on the straps, because it is where the first haptic interaction takes place.
In order for BAO-ME to manifest its aliveness and love towards the user, it will
need to move its straps like it is trying to hug or call for the user’s attention.
Initially different types of motors were used in order to recreate the feeling of the
straps were moving. At the initial stage, a stepper motor was connected to a wire
which was sewed to the extremity of the strap. The idea was to recreate the feeling
that the straps were trying to pull and tighten over the shoulders. After testing
the stepper motor, the bag and the straps just felt too heavy and the interaction

did not turn out to be as good as it should have been.

Figure 4.4: Servo motor

Based on those previous finding, a servo motor SG90 (Figure 4.2) was chosen
to be the most appropriate one to use in order to recreate the feeling of movement
over the straps. Tiny and lightweight with high output power, this motor can
rotate approximately 180 degrees (90 in each direction), and works just like the
standard kinds but smaller and lighter. Because of its lightweight, it was easy to
be attached to the body of the sloth and then the servo’s horn was connected to

the strap through a wire.
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Figure 4.5: Servo motors attached to BAO-ME

As shown in Figure 4.5, the two servo motors are sewed into the two edges of
the bag. These two are connected to an Arduino Genuino board and when the
mechanism starts, the two straps start moving and rotating at 180 degrees in each

direction, recreating the feeling of a poke or something swinging its arms.

Figure 4.6: Flexible Heater
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For recreating the feeling of warmth, an aluminum foil flexible heater A6 size
(Figure 4.6) was used. Since it immediately generates heat from the moment
the power is turned off, it is ideal for heating requests in a short time. Also
because of its flexibility and thinness, it is easy to insert into the "body” of BAO-
ME. The flexible heater can warm up to 60 degree Celsius, which is sufficient for
this experiment as sloths’ average body temperatures is 33 degrees Celsius. For
sensing the temperature, a TMP006 temperature sensor is used in order to control
the temperature’ range produced by the heater.

In order to sum up the main interactions of this second prototype, a table
below will sum up the main functions connected to the sensation that BAO-ME

wants to recreate:

Sense Actuator
Warmth Flexible Heater
Movement Servo Motors

Table 4.1: Sense/Actuator table.

Figure 4.7: The Overall look of the second prototype
As shown on Figure 4.5, this is how the first prototype looks like.
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4.2.2 Final Prototype

The final prototype was developed after conducting the first experiment and
user test of the first prototype. In this prototype the attention was focused both
on the design and the technology part of BAO-ME. Concerning the design, a
stuffed animal representing a sloth was used. Its dimensions are W66 x D37 x
H22cm and the material consisted of 95 percent polyester, 5 percent polyurethane.

The inside of the sloth is stuffed with 100 percent polyester.

Figure 4.8: The Overall look of the second prototype

Its softness and the fur resemble the idea of a cute animal ready to be hugged.
Its sleepy facial expression also helps feeling healed and more relaxed after a long
day at work. Its face can also be used as a pillow so that potential users can lay
their head down. In general this type of cute design was chosen because it feels

like it is a real pet that users can bring around with them throughout their day.

Regarding the technology part, a lot of new improvements were also done.
After conducting the first experiment with the second prototype, a lot of ideas
for new interactions came up. Users suggested different haptic interactions that
might have been more effective in order to recreate the feeling of a hug. First of

all, concerning the strap function, servo motors were substituted with four linear
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resonant actuators for each straps (Figure 4.9). Those actuators were distributed
over the strap so that the users can feel the vibration all over their shoulders, chest
and back. The actuators activate when it detects that the users are standing still
through an accelerometer sensor. When the sensor recognizes that the user is
either standing still or sitting, the actuators will start to vibrate. This represents
a call from BAO-ME because it wants to be hugged.

Figure 4.9: Linear Resonant Actuators

After BAO-ME call for users’” attention through haptics, it is time for the users
rather to hug BAO-ME or not. If the users do not want to hug it, they can decide
to ignore the vibration. But if they need a hug, they can start to hug BAO-ME. A
pressure sensor FSR 402 that is embedded inside BAO-ME’s back will sense the
hug’s pressure from the users and it will activates the second round of interactions
to manifest BAO-ME’s love and its aliveness. The second round of interactions
consist on the sound of a heart-beating and a flexible heater that will start to
warm up. For the heart-beating part a speaker was used to reproduce the sound

of heart-beat a soon as pressure sensor detects the hug.

Figure 4.10: Speakers to reproduce the sound of a heart beating

Meanwhile BAO-ME heart starts beating it will also slowly warm up up
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through the flexible heater attached to his stomach. As soon as the users will
release the hug, the interactions will stop. On the table below the haptic interac-

tions of this final prototype are listed.

Sense Actuator
Vibration Actuators
Heart-beat Speaker
Warmth Flexible Heater

Table 4.2: Sense/Actuator table.

If the users want to experience more feelings from the hug, they can also
chose to activate a mechanism positioned on the small arms of the sloth. This
mechanism consists on two measurement tools used for tailoring embedded inside
the small arms. When the users decide to press a button, the small arm will swing
and move, giving that extra sensation of its aliveness.

As shown on the picture below, this is how the final prototype of BAO-ME
will look like:

Figure 4.11: Final version of BAO-ME
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4.3. Evaluation

The age of subjects taking part in the product experiment ranged from 23 to
30 years old. All individuals were either working for companies, working inde-
pendently or engaging in post-graduate studies. All come from a wide variaty of
backgrounds and different nationalities. The users were selected based on their
specific age bracket and life style, so that the group is representative of a wide
spectrum of potential users. In accordance with the evaluation method, each
user was required to participate in the 30 minute process, which consisted of the
completion of six surveys, a game and the interaction with BAO-ME. Two sets of
experiments were conducted: the first one, using the second prototype of BAO-ME
and the final one, with the completed version of the product. Both experiments
were carried out in the same location, a room in the Collaboration Complex at

Keio Media Design in Hiyoshi, Kanagawa.

4.3.1 First Interviewees Information

An initial user study was conducted in order to gather more detailed informa-
tion and understanding with regards to what users expect from BAO-ME. The
objective was to prove or disprove the theory that this product concept is able
to successfully alleviate feelings of stress and loneliness, in addition to collecting
user feedback which could suggest how the product can be improved and further
developed. The test was conducted over the final week of May 2018, with twelve
participants, 5 females and 7 males. The majority of them are of foreign nation-
ality, living alone in Tokyo studio apartments. Three of the individuals selected
are Japanese. All subjects own a stuffed animal and all reported to feel a form
of attachment to it. All but one participant claimed to like stuffed animals in
general. The table below lists the overall demographics and essential information

associated with each person who took part in this first user study.
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Nationality Gender Occupation Living Likes
Stuffed
Animals
User J China Male Student Alone Yes
User G China Female Student Alone Yes
User G China Female Student Alone Yes
User H Taiwan Male Researcher Alone Yes
User K Japanese Female Office worker Alone Yes
User T Japanese Male Designer Alone Yes
User P Japanese Male Researcher Alone Yes
User N Indonesia Male Student Shared House No
User S Thailand Female Student Alone Yes
User A Morocco Female Student With House Mate Yes
User C Morocco Male Student Alone Yes
User D USA Male Student Alone Yes

Table 4.3: Demographics and General preferences table of the first user study

4.3.2 Evaluation of First User Study

Based on the method of evaluation, the first experiment took place over the
last week of May 2018. 12 people participated in this experiment and each of them
have various cultural and academic backgrounds. As explained on the Method of
Evaluation, two kinds of survey were used as a way to measure stress and loneli-
ness levels of the subjects while interacting with BAO-ME; UCLA loneliness scale
Survey and DASS Survey. Each user was asked to fill both surveys twice through-
out the experiment, before and after using BAO-ME, in order to record their
emotional condition at the time. Before filling the first DASS21 Survey however,
the users were asked to play the Dual N back game so that a stressful situation
could be created as a base environment. The two UCLA loneliness scale surveys
were then compared, to measure any increase or decrease in loneliness depending
on the users’ responses; same procedure was then done with the two DASS21
survey to measure the stress levels changes before and after the interaction with
BAO-ME. After the data from all users were counted, the total change of the data
could then be summarized.

The two UCLA loneliness scales gave some positive results. The first one shows

that without the prototype, the participants’ level of loneliness increased by 0.75
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points. But there was a noticeable decrease in loneliness when the participants
interacted with the BAO-ME.

Figure 4.12: User G interacting with the first prototype of BAO-ME

The second part of the experiment was evaluated with the DASS21 Survey.
This survey was conducted in order to evaluate how much a user’s stress levels
can decrease in using BAO-ME, and compare it to the effects observed following
use when subjects were placed in a stressful situation. Users completed two tests
consisting of 42 questions. The first test was completed after the Dual N Back
game, with all 12 users admitting that the game was a stressful task. After
the interaction with BAO-ME, users were asked to fill the second part of the
DASS21. In the second part, 5 participants reported to have experienced a notable
change between answers from the first survey and the second one. There was a
considerable decrease of their stress levels. The rest of the participants did not
showed much difference between the first and the second survey. For the last
final section of the test, all participants were asked to complete a post survey in
order to provide feedback regarding their feelings towards the product and their
personal experience while testing BAO-ME. The overall participants stated that
they liked the concept of BAO-ME with the average of 4.083 (on a scale from 1
to 5, with 1 being strongly disagree and 5 being strongly agree).

95



IMPLEMENTATION AND EVALUATION 4.3. Evaluation

4.3.3 Second Interviewees Information

The second user study was conducted in order to gather a wider volume of
feedback regarding the final design and interactions with BAO-ME. The objectives
were to prove if this final concept works better as a remedy for the feeling of
stress and isolation. The test was conducted throughout the second week of June
2018 with five participants, 3 females and 2 males, with occupations ranging
from university students, office workers and independent researchers. Their ages
ranged from 23 to 30 years old. The participants selected were as the same ones
from the previous user experiment. The reason of making this choice was due
to the fact that interviewing the same users helped understanding if the second

implementation was actually affective.

Nationality Gender Occupation Living Likes
Stuffed
Animals
User J China Male Student Alone Yes
User G China Female Student Alone Yes
User H Taiwan Male Researcher Alone Yes
User S Thailand Femae Student Alone Yes
User K Japanese Female Office worker Alone Yes

Table 4.4: Demographics and General preferences table of the second user study

4.3.4 Evaluation of Second User Study

The second evaluation was following as the same methodology as the first user
experiment and it was conducted over the second week of June 2018. This time
five people participated in this experiment and each of them took part on the
previous studying. As in the precedent experiment, the participants were asked
to fill all the six surveys over again in order to compare the results with the last
experiment. UCLA loneliness scale Survey and DASS21 Survey will be compared
this time with the previous ones too. Each user will be be asked again to fill
both surveys twice throughout the experiment, before and after using BAO-ME,
in order to record their emotional condition at the time and at the time of the
first experiment.

The two UCLA loneliness scales did not change as much in comparison to the

previous experiment. There was a more noticeable decrease of loneliness when the
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participants interacted with the new prototype. Some extra observation was done
and in comparison to the first experiment, users were smiling more and they felt
much more comfortable using the new version of BAO-me.

The second part of the experiment was evaluated with the DASS21 Survey
again. This survey was conducted in order to comprehend how much level of
stress BAO-ME can help decreasing, and compare it to when the users can be
in a stressful situation. This second time all 5 participants revealed that the
new version of the prototype was much more effective as a stress reliever. All
of them showed a considerable decrease of their stress levels. For the last part
of the test, all the participants graded the overall concept of BAO-ME with the
average points of 5 (on a scale from 1 to 5, with 1 being strongly disagree and 5
being strongly agree). This summarized that there is an increase of task load by
0,20 points whenever the user uses BAO-ME. This means that people feel more
mentally attached to the device and they are more likely to use it as a real working

product.

Figure 4.13: User H interacting with the second prototype of BAO-ME
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4.4. Findings

By analyzing the recorded results of each users, it was noticed that when they
interacted with BAO-ME they were more likely to express feelings of happiness
and comfort. When utilizing BAO-ME;, the users firstly felt a bit unfamiliar with
its haptic interactions, but after understanding how it worked, they started to
show a certain level of familiarity with the product. It was very interesting to
watch users’ reaction when first interacting with BAO-ME. The majority of the
users was very engaged and enthusiastic excited while using BAO-ME and they
all manifested very positive reactions. However, two participants felt slightly dis-
turbed by the device and felt very uncomfortable using such bag. One of them
stated that he does not like anything technological embodied within a bag. He
said he will never feel comfortable to carry it around. The other participants
commented saying that she will feel very odd carrying BAO-ME around. She af-
firmed that she would be particularly worried about people’s judgment. Whether
positive or negative, the main focus was to observe a change in a participant’ s
emotional state regarding their stress and feeling of loneliness levels. Regard-
ing the strap movement during the first prototype, the majority of participants
felt very uncomfortable and the movement of the strap was either described as a
"poke” or a "drill” on the back. Participants admitted that that movement did
not resemble the idea of a hug and the majority of them would have preferred a
vibration instead. An interesting comment from a user was that the movement
over the straps felt like the animal was not behaving properly. The reason why
in the final prototype the strap movement was changed into the vibration was
because of the comments and opinions received throughout the first experiment.
With the vibration over the straps, the participants felt much more comfortable
and the vibration was described as a "nice feeling that releases tension over the
shoulders” and as a ”cute and comfortable way to call for my attention”. Regard-
ing the design of the straps, the majority of the user felt that it was nice to have
them crossed over the back or chest but it was a bit uncomfortable to fasten them.
The majority of them requested a better design in order to facilitate the way the
straps are fastened. Regarding the hear-beat, all the users felt very happy and
pleased by such sensation and they felt very emotional while hearing that type

of sound. One of the participant had a very strong emotional reaction to the
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point that she started crying. She admitted that it felt like a real living creature
ready to comfort her and manifest its love. She said that BAO-ME reminded
her of her real pet at home and she would have treat the device as a real living
being. Another interesting finding was the one regarding the heating interaction
of BAO-ME. All the participants felt very pleased by such feeling and they all
said it resembles the idea of holding a living creature, like a pet or a child. One
participant suggested that he would like to have a cooling down mechanism too
to use during summer. Other findings that came from the users’ feedback was
that many of them felt more "secured” like they have always a companion that
can protect them and make them feel it is always with them. One of the partici-
pant admitted that she lacked of physical interactions for many days because she
was busy with university work. She admitted that she felt very excluded and the
interaction with such device helped her boosting her positiveness. Another inter-
esting finding was that a lot of users would have liked if BAO-ME could have also
started breathing. They thought that having all these different types of haptic in-
teractions will make BAO-ME more "alive”, like it is a real living animal. Overall
everyone also liked the concept of the sloth animal as a symbol of relaxation. One
participant suggested a dog because it is one of his favorite animals and he would
feel more attached to it. Another user suggested to have a more minimalistic
design so that she will not feel judged in public. Concerning the heart bit, it was
interesting to observe a slight heart rate decrease of 5.6 beats while interacting
with BAO-ME, however, all other conditions showed no significant change in the
heart rate. The results from the two user studies have been suggesting that more
work can be done to further explore affective touch with BAO-ME. It is strongly
believed that more study should be done in order to select an appropriate choice

for haptic actuations and improve the user experience.
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Chapter 5

Conclusion

The presented research and assessment material was conducted with a focus
on the design and effectiveness of BAO-ME, a zoomorphic robotic bag, developed
to help users reduce levels of stress and loneliness, improving their overall mental
well-being. BAO-ME not only provides a more playful way to manifest sensations
of affection through hugging, but is also accessible almost anytime and anywhere.
Instead of using a standard backpack, BAO-ME becomes the perfect inanimate
pet companion, providing instantaneous physical embrace to the user through
haptic interactions. The device’s ability to recreate the feeling of a heart beating
against your chest and warming function, acurately recreates the experience of a
warm embrace, instilling in the user a sense of ease and comfort, reducing feelings

of loneliness and isolation, as they move through daily life.

5.1. Design Approach

To complete the design concept of BAO-ME, various fieldwork activities were
conducted in order to observe and analyze feedback from potential target users.
The approach to targeting a specific persona was decided upon to assist the process
of the initial concept development and sketches. The preliminary prototype was
created in order to explore how the users felt about the product and what kind of
interactions they expected to receive. The first prototype was designed, mainly
focusing on the haptic response of the bag’s straps, since this was considered to

be one of the most unique and essential aspects of the design. Ultimately, the
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CONCLUSION 5.2. Limitations

final prototype was developed and implemented onto a more advanced design
offering more realistic interactions for a final evaluation and feedback. During the
evaluation stage of BAO-ME, surveys, interactions and interviews were conducted.
The evaluation was performed on a total of 17 individuals testing the first and
final prototype and the session was divided into six phases; pre-questionnaires,
UCLA loneliness scale, Dual N back game, DASS21, interaction with BAO-ME,
UCLA loneliness scale, DASS21, Post-survey. In addition, the participants were
required to use a wearable device to measure the heart beat during the experiment
in order to produce tangible and quantitative data. Through the evaluations, the
concept of BAO-ME was proven to have a good success and positive results. The
design intention of the robotic pet backpack was proven to be a perfect companion

that can help reducing stress levels and feelings of loneliness and isolation.

5.2. Limitations

This research aims to create a robotic pet backpack that through haptic in-
teractions is able to reduce stress, loneliness and improve the mental well-being
of users by the feeling of being hugged. Users can interact with BAO-ME when-
ever they are feeling stressed or lonely, and by hugging it and experiencing the
emotional embrace, a calmer and more positive state of mind can be achieved.
However, considering the mental state of each individual, the effectiveness of the
device may differ and the evaluation, regardless of its positive results from the
previous users, has only been conducted on a small amount of participants. Using
BAO-ME as an emotional robot for companionship that can help promoting men-
tal well-being has shown promising results. However, it is important to consider
BAO-ME not as a substitute of a real embrace or a replacement of real human
physical contact, but as an additional device that can recreate the emotion of
the hug when the users are feeling particularly stressed and lonely and have no
one to interact with. Another limitation of the research, is that there were time
constraints which affected the freedom to explore a wider range of different kinds
of haptic interactions and designs. Additional time would be necessary in order
to achieve a more defined working product and gather extra opinion for users.

The evaluations were also conducted for a short period of time and, although
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CONCLUSION 5.3. Future Works

the concept is proven to have promising results on user’ s mental well-being,
it is not proven yet if this can be effective for the long-term. Additionally, it
will be interesting to investigate other emotional aspects, such as the level of

“connectedness” individuals have for BAO-ME. The evaluations conducted in
this research also are not equivalent to a medical research, because of the high
price and the more professional facilities that a medical trial requires, therefore,
the effectiveness of BAO-ME as a medical solution in reducing stress and loneliness

levels needs to be further discussed.

5.3. Future Works

Based on the feedback and results gathered during the evaluation process,
there are two main features of BAO-ME that can be further developed: (1) ex-
plore new haptic interactions, and (2) the design of the straps. By exploring new
interactions, adjusting the way to fasten the straps, it can lead the user to have
a better experience. The core of the device, however, should and must still be
representing a cute companion that can manifest its emotions by recreating the
sensation of a hug. With a variety of haptic interactions embedded into the de-
vice, the attractiveness of BAO-ME is expected to increase. Further evaluation
for long-term benefits should also be conducted in order to examine the effects
on users mental health. In the current stage, BAO-ME is only proven successful
on a limited number of users, however, BAO-ME has the potential to become (1)
a medical device for people with mental health disorders, (2) assisted pet-robot
therapy for elderly people, (3) a device for helping children stay calm and less ag-
itated, and (4) a more practical minimalistic device for everyday use. For medical
usability on patients with mental health issues or a as a companion for elderly
people, further evaluation needs to be be conducted to testify the effectiveness of
BAO-ME. If proven successful, more types of haptic interactions can be embed-
ded into the device to assist patients as a certified medical device or companion
care. As a gadget for helping children staying calmer, BAO-ME can be a perfect
companion especially in situations where parents are not able to be with their
children due to work commitments. Lastly for a more practical use, BAO-ME can

also have extra functions such as phone charging and music player.
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CONCLUSION 5.3. Future Works

Summary The data gathered from observations and interviews on users sup-
ports the concept of BAO-ME. Through such haptic device, it is easy to experience
a sense of comfort by the feeling of being hugged. To conclude, the goal of this re-
search aimed to design a haptic device to improve mental well-being by recreating
the sense of hug and it is proven to be successful. Although there are still many
other interactions to be explored and other design features to be improved for a
better user experience, the core concept of BAO-ME has proven to have positive
results.
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Appendix

A. Arduino Codes

Figure 5.1: Arduino Code 1
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A. Arduino Codes

mp3_play(1);
delay(30000);
if(analogRead(A®)>6){
heat_and_sound();
1
else{
return 1;

}
}

void loop() {
for(int 1=0;1<10;1++){

digitalWrite(2, HIGH);

digitalWrite(3, HIGH);

if(analogRead(A®)>6){
1fCheat_and_sound()){goto next_wait;}

}

delay(500);

digitalWrite(2, LOW);

digitalWrite(3, LOW);

if(analogRead(A®)>6){
heat_and_sound();

}

digitalWrite(4, HIGH);

digitalWrite(5, HIGH);

ifCanalogRead(A@)>6){
1fCheat_and_sound()){goto next_wait;}

Figure 5.2: Arduino Code 2



A. Arduino Codes

}

1
delay(500);
i1fCanalogRead(A@)>6){
1f(heat_and_sound()){goto
1
digitalWrite(4, LOW);
digitalWrite(5, LOW);
if(analogRead(A@)>6){
1f(Cheat_and_sound()){goto
1
digitalWrite(6, HIGH);
digitalWrite(7, HIGH);
ifCanalogRead(A®)>6){
1f(heat_and_sound()){goto
1
delay(500);
if(analogRead(A0)>6)m
_if(heat_and_sound(Q){goto
1
digitalWrite(b, LOW);
digitalWrite(7, LOW);
if(analogRead(A®)>6){
1fCheat_and_sound()){goto
1

next_wait:
delay(90000); //wait 1.5min

Figure 5.3: Arduino Code 2

next_wait;}

next_wait;}

next_wait;}

next_wait;}

next_wait;}



B. Pre-survey

B. Pre-survey

Pre survey

*Required

Let's start

Age *
Nationality *

Gender *
(O Female

O Male

() Pprefer not to say

(O other.

Figure 5.4: Pre-survey part 1



B. Pre-survey

Figure 5.5: Pre-survey part 2



B. Pre-survey

Figure 5.6: Pre-survey part 3



B. Pre-survey

Figure 5.7: Pre-survey part 4



B. Pre-survey

Figure 5.8: Pre-survey part b



B. Pre-survey

Figure 5.9: Pre-survey part 6



C. UCLA LOLINESS SCALE

C. UCLA LOLINESS SCALE

Figure 5.10: UCLA LONELINESS SCALE PART 1



C. UCLA LOLINESS SCALE

Figure 5.11: UCLA LONELINESS SCALE PART 2



C. UCLA LOLINESS SCALE

Figure 5.12: UCLA LONELINESS SCALE PART 3



C. UCLA LOLINESS SCALE

Figure 5.13: UCLA LONELINESS SCALE PART 4



C. UCLA LOLINESS SCALE

Figure 5.14: UCLA LONELINESS SCALE PART 5



C. UCLA LOLINESS SCALE

Figure 5.15: UCLA LONELINESS SCALE PART 6



C. UCLA LOLINESS SCALE

Figure 5.16: UCLA LONELINESS SCALE PART 7



D. DASS21

D. DASS21

Figure 5.17: DASS21 PART 1



D. DASS21

Figure 5.18: DASS21 PART 2



D. DASS21

Figure 5.19: DASS21 PART 3



D. DASS21

Figure 5.20: DASS21 PART 4



D. DASS21

Figure 5.21: DASS21 PART 5

Figure 5.22: DASS21 PART 6



E. Post-Survey

E. Post-Survey

Figure 5.23: Post-survey PART 1



E. Post-Survey

Figure 5.24: Post-survey PART 2



E. Post-Survey

Figure 5.25: Post-survey PART 3

Figure 5.26: Post-survey PART 4



E. Post-Survey

Figure 5.27: Post-survey PART 5



E. Post-Survey

Figure 5.28: Post-survey PART 6



Figure 5.29: Post-survey PART 7

Figure 5.30: Post-survey PART 8
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