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Abstract

Taxonomies on interfaces are used in the �eld of human-computer interaction
to classify and de�ne interaction modalities, methodologies, technologies, and
devices. However, most of these taxonomies and categorization methods have
not taken into account the setting in which the interfaces might be utilized. Fur-
thermore, they are frequently centered on technology or function rather than the
purpose, making them prone to becoming out-of-date as technology advances. To
address these issues, we suggest a new taxonomy based on the setting and purpose
of indoor home interfaces. We distinguish between the private and public settings
at home and consider a range of purposes when categorizing indoor home inter-
faces. This taxonomy aims to provide a comprehensive and timeless categorization
of indoor home interfaces based on the setting as well as the purpose, and it may
be used as a starting point for future home interface development, as well as to
identify gaps in the development of home interfaces that may be addressed in the
future by creating and developing new home interfaces.
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Überblick

Taxonomien über Interfaces werden im Bereich der Mensch-Computer-Interaktion
verwendet, um Interaktionsmodalit äten, Methoden, Technologien und Geräte zu
klassi�zieren und zu de�nieren. Die meisten dieser Taxonomien und Kategorisier-
ungsmethoden haben jedoch die Umgebung, in der die Interfaces verwendet wer-
den könnten, nicht ber ücksichtigt. Dar über hinaus konzentrieren sie sich häu�g
eher auf Technologie oder Funktion als auf den Zweck, was sie dazu neigt, mit
dem technologischen Fortschritt zu veralten. Um diese Probleme anzugehen, sch-
lagen wir eine neue Taxonomie vor, die auf der Einstellung und dem Zweck von
Indoor-Home-Interfaces basiert. Wir unterscheiden zwischen privaten und öffent-
lichen Umgebungen zu Hause und ber ücksichtigen eine Reihe von Zwecken bei
der Kategorisierung von Indoor-Home-Interfaces. Diese Taxonomie zielt darauf ab,
eine umfassende Kategorisierung von Interieur-Home-Interfaces basierend auf der
Umgebung sowie dem Zweck bereitzustellen und kann als Ausgangspunkt f ür die
zukünftige Entwicklung von Home-Interfaces verwendet werden. Es kann auch
verwendet werden, um L ücken in der Entwicklung von Home-Interfaces zu iden-
ti�zieren, die in Zukunft durch die Schaffung und Entwicklung neuer Interfaces
geschlossen werden können.
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Chapter 1

Introduction

People are interested in adopting convenient procedures
over the internet to operate and monitor home appliances
remotely, thanks to the introduction and rapid expansion
of Internet of Things (IoT) and smart home automation sys-
tems [Hezam et al., 2020]. Computing systems are ubiquit- Most areas of

everyday life make

use of computing

systems

ous in nearly every aspect of human life, and they provide a
variety of purposes. Traditional desktop PCs or industrial
control systems, as well as mobile devices such as smart
phones or tablets, are included in computing systems, as
are more modern and pervasive innovations such as home
control components or smart e-textiles.

The development of home interfaces has been positively
affected by the usage of Internet of Things (IoT) tech-
nologies and smart houses [Taiwo et al., 2020]. Smart Internet of Things

(IoT) and smart

home have had an

impact on the

evolution of home

interfaces

appliances such as smart lighting control, smart tele-
visions, smoke detectors, �re detectors, temperature
monitoring, and so on have been implemented in smart
homes as a result of IoT technologies, which has in�uenced
the range of indoor home interfaces produced. Home
interfaces are pervasive in our daily lives, encompassing
work, health, education, and more. We are surrounded
by home interfaces, which range from voice assistants to
universal remote controls for controlling home equipment. Interactive essential

home appliancesTo make essential home appliances and furniture used
everyday interactive, various features and technologies
are integrated in them. For example, an interactive
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couch [Pohl et al., 2015], chair [Shirehjini et al., 2014],
cushion [Guanqing Liang et al., 2017], bed frame
[Djakow et al., 2014], shower curtain [Funk et al., 2015]
and bathtub [Hirai et al., 2017]. In addition to their extens-
ive use, home interfaces are often used in human-computer
interaction research, with applications ranging from home
monitoring to home appliance control.

The majority of home interfaces were created to make
users' lives easier [Card et al., 1991]. Specially for peoplePeople with

disabilities can

bene�t from home

interfaces that

provide basic care

with disabilities indoor home interfaces create a comfort-
able environment by providing basic care. Home interfaces
provide a number of bene�ts to consumers with disabilit-
ies, including the ability to operate home appliances, mon-
itor users' health at home, and entertain them in a variety
of ways.

In the subject of human–computer interaction, most tax-Other taxonomies on

interfaces focus on

interaction

modalities,

techniques,

technologies and

devices

onomies on interfaces are used to identify and character-
ize interaction modalities, techniques, technologies, and
devices. Bernsen [2008], for example, presented a tax-
onomy for input and output modalities, focusing on three
categories: media visuals, acoustics, and haptics. Nat-
ural language and voice interfaces for operating home
interfaces in a home context were examined by Möller
et al. [2004], Potamitis et al. [2003], and Yates et al. [2003].
Jaimes and Sebe [2005] offers an overview of multimodal
interaction methods, and Multi-party interaction, such as
interactions between inhabitants and autonomous agents
like mobile robots, virtual humans, and other smart items
in the environment, is crucial, according to Nijholt [2008].

While there are various helpful taxonomies and clas-The purpose and

setting of interfaces

are taken into

account in this

taxonomy

si�cation frameworks for categorizing and describing
human–computer interaction approaches, none of them
captures the whole scope of home interface goals and pur-
poses. In this taxonomy we are concerned with the purpose
of indoor home interfaces as well as the setting they may be
used in. More speci�cally, we differentiate between private
and public setting. A private setting is a room in the house
where just one person is present, such as the bathroom and
a public setting is a room or area in a residence where sev-
eral people interact, such as a living room or kitchen.
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This taxonomy also takes interfaces into consideration
that can be used in both private and public settings due
to the fact that there are interfaces such as CapCouch
[Pohl et al., 2015], cushion [Guanqing Liang et al., 2017],
and GeeAir [Pan et al., 2010] that can be used in both set-
tings.

The aim of indoor home interfaces can vary a lot, which A list of purposes

was created after the

investigation of

interfaces

is the reason why we take a variety of purposes into con-
sideration. We studied several taxonomies as well as in-
vestigated over 160 interfaces and picked the suitable ones
to re�ect the purposes as well as the setting of the inter-
faces in order to develop a list that de�nes a wide variety
of purposes that are now utilized in indoor home interfaces.
The purposes utilized in our taxonomy to classify the in-
terfaces investigated are: comfort, communication, education,
entertainment, health, security & privacy, and sustainability.

Comfort is de�ned as the capacity to make a user's home The purposes

chosen are comfort,

communication,

education,

entertainment,

health, security &

privacy, and

sustainability

environment pleasant, such as operating interfaces without
the need for further movement or controller. Commu-
nication is speci�ed in our taxonomy as an interaction
between numerous individuals; it does not include human-
computer interaction. Our understanding of education and
entertainment is identical to that of the broader de�nition.
Education is described as the ability to learn and be in-
formed, whereas entertainment is de�ned as the capabil-
ity to be entertained by an item. In our taxonomy health is
described as the preservation of physical and mental well-
being, as well as the treatment of conditions. The concept of
security and privacy includes safeguarding the user's res-
idence from invaders, natural disasters, and technological
threads. The �nal goal we evaluate is sustainability, which
is described as the management of energy and water use at
home in order to decrease one's environmental impact. In
Section 2.1, these purposes as well as the private and public
settings will be outlined in further detail.

The following is an outline of the taxonomy's structure.
The suggested taxonomy is then introduced in Section 2
before being thoroughly elucidated in Section 2.1. Sections
3-5 categorize and explain the interfaces that were studied.
Section 6 discusses the interface interactions, followed by a
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brief summary and conclusion in Section 7.
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Chapter 2

Taxonomy

This section primarily comprises our taxonomy proposal
of indoor home interfaces based on the purpose and if the The classi�cation is

based on the setting

and the purpose of

the interfaces

interfaces can be used in public or private settings. First
the goals and scope of the taxonomy are brie�y described,
which are then subsequently detailed in further depth in
the next section.
The taxonomy is based on the requirements and desires of
human beings and it is designed to classify not just all cur-
rently known interface and device purposes, but also those
that may become accessible in the future. Indoor home
interfaces provide a list of aims and goals, which the tax-
onomy is based on.
Home interfaces were developed to make living easier and The goal of indoor

home interfaces is to

make life easier

to decrease resource waste [Card et al., 1991]. Their uses
are various, but they may be monitored and controlled for
safety, care, and convenience to ful�ll these and many more
goals. Home interfaces involve a wide range of devices, ap-
pliances, and sensors that are meant for different purposes
around the house, for example, interfaces that provide
users with comfort [93, 89, 59, 53] or entertainment [62, 105,
47, 116, 51] .
To produce a list of purposes that encompasses the majority Additional

taxonomies were

investigated in order

to produce a list of

purposes

of the purposes used for indoor home interfaces, we look at
other taxonomies.
Hezam et al. [2020] discuss the development of an Internet
of Things (IoT) protected framework that enables different
IoT objects to securely connect with the internet, where they
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classi�ed smart home objects into eight categories based on
the hardware and capabilities of the objects: Energy and
Lighting, Security Cameras, Smart Detectors, Household Ob-
jects, Consumer Objects, Gateways, Smart Health,and Home
Entertainment. While this classi�cation is based on the hard-
ware used in a smart home, the speci�c purpose of the ob-
ject is used in our taxonomy.
Home safety, healthcare, entertainment, control and monit-
oring of home equipment, and enhanced energy ef�ciency
are just a few of the services provided by home interfaces,
which is discussed by Taiwo et al. [2020].
They focused on a review of IoT-smart home automation
systems. Taiwo et al. [2020] propose a taxonomy of IoT-
smart home automation based on methods, technologies,
application areas, and other components involved. The
application area is categorized into �ve different categor-
ies: Smart Home Healthcare, Smart Home Energy Ef�ciency,
Smart Home Entertainment,and Smart Home Safety. WhileThe parallels

between the

taxonomies serve as

inspiration for our list

of purposes

Hezam et al. [2020] and Taiwo et al. [2020] chose different
categories to classify smart home objects, there are some
similarities which are used as an inspiration to �nd a tax-
onomy for indoor home interfaces.

As mentioned above our taxonomy is based on the speci�c
purpose of the interfaces and if they can only be utilized in
public or private settings.

PRIVATE SETTING :
A private setting is de�ned as space in a home that is not
available to the public and where the user is alone.

De�nition:

Private Setting

PUBLIC SETTING :
A public setting is de�ned as a space in a house where
several people may interact with one another.

De�nition:

Public Setting

The setting of the interfaces is critical for our taxonomy be-
cause certain interfaces are only supposed to be used in
private settings in the house, such as the bathroom, while
others can only be used in public settings, such as the liv-
ing room with multiple users. Of course, a wide range ofBoth private & public

settings are also

taken into account

simultaneously

interfaces may be utilized in both settings, which is why we
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include that category as well.
The taxonomy takes into account private and public set- The setting is

considered because

the rooms in a house

have a number of

functions

tings because the rooms in a home can be utilized for a
variety of purposes. Although the living room had tra-
ditionally been regarded of primarily as a means of com-
munication between the hosts and their visitors, the �nd-
ings of Rechavi [2009] indicated differently. According to
their results, the living room is utilized for a range of pur-
poses, including secluded activities and receiving visitors.
While the research by Rechavi [2009] is focused on the liv-
ing room, it may also be applied to other areas of the house,
such as the kitchen and bedroom. The majority of a home's
rooms may be utilized for a number of functions, which
is another reason why our taxonomy takes the private and
public setting into consideration.

As previously stated, the purpose of indoor home inter-
faces is another category covered in our taxonomy. In order The purposes

chosen: comfort,

communication,

entertainment,

education, health,

security & privacy,

and sustainability

to create a list of purposes that encompasses a wide range
of purposes that are currently available in indoor home in-
terfaces, previous taxonomies that include the functional-
ity and purpose of smart home applications, as well as a
large number of home interfaces developed were investig-
ated. The fundamental purposes chosen for our taxonomy
are as follows: comfort, communication, entertainment, educa-
tion, health, security & privacy, and sustainability.

The reason why these aspects were chosen for our tax-
onomy of indoor home interfaces is explained brie�y in the
following sentences.

Comfort is one component of the taxonomy since the
purpose of home interfaces is to make the user's envir-
onment at home as comfortable and simple as possible
[Frontczak, 2011]. Interfaces that aim for the user not to Home interfaces are

designed to make

the user's home

environment as

comfortable and

uncomplicated as

possible

move or to take action to control devices or subsystems in
the house give comfort to the user. Comfort may also be
archived via the con�guration of interfaces, such as inter-
faces that are not an impediment to the user's everyday life
and that make household duties simpler. This area was tar-
geted the most in interface research, which is why comfort
is included as a category in the taxonomy. The interfaces
GeeAir[Pan et al., 2010] andSmartSleeve[Parzer et al., 2017]
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fall into this category.

Another purpose chosen to take into consideration for ourHuman beings must

remain linked and

communicate with

one another

taxonomy is human-to-human communication in homes.
Human beings need to stay connected and communic-
ate with each other and interfaces such as the ShareTable
[Yarosh et al., 2013] provide exactly that. They ensure that a
group's connection operates without interruption, and that
communication between family members and those who
are not at home is simpli�ed. Winbow [2002] discovered
that effective communication bene�ts us all in our personal
and professional lives, making it a vital element of one's
life. That is why communication is included in the tax-
onomy.

Aside from communication being an essential as-People desire to be

entertained in their

own homes

pect of a person's life, entertainment is also vital.
Brock and Livingston [2003] conducted a study about
the importance of entertainment and found that people
would only give up their TV in exchange for a huge
amount of money. They concluded that humans desire to
be entertained in their own homes and to appreciate their
surroundings. As a result, various home interfaces, such
as the Ambient Wall [Kim et al., 2011] and the DJammer
[Slayden et al., 2005], ensure that this is accomplished.
Music speakers, tabletop displays, and wall-mounted
interfaces are just a few examples of how the user and their
guests may be entertained at home.

Part of the day-to-day life of human beings includes edu-Education is

important for

personal, social,

political, economic,

and cultural

advancement

cation and the desire to stay on top of the news around
the world. Bhardwaj [2016] investigated the signi�cance
of education and found that the importance of education
cannot be emphasized enough whether in personal, social,
political, economic, and cultural progress. They concluded
that education is available in all aspects of life, making it
a crucial element of one's existence and that education is
the key to future success and a plethora of opportunities
in ones life. News is also an important aspect of a per-
son's life since it keeps them updated about current events
across the world. As a result, we include education as
a category in our taxonomy. This category includes the
interfaces Read-It [Sluis et al., 2004] and Information Wall
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[M äkelä et al., 2014], which ensure that consumers remain
educated and informed while at home.

In addition to the previously listed categories, health is Everyone prioritizes

their health, making it

essential in their

everyday lives

included in the taxonomy. Home interfaces that aim for
the health of the users allow them to live a more inde-
pendent and self-suf�cient life Taiwo et al. [2020]. Health
care offered through home interfaces includes the main-
tenance of the physical and mental quality of life, as well
as the management of conditions. Since health is essential
to everyone's well-being, we include it in our taxonomy.
Even if they are medically well, most individuals prioritize
health care in their daily lives. Some interfaces that fall into
this category are Movibed[Djakow et al., 2014] and SpiroVest
[Enokibori et al., 2013].

The security & privacy of users in their homes is an essen-
tial part of their lives that should be accounted for in our
taxonomy. Due to the increase of technology being used The rise of

technology in the

house brings

complex new threats

in homes security & privacy has become an important as-
pect in people's lives [Anwar et al., 2017]. The issue be-
comes increasingly complex and intriguing as new threats
and weaknesses are identi�ed regularly. Recent security
breaches in smart home setups have led to various develop-
ments of indoor home interfaces which speci�cally insure
the security & privacy of the users [Anwar et al., 2017]. For
example Guo et al. [2018] and Kobayashi et al. [2018] both
provide interfaces that �t under this category.

Another aspect that is critical in our lives is sustainabil- Sustainability

improves our quality

of life while also

protecting our natural

resources

ity, especially nowadays due to climate change [Clift, 2007].
It enhances our standard of living while also preserving
our natural resources and the environment for genera-
tions to come. Sustainability in homes can be achieved
in various ways, for example with energy manage-
ment [Lashina, 2004] or managing the usage of water
[Laschke et al., 2011] in homes.

The investigation of interfaces led to the selection of just
these purposes for our taxonomy. The chosen purposes
were highlighted and targeted when researching for ex-
citing interfaces provided by various developers and re-
searchers. As a result, the list of purposes was picked not
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only based on other taxonomies, but also on the interfaces
discovered for this taxonomy.

The intention behind this taxonomy is to give a compre-A complete

classi�cation of

interfaces

hensive categorization of interfaces created depending on
the setting and purpose. In addition, it will serve as a start-
ing point for the future development of indoor home inter-
faces.
Interfaces may be classi�ed using the taxonomy dependingA starting point for

new interfaces on their purpose and setting. This may be required when
introducing new interfaces, but it may also give a deeper
knowledge of existing interactive settings. It can also be
bene�cial for developers as a starting point for deciding on
the purpose and interface settings.
This taxonomy can also be used to detect interface researchResearch and

development gaps

can be identi�ed

and development gaps. Researchers and developers may
use this taxonomy to discover current and known gaps in
the development of indoor home interfaces, which can then
be used to create new interfaces that �ll those gaps.

2.1 The Elements of the Taxonomy

This section delves into the speci�cs of our proposed tax-The taxonomy is

based on the setting

and the purpose of

the interfaces

onomy discussing its components individually. At �rst, it
is crucial to note that the taxonomy is constructed around
the setting and aims of each interface. Thus, the major
principles are based on human needs and desires in their
homes, but they attempt to capture both the purpose of
home interfaces and the type of setting used to ful�ll these
objectives.
Indoor home interfaces were created with the goal
of making living easier and reducing resource waste
[Taiwo et al., 2020]. They involve a wide range of devices
and sensors that provide different services to the users but
the purpose of these interfaces can be classi�ed into cat-
egories. First, we distinguish between private and publicFirst, the setting is

examined, followed

by the purpose

setting in our taxonomy, and then we divide the interfaces
into seven categories that encompass all of the goals and
objectives of each particular interface: comfort, communica-
tion, entertainment, education, health, security & privacy, and
sustainability.
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Figure 2.1: The categories of the taxonomy: The �rst level speci�es the interface
settings, which are classi�ed into three categories: private, public, and private &
public. The purpose is established at the second level.

2.1.1 Setting: Public vs Private

Our taxonomy distinguishes between private and public Our taxonomy

distinguishes

between private and

public settings

settings in a home at the top level as seen in Figure 2.1.
The setting of the interfaces is included in our taxonomy
since most interfaces describe the location utilized, but
they may also be used in other scenarios at home. Also
Korosec-Serfaty [1984] distinguished between spaces in the
home that serve as communal social hubs such as the living
room and places where a private, concealed existence takes
place such as the bathroom. Although most indoor home
interfaces do not provide the interface's usage setting, their
use in a setting may be established. As a result, the private
and public areas of a home are segregated in this taxonomy.
A home, as described by Birch [2010], is a private space that
is not available to the public. A home is intended for the
family who resides there. Hall [1966] de�nes private prop-
erty as an individual's area. We de�ne private space in a A private setting is

one in which the user

is alone

house in our taxonomy as locations where one person is
alone, such as the bathroom.
Our taxonomy's concept of a public place differs from
Birch [2010]. A public environment is de�ned as a location
to which everyone has access. In this taxonomy a public
setting is a space in a house where several people may in- A public setting is a

place where many

individuals may

engage with one

another
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teract with one another, such as a living room or kitchen.
There are home interfaces that may be used in both private
and public situations in the home, which is why a new cat-
egory was created to capture those interfaces and their pur-
pose (e.g. [62, 91, 68, 93, 105]).
Our taxonomy analyzes the purpose of each interaction at
the next level. Health, security & privacy, and entertain-Private setting is

further classi�ed as

entertainment,

health, and security

& privacy

ment are all regarded to be private objections in houses.
The fact that certain interfaces are designed for bathrooms,
which we consider a private place, explains why entertain-
ment is included in the private setting. Aspects such as
health, security, and privacy, which are self-explanatory, are
also considered in private places. A person's health may
be monitored in public places, but only by the user them-
selves.
Communication and education are two goals that belong inPublic setting is

further categorized

into education and

communication

public spaces. Human-to-human communication can only
be done among people, making it an aspect that should
only be examined in public situations. The sole reason
education is part of the public setting is because of the re-
searched interfaces that are intended for usage by numer-
ous individuals such as the Information Wall designed by
Mäkelä et al. [2014].
For the category private and public setting, the objectivesPrivate & public

settings are further

subdivided into three

categories:

sustainability,

comfort, and

entertainment

of comfort, entertainment and sustainability are taken into
consideration because they may be utilized in both private
and public settings. Even though entertainment is also con-
sidered in a private environment, as previously stated, only
interfaces developed particularly for private settings are
taken into account. During the classi�cation of this sec-
tion, all interfaces that may be utilized in both scenarios
are taken into consideration.

2.1.2 Comfort

The concept of comfort is among the purposes of the in-
door home interfaces already developed. While everyone
de�nes comfort at home in a different way, there are a few
aspects that everyone can agree on. Frontczak [2011] dis-Physical and human

elements in�uence

the comfort of a

home

covered a number of physical elements, such as air tem-
perature, relative air velocity, and air humidity, as well as
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human factors, like as activity level and clothes, that in�u-
ence the comfort of the interior home environment. Other
elements unrelated to the indoor environment, such as out-
door climate and personal qualities of building inhabitants,
all impact comfort in a house, as do thermal, auditory, and
visual comfort, as well as contentment with air quality.
According to Taiwo et al. [2020] comfort can be provided Comfort is provided

via interfaces that

control appliances

without requiring the

consumers to move

through interfaces that do not need the user to move or take
action to control devices around the house such as control-
lers and phones. Also, interfaces such as sensors and wear-
able interfaces aim for the comfort of the user by providing
an easy-to-use product.
An example of an interface that aims for the user's comfort
is presented by Pan et al. [2010]. The interfaceGeeairallows
the user to manage their home appliances without moving
and using various modalities. Additionally, the Geeaircan
control anything in the house, eliminating the need for ex-
tra controllers.

2.1.3 Communication

A further element that has been explored as a reason for
indoor home interfaces is interpersonal communication. Communication is

crucial for children's

development as well

as adults' mental

health

Gilmore et al. [1982] discovered that children grow and
learn at home as well as at school, which is why family
contact is so important in their growth. The importance of
adult conversation and interaction at home cannot be over-
looked. Palmer et al. [2019] examined this and discovered
that social connection is critical for individuals' mental and
physical health. They came to the conclusion that commu-
nication has a signi�cant in�uence on older persons' men-
tal health and is the foundation of social engagement.
It is not dif�cult to remain in touch with others these
days via smartphones and other devices, and home in-
terfaces make it even easier. For example, eye-free wear-
able interfaces that can be connected to a smartphone
[Kikuchi et al., 2017]. However, communication remains a Communication is a

barrier for individuals

with disabilities

challenge for persons with disabilities [Caporusso, 2008].
Individuals with disabilities still have dif�culty communic-
ating with people who do not understand sign language,
which is why different interfaces, like as the one given by
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Gollner et al. [2012], try to overcome this problem. This in-
terface allows people with impairments to communicate
with others either on the go or at home.

2.1.4 Entertainment

Aside from communication, which is a vital notion for
humans, entertainment is also important, particularly at
home. Entertainment is one component of a sociable andOne aspect of a

social and lively

house is

entertainment

dynamic home. To enjoy their surroundings, humans want
entertainment in their homes, such as watching movies,
listening to music, and playing games with family and
friends. Indoor home interfaces seek to improve the atmo-
sphere and quality of life in households by providing en-
tertainment.
Indoor home interfaces eliminate the need for a second re-
mote control and make life easier at home by allowing users
to manage many pieces of entertainment equipment from a
single location. Others, such as access to media in the bath-
room [Funk et al., 2015] or a table interface particularly de-
signed for amusement [Kunz and Fjeld, 2010], are exclus-
ively built for the users' enjoyment in private and public
settings.

2.1.5 Education

People like to be entertained at home, but they also like to
be educated and learn at home. A further motivation for
indoor home interfaces that has been investigated is educa-
tion. Our everyday lives and surroundings are �lled with
computational devices and a large amount of information
about the current situation in the world. Indoor home inter-
faces make use of technology to ensure that consumers stay
informed and educated at home. Some interfaces make useTo ensure education

at home, everyday

objects are

incorporated

of objects at home [e.g. 87, 82] to ensure that users may ob-
tain information that is relevant to them, such as weather
forecasts or news.
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2.1.6 Health

Health is another aspect that has been considered as a pur-
pose for indoor home interfaces, specially for elderly and
people with disabilities. The avoidance, therapy, and con- Aspects of health

include illness

prevention and

treatment, as well as

the maintenance of

physical and mental

well-being

trol of diseases, as well as the maintenance of physically
and mentally quality of life, are all aspects of health. In-
door home interface ensure a better quality of live for the
youth and the elderly. Indoor home interfaces improve the
quality of life for both young and old [Taiwo et al., 2020].
By using sensors, actuators, and wristbands to monitor the
user's physical health, the home interface can help to avoid
diseases. Not only diseases, but even health problems that
the majority of people face, such as back pain caused by
sitting or sleeping, can be avoided. Some interfaces eval-
uate the force of movement on the furniture or track the
body's movement [Braun et al., 2015a, Djakow et al., 2014].
Indoor home interfaces for healthcare also attempt to ful�ll
the needs of the disabled by allowing them to use easily ac-
cessible devices to operate equipment [Gautam et al., 2014].

2.1.7 Security & Privacy

For users to feel welcomed and at home, a house must
be secure and safe, which is why security & privacy are
being researched as a use case for indoor home inter-
faces. Security & privacy are important aspects of home The security &

privacy of the home

is guaranteed by

detecting and

avoiding irregularities

in the residence,

such as power

outages, �res, and

unwanted entrance

interfaces, the issue becomes increasingly complex and in-
triguing as new threats and weaknesses are identi�ed on a
regular basis [Anwar et al., 2017]. Anomalies in the home,
like power outages, �res, or illegal entry, can be recog-
nized and avoided immediately using indoor home inter-
faces [Taiwo et al., 2020]. For undesired and illegal entry
into the house, sensors and cameras can be utilized to alert
the home owner via their smartphone or other device that
they have with them at all times. Alarms, remote monitor-
ing [Lukman et al., 2018], and, as previously noted, video
surveillance [Soliman et al., 2017] are all used by indoor
home interfaces to handle such circumstances.
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2.1.8 Sustainability

Sustainability is considered as a possible cause for the de-
velopment of indoor home interfaces. The goal of the in-
door home interfaces presented is to create a house that
is both sustainable and environmentally friendly. ThereThe existence of

several

energy-consuming

appliances at home

necessitates a

reduction in

consumption

should be a reduction in its consumption due to the
presence of multiple energy-consuming interfaces. In-
door home interfaces enable users to manage and regulate
the use of water, electricity, lighting, and other electrical
devices in their homes, resulting in lower energy use. In-
terfaces achieve this objective in a variety of methods, such
as a calendar that tracks how much water is used in the
shower [Laschke et al., 2011] or sensors that turn lights on
and off as needed [Lucero et al., 2006].
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Chapter 3

Private Setting

The following chapters provide classi�cation of existing in-
door home interfaces, �rst based on the setting in which
they can be used, and then subsequently on the purpose of
the interfaces. In Section 2.1, the setting and the categories
utilized for the purpose are described and explained in de-
tail. This chapter classi�es existing indoor home interfaces The purposes

categorized in the

private setting are

entertainment, health

and security &

privacy

in private setting. Utilizing the interface in a private envir-
onment entails using the interface while the user is alone
at home. The private context is included in this taxonomy
because, while some spaces at home are designed to be util-
ized for social activities, they may be used for private pur-
poses. In a private setting, interfaces are further classi�ed
into the categories of entertainment, health, and security
& privacy. Entertainment is sub-categorized under private
spaces, because the interfaces described here are exclus-
ively suited for use in the bathroom. This taxonomy also
considers entertainment interfaces that may be utilized in
both private and public setting at the same time, which will
be discussed in Section 5. Section 2.1.1 goes into great depth
on why just these subcategories were chosen for the private
setting.
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3.1 Entertainment

The living room is the common place for entertainment in
a home, but when it comes to the private setting, the bath-
room is where most of the interfaces are directed for enter-In a private

environment, the

bathroom is a

common place for

entertainment

tainment, such as the interfaces given by Funk et al. [2015]
and Hirai et al. [2012]. The majority of user interfaces de-
signed for entertainment may be used in both private and
public settings, however, the interfaces given below are
designed for private settings such as the bathroom. The
shower and bathtub were two locations where researchers
investigated media consumption and interfaces in the bath-
room. Access to media is the driving force behind the cre-Access to media in

the bathroom as a

source of inspiration

for the interfaces

ation and development of these interfaces. There are just
a few instances where digital media cannot be employed.
The only everyday activities that prohibit access to and en-
gagement with digital media are bathing and showering,
which is why the presented interfaces are speci�cally in-
tended for these environments.

Figure 3.1: The interactive shower curtain: information is
projected on the shower curtain, which may be manipu-
lated by touch. Image taken from Funk et al. [2015].

Funk et al. [2015] identi�ed the shower as a location whereAn interactive shower

curtain to access

media
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many users do not have access to the media. They de-
signed an interactive shower curtain to allow the user to
access various media sources on the internet (see Figure
3.1). As a result of a thermal camera, a touch-sensitive cur-
tain is created outside the shower while retaining the user's
apparent privacy. The system can be used to play music,
sing karaoke, or read the newspaper as well as see how
long the shower is taking. Funk et al. [2015] developed
a working prototype for the system and tested it with a
number of people, concluding that while the system allows
users to utilize media and information in the shower, it will
lengthen their shower time. The technology is exclusively
focused on the shower and the display of information on
the shower curtain. The bathtub, which is the goal of the
forthcoming interfaces described, is not included. While
only one shower interface was identi�ed in our research, a
couple more were found for the bathtub.

Hirai et al. [2012] invented a method that allows music to Bathcratch allows the

creation of music in

the bathtub

be generated in the bathtub. Bathcratchrecognizes squeaks
generated by the touch of the user on the rim of the bathtub
as well as other similar sounds and turns them into melodic
sounds. The bathtub is effectively transformed into the user Melodies can be

created by touching

the bath rim

interface for a DJ controller by inserting sensors that sense
touch and sound. While their technology is fascinating as
a bathroom interactivity system, their focus was strictly on
listening to noises and did not include the ability to display
nor manipulate information.

Hirai et al. [2013] also developed an interface for the
bathtub, the TubTouchwhich is a sensor touch user interface TubTouch as another

interactive interface

for the edge of the

bathtub

for users at the edge of the bathtub. The interface may be
used to manage bathroom appliances such as lighting, wa-
ter temperature, TVs, and music, as well as a range of ap-
plications. Users interact with the TubTouchusing capacit-
ive touch sensors mounted to the inner edge of the bathtub,
and a projector installed above the bathtub projects a screen
over the touch sensors.
TubTouch, as previously stated, may be used to operate Applications

designed for

TubTouch:

Bathtuboom,

Batheremin,

BathCount, and

Bathcratch

bathtub apps as well as entertainment applications. Tub-
Touch's entertainment applications include Bathtuboom,
Batheremin, BathCount, and Bathcratch as seen in Figure
3.2. Hirai et al. [2013] showcased the system, as well as the
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