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Abstract

Loneliness affectsthe quality of life of peopleall around theworld. Lonelinessis also shown to be directly associated with mental
health issues and is often the cause of mental health problems. It is also shown to increase the risk of heart diseases and other
physical illnesses. Loneliness is studied both from the social and medical sciences perspectives. There are also interventions on
the basis of health informatics, information and communication technologies (ICTs), socia media, and other technological
solutions. Intheliterature, lonelinessis studied from various angles and perspectives ranging from biol ogical to socioeconomical
and through anthropological understandings of technology. From the ICT and technological sides, there are multiple reviews
studying the effectiveness of intervention strategies and solutions. However, thereisalack of acomprehensive review onloneliness
that engulfsthe psychological, social, and technological studies of loneliness. From the perspective of lonelinessinformatics (ie,
the application of health informatics practices and tools), it isimportant to understand the psychological and biological basis of
loneliness. When it comes to technological interventions to fight off loneliness, the majority of interventions focus on older
people. While loneliness is highest among older people, theoretical and demographical studies of loneliness give a U-shaped
distribution age-wise to loneliness; that is, younger people and older people are the demographics most affected by loneliness.
But the strategies and interventions designed for older people cannot be directly applied to younger people. We present the
dynamicsof lonelinessin younger people and also provide an overview of the technological interventionsfor lonelinessin younger
people. This paper presents an approach wherein the studies carried out from the perspectives of digital health and informatics
are discussed in detail. A comprehensive overview of the understanding of loneliness and the study of the overall field of tools
and strategies of lonelinessinformaticswas carried out. The need to study lonelinessin younger peopleisaddressed and particular
digital solutionsand interventions developed for younger people are presented. Thispaper can be used to overcome the challenges
of technological gaps in the studies and strategies developed for loneliness. The findings of this study show that the majority of
interventions and reviews are focused on older people, with ICT-based and social media—based interventions showing promise
for countering the effects of loneliness. There are new technologies, such as conversational agents and robots, which aretailored
to the particular needs of younger people. Thisliterature review suggeststhat the digital solutions devel oped to overcomeloneliness
can benefit people, and younger people in particular, more if they are made interactive in order to retain users.
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: 17% of adults aged 18 to 70 years report loneliness. Monetary
Introduction loss as a result of loneliness is estimated to be between
Lonelinessisaglobal health epidemic that affectsasignificant YS$8074.80 and US$12,0777.70 per person per year in the
number of global populations. In the United States, an estimated ~ UNited Kingdom [1]. The monetary cost of lost days and loss
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in productivity is estimated to be US$3.14 hillion per year for
employeesin the United Kingdom. Lonelinessisalso linked to
a 30% increase in heart disease, stroke, dementia, depression,
and anxiety [2-4]. Loneliness and isolation are interlinked yet
separate concepts. Loneliness is defined as the subjective
difference between a person’s desired and actual social contact
and relations [5]. Loneliness can be subjective, while isolation,
on the other hand, is a social phenomenon in which there is
actual absence of social engagement and contact both with the
immediate family and larger community [6]. This can be acutely
the case for older adults, where one-third and one-quarter of
them will experience feelings of loneliness and isolation,
respectively [7,8].

Social isolation results in the loss of self-esteem and
self-confidence and hence the ability to form meaningful social
relationships. Stigmamay be particularly significant for certain
age groups, such as young people [9]. Studies have linked
loneliness and social isolation to numerous determinants, such
as possible psychological, social, neurocognitive, and genetic
mechanisms, aswell asrelationshipswith community and social
factors [9]. What makes loneliness hard to study as a category
isthat it can be viewed as a transdiagnostic construct that can
occur alongside, aswell as cause and predict, avariety of mental
health conditions[10]. Transient lonelinessresultsin emotional
distress, which can be caused by social disconnection but can
be coped with. The problem arises if loneliness persistsin the
long-term, at which point it can result in the atering of
neurobiological and behaviora patterns. Cacioppo and Hawkley
[11] theorize about a self-enforcing loop of chronic loneliness,
leading to an increase in hypervigilance and cognitive bias
toward social threat, hence dliciting hostile behavior toward
social interaction.

There have been several systematic and scoping reviews done
to understand loneliness. Similarly, from a health informatics
perspective, there have been multiple systematic reviews of the
connection between loneliness and mental health [6,8,12-14].
From the health informatics side, there also have been studies
that deal with the application of technol ogy-based interventions
to cope with loneliness. There are aso scoping reviews to find
the effectiveness of technology-based intervention strategies
for loneliness[14]. However, there are limitations to the scoping
reviews done on loneliness, both theoretical (ie, psychological
aspect) and technical (ie, from ahealth informatics perspective).
The first limitation is that amost al of them focus on
intervention strategies for older people. Second, from a health
informatics  perspective, a comprehensive study of
technology-based interventions has not been carried such that
ageneral overview of different technologies used to cope with
loneliness can be drawn.

Young people are particularly proneto being lonely. The reasons
for this are multifaceted. The first context is a developmental
one, wherein adolescent social interaction is key to identity
formation and individuation from family [15,16]. Any negative
experience as to socia interaction can result in self-imposed
isolation, and thus loneliness. The other context is that of
increased risky behavior, which can be exacerbated by the
feeling of loneliness. Studies have shown that loneliness in
young peopleresultsin increased risks of smoking, taking drugs,
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and consuming alcohol [17]. Studies have a so shown that young
people are particularly prone to mental health problems, with
1in every 8 young people aged 5 to 19 years having a mental
health issue[18]. Becauseloneliness and mental health problems
are related in adults and 75% of al mental health problems
emerge before the age of 24 years, it is important to study
lonelinessin younger people and overcomethe condition earlier
to avoid consequent mental health problems.

Finally, the COVID-19 pandemic has had a greater impact on
thefeeling of loneliness among younger peoplethan the general
population, with 50.8% of people aged 16 to 24 yearsreporting
feeling lonely as compared to the general population ratio of
30.9% [17]. Other research has shown an increase in feelings
of anger and perceived stress during the COVID-19 pandemic
as compared to prepandemic levels[19].

These factors make studying lonelinessin young people urgent.
A review is important to find out what technology-based
interventions are available for loneliness among young people
and what kind of interventionswill be more effective than others
in reducing loneliness among young people. This paper was
written after consulting awide range of resources on loneliness,
from theoretical understandings of loneliness to technological
interventions for overcoming loneliness. The resources and
paperswere found using Google Scholar. No particular inclusion
methodology was used to review or study papers other than to
find papers that gave an introduction to both loneliness on a
theoretical level and for technological interventions. The
available literature was further studied to identify different
categories of technological interventionsto overcomeloneliness.
The survey of available literature revealed that a relatively
smaller number of technological interventions focus on
overcoming loneliness in younger people than in older people.
Summarily, there are 3 types of technol ogy-based interventions
in the literature on loneliness in young people. The first type
dealswith social media—based intervention strategiesfor fighting
lonelinessin young people. The second type dealswith broader
applications of information and communication technology
(ICT) ranging from videoconferencing, psychotherapy, and
remote counselling. The third type of literature available in
loneliness informatics is about exploring the effects of the
prevalent use of social media in young people and its
relationship with loneliness.

The major contributions of thisliterature review are asfollows:

- Situating the literature on loneliness in young people in
loneliness informatics through a short overview of the
literature on loneliness across all age groups.

- Comprehensively reviewing technol ogy-based intervention
strategies for reducing loneliness in younger people.

- Highlighting gapsin the current literature on lonelinessin
young people.

- Exploring and proposing methods and technol ogy tool sthat
can be used to build more effective tools for reducing
loneliness in younger people.
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Theoretical Understanding of Loneliness

While we provided some definitions of loneliness in the
Introduction section, it is imperative for the field of loneliness
informaticsto be well-connected with the theoretical grounding
of loneliness. For this purpose, this section will provide a
detailed theoretical understanding of lonelinessthrough different
psychological, biological, and social theories.

Whileloneliness can have positive connotationsin philosophical
contexts and in some evolutionary theories, the core elements
of the concept of loneliness are unwel come feelings associated
with a lack of companionship, either in quantity or quality.
Cognitive processes determine how a person processes the
feeling of loneliness. Taking this, Paplau and Perlman [20]
formally defined loneliness as “the unpleasant experience that
occurs when a person’s network of social relationships is
deficient in some important way, quantitively or qualitatively.”
Loneliness is a multidimensional phenomenon with 3 clear,
major components [21]. The first component is deprivation,
which can be called the core component. The second component
is the temporal dimension, that is, whether the feeling of
loneliness is perceived as changeable or hopeless. The third
component isthat of different types of emotional aspects, such
asfeelings of sorrow, sadness, guilt, and shame. The deprivation
and emotional components of this understanding of loneliness
point to the personal and social determinants of loneliness. Thus,
loneliness can betheresult of emotional isolation caused by the
absence of attachment and socid isolation caused by the absence
of community.

Londinessisunderstood by thefollowing three major theoretical
frameworks[22]:

1 Social needs perspective: This theory clams a direct
relationship between the objective socia redlity of
relationship deficit and the subjective experience of
loneliness. When arelationship does not satisfy the desired
social needs, loneliness arises. Desired social needs change
over time and the adherents of this theory claim that the
experiences of loneliness are expected to change over the
lifespan [20].

2. Cognitive discrepancy model: This model focuses on a
person’s subjective evaluation of the fulfillment
relationships bring rather than the social needs fulfilled by
the relationships. People tend to judge the satisfaction their
relationships bring on their own internal scale. Through
this scale, comparison is made with other relationshipsin
their circle or through a perceived sense of other people’s
relationships. The cognitive discrepancy arises when the
actual relationships do not meet qualitatively with the
perceived standard asjudged by a subjectiveinternal scale.

3. Evolutionary theory of loneliness (ETL): The previous 2
theories emphasize the social environment and its
relationship to the subjective feeling of loneliness. The
ETL, on the other hand, focuses both on the socid
environment and genesin devel oping feelings of loneliness.
According to the ETL, the feeling of being lonely even in
the presence of othersisabiological warning system, which
is found across all species, that signals that the present
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relationships one finds themselves in are either damaged
or threatened. The negative feelings associated with being
lonely motivate one to replace the negative bonding or
relationships. The ETL statesthat the feeling of loneliness
promotes emphasis on vigilance for socia threats and an
increased concern for one’s self-interests. This behavior is
influenced both by environmental factors and genetic
inheritance. Furthermore, according to the ETL, the onset
of lonelinessis not controlled by one gene but by multiple
genes. The role of these genes in determining loneliness
varies from one person to the other. For the socia
component, the ETL claimsthat the expression of loneliness
genes depends on the socia environment. Therefore, the
variability in feelings of loneliness is determined by the
interaction of genes and the social environment. The ETL
has multiple components, but for the study of loneliness
informatics and technology-based intervention, one
component isimportant. Reaffiliation motive, whichis part
of the ETL, states that aversive feelings of social isolation
caused by loneliness motivate individual sto reconnect with
other people [23].

Situating Loneliness Informatics for
Young People: Context for
Technology-Based Interventions

This section will give anin-depth literature review of loneliness
in younger people and technology-based interventions for
lonelinessin general. Lonelinessin younger people hasdifferent
social and generational dynamics. Therefore, loneliness in
younger people must be understood from its particular dynamics
in order to design effective digital interventions. In the first
subsection below, the theoretical understanding of loneliness
in younger people is given, while in the second subsection, an
overal picture of loneliness informatics is given with the aim
of situating loneliness informatics for younger people.

Under standing Lonelinessin Younger People

Lonelinessin younger people has yet to be explored and tackled
proportionately to the prevalence of loneliness in younger
people. Population studies of loneliness find a U-shaped age
distribution of loneliness; that is, the rate of lonelinessishigher
in older and younger people. The epidemiol ogical work carried
out on loneliness and its health impacts focus more on older
people[24-26]. Thefindingsaswell astheoretical underpinnings
of theworksthat focus on older people cannot bedirectly linked
and applied to younger people as the dynamics of loneliness
vary by age and cultural contexts and groups. Weiss [27]
suggested that the primary function of young adulthood is to
shirk off parental attachments and to make life and social
connections according to one's own subjective perceptions and
interests. Young adulthood is also the age when the new life of
college begins, which a so bringswith it the experience of social
distance from the established socia networks.

The reported evidence about loneliness in younger people
suggests an increased occurrence of loneliness in adolescence
years. Younger people and children aged 10 to 24 years report
loneliness as afeeling of isolation and a sense of exclusion and
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disconnection from their social context [28]. It was also noted
by the UK Office of National Statistics that people aged 16 to
24 yearsweretheloneliest of all age groups[28]. It was shown
by Qualter et al [29] that chronic loneliness predicts adol escent
depression. Loneliness affects the quality of life particularly
because of the stigma associated with seeking formal or informal
help [30]. The loneliness reported by younger people is even
higher than that reported by older people, as reported by some
studies. A web-based survey found that out of 55,000 people,
40% of people aged 16 to 24 years reported loneliness as
compared to 27% of people older than 75 years[28]. Behavioral
genetic analysis indicates that loneliness and depression are
influenced by the same genes, while the effects of these genes
can be higher in younger people. In view of the high prevalence
of loneliness in younger people and its potentia lifelong
consequences, it is paramount to gain a better understanding of
loneliness and its relation to depression in younger people and
to design age-appropriate treatments.

Psychological interventions for overcoming loneliness have
proven to work if the target areas are changing maladaptive
social perception, increasing socia contact, increasing
opportunities for socia interaction, and improving social

Figure 1. Dynamics of lonelinessin young people.
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Situating L oneliness I nformatics: Overview of the
Literature

This section aims to provide a brief overview of studies and
technology-based interventions for areas and concerns other
than loneliness in younger people.
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interaction and interpersonal skills [31]. Technology-based
interventionsfor lonelinessfocus on one or more of thesetarget
areas. Technology can engulf different modes of interventions,
such as individua psychotherapy with cognitive behavioral
therapy, mindfulness therapies, and social support groups
[32-34]. Because of the COVID-19 pandemic, remote
psychotherapies and support groups have been used.
Internet-based cognitive behavioral therapy and skills training
to access internet and web-based support have been used for
remote therapies [35,36].

Figure 1 presents the particular dynamics of loneliness in
younger people and shows that the causes of loneliness in
younger people are distinct; therefore, the solutions for
overcoming loneliness in younger people should address these
distinct causes. These distinct causes include processes of
identity formation, individuation from family, as well as
experiencing new environments, such as that of college and a
new city [15,16]. Figure 1 has presented these parameters in
graphical form with the consequences of increased loneliness.
The increased risk of mental health issues, isolation, and
substance abuse are presented [18,37].

Search for
meaning

Social isolation

—
Increased risk of = Mental health issues
L Substance abuse

Individuation

There have been scoping reviews done for | CT-based programs
andinterventionsfor older people. A scoping review of reviews
was carried out to study the effectiveness of communication
technologies to reduce the feeling of lonelinessin older people
[14]. Thereview included 28 studies, which combined covered
248 primary studies spanning over 50 years. The conclusion
was that communication-based technologies do in fact reduce
feelings of loneliness in older people. Although, the study also
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found that there was alack of evidence and limited insight into
innovative technologies, such as extended reality frameworks.
Inwork by Shah et al [1], asystematic review and meta-analysis
was carried out for digital technology—based interventions to
reduce lonelinessin older adults. The study analyzed 6 articles
including a total of 646 participants. The study showed no
statistical difference between the effectiveness of digital
intervention, but it self-reported the lack of enough studies and
small sample size of participants as the cause for the lack of
validating effectiveness.

However, there are studies (eg, [38]) that establish the
relationship between communication-based technologies and
reduction in the feeling of loneliness. A cross-sectional study
of 4315 adults older than 50 years reported that rura older adults
who used technology less frequently felt loneliness more than
urban older adults. The study also explored the relationship
between race, urbanity, and age, and recommended that
technology-based intervention be consider a social technology
to address rural and racial disparities. Nevertheless, the
connection or direct correl ation between social mediatechnology
use and reduction in the feeling of loneliness is not strongly
established. Wiwatkunupakarn et al [12] performed a study of
the effectiveness of social networking site usagein older people
for reducing loneliness. The study analyzed 10 observational
studies and 5 experimental studies, of which 5 studies focused
on loneliness and social isolation. Among the observational
studies, some evidence was found that the use of socia
networking sites was associated with reductionsin the feelings
of loneliness and depression; however, the study was lacking
on the experimental side. The conclusion here, too, required
more studies to establish unambiguously the relationship
between technology use and loneliness.

As can be seen from the reviews presented in this section, work
in technol ogy-based intervention to reduce loneliness has been
focused on older people. There is a protocol design study for
carrying out technology-based interventions for older people,
which details the parameters on which such a scoping review
can be done [6]. There is also a survey study about designing
adigital psychoeducation tool for reducing loneliness in older
people [39]. The study highlighted how the older adults
concerns about technology could be incorporated through an
iterative process in a co-design approach to designing a
technological approach. Budak et a [40] studied a
technol ogy-based intervention for dementiaand lonelinesswith
a particular focus on the role of assistive technologies. It was
concluded that assistive technologies meant to fight dementia
have a positive effect in reducing loneliness in older people.

Many studies meant to analyze loneliness in young people also
consider older people. For example, Loveys et a [31] found
that technol ogy-based interventions for both older and younger
people were acceptable to both groups. Other studies also
focused on surveying and designing feasibility cases for
technology-based intervention in older people [41,42]. The
common denominator in these technol ogy-based studiesisthat
both older and younger people are considered.

https://www.i-jmr.org/2023/1/e45197

Shah & Househ

Loneliness Informatics for Younger
People

This section presents in detail the literature on loneliness
informatics for younger people. This section aims to present
focused technological interventionsfor younger peoplein order
to build upon them. The following subsections discuss each in
detail.

|CT-Based | nterventions

While ICT-based interventions are used extensively for
overcoming loneliness in older people in the literature, it can
also be applied to younger people. |CT-based interventions for
loneliness in older people suit their needs of communication
and connection as their loneliness is often born out of socia
isolation. Pitman et al [9] presented a scoping review of reviews
of ICT-based interventions for older people; however, such
reports do not exist for younger people.

Studies on the effectiveness of ICT-based interventions for
young people are rare. Internet, videoconferencing, email,
telephone, video game consoles, tablets, and smartphones are
the mediums for implementing [CT-based loneliness
intervention strategies. The use of these mediums and toolsis
prevalent in younger people, and intervention strategies for
loneliness for younger people can be designed around them. In
work by Stephens-Reicher et al [43], an evidence base was built
to seethe efficacy of ICT interventions for youths facing social
isolation and ensuing mental health problems. It hasto be noted
that social isolation is not totally specific to young people, and
other groups, such as transgender people, may feel it and may
rely upon the internet to find safety and connection. Similarly,
for young people experiencing limited career opportunities as
well as limited social and educational opportunities, ICT tools
may be the gateway to building friendships and connection and
seeking ways for growth. It was also reported by Yeo and
Sawyer [44] that young people with chronic illnesses may have
limited opportunities for social interaction, which can be
overcome by the use of ICT for continual social and educational
participation [45].

The social isolation born out of geographical location and
socioeconomic parameters, such as race, class, and religious
identity, can reduce accessto face-to-face servicesfor loneliness
and other mental heath—related services. |CT-based
interventionsfor loneliness and related mental health problems,
if delivered strategically, can overcome geographic and
socioeconomic discriminations. The developmental challenges
faced by youthsthat lead to social isolation, such asgrowth and
consolidation of identity, maturation of identity, and transition
into forma schooling, can well be addressed by |CT-based
interventions. The specific importance of social and digital
media in web-based spaces for providing support during the
COVID-19 pandemic has been reported [46]. The ability to
connect with others is also reported to be associated with
well-being achieved through using communication technologies
[47]. The positive effects of technology intervention were
reported to be 44% [29]. A scoping review of interventions
specifically for youths suggested that technology may be an
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effective alternative to face-to-face interventions as 90% of
younger adults use the internet at |east occasionally [48]. The
current  literature is mostly focused on exploring
technol ogy-based interventionsto overcome lonelinessfor older
adults. This calls for the need to explore ICT and other
technology-based interventions to overcome loneliness in
younger people.

Social Media—Based | nterventions

Like ICT-based interventions for loneliness, social networking
sites (SN'Ss) and socia media—based interventionsfor loneliness
have been considered for older adultsin the literature. Because
of the wide appeal and use of social mediaand SNSs, there are
afew studies of these mediums for loneliness interventions in
younger people as well. The main distinction between social
mediaand SNSsisthat SNSs allow usersto share content with
limited users to see responses from friends, family members,
or followers [12,49]. This makes popular social media sites,
such as Twitter, Facebook, and Instagram, SNSs but not the
other way around. SNSswith limited circles of interaction were
found to be effectivein social support and be a source of health
information [50]. Lonelinessis reported to be reduced through
the use of SNS-based interventions for older people [51].

Socia media—based interventionsfor loneliness can addressthe
needs of younger people to connect and create bonds. The
displacement of identity and socia relations, which result in
loneliness in younger people, can be overcome through
SNS-based interventions. Studies show that social media
technology enables personal relationshipsinside and outside of
one's socia circle. The use of social media is aso shown to
result in adeepened sense of identity and purpose[52,53]. When
considering the use of social media—based interventions for
youths, thefollowing questions should be addressed: Does social
mediahelp informing social relationships among youths or the
opposite? Do some youths, on the basis of their socioeconomic
or geographical realities, become more prone to using social
mediaastheir primary source of socialization? Finally, issocial
media use associated with problematic internet use (PIU), and
at what point do the benefits of social media use change into
PIU?

A study in 2018 explored the relationship of social media use
over time in youths and frequent face-to-face communication
with close socia circles, such as family and friends, and their
associated subjective well-being [54]. The research provided
little support for the social displacement model theory, which
states that social media displaces or replaces real-life social
relationships, which have depth with remote socia media
connections. In fact, the study found a positive association
between social media use and well-being changes. Similarly,
thereislittle support for the assertion that increased social media
use can result in loneliness and depression [55]. If social media
and the internet are better integrated into the lives of the
participants, such aswhen they are used to interact with friends
and family, theresult isthefedling of lonelinessfades over time.

The social compensation model, contrary to the socia
displacement model, asserts that social media may reduce the
feeling of loneliness because it may be seen by users as a safer
space for exploring socia connections. Ellison et al [56] found
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apositive correl ation between the self-esteem of college students
and the use of social media sites. Individuals who are socially
anxious, introverted, or less likely to self-disclose may find
social media particularly helpful in establishing contacts, thus
reducing the feelings of social isolation and loneliness. The
self-disclosure hypothesis has also been supported in the
literature [57]. It was showed that, because of reduced visual,
auditory, and contextual signals, the users may become more
confident to share their feelings, vulnerabilities, and emotions
as they perceive the medium and the interaction to be less
judgmental, hence leading to more self-disclosure and deeper
relationships.

In areport by Vincent [58], the use of social mediato develop
asense of belonging was studied. Belonging and loneliness are
associated—a sense of belonging to acommunity brings down
the feeling of loneliness. The study explored the role of social
media as a therapeutic model used by college counsellors. The
results showed that such use of social mediaincreased the sense
of belonging. This study suggeststhat social mediacan be used
by college counselors as apotential tool to overcomeloneliness
in college students. Similar results were reported by Liu et al
[59] for minority youthsto identify more with web-based friends
and to report more support on theinternet thanin real life. When
belonging and overcoming loneliness is the central motivating
factor behind the use of social media, it wasfound that the sense
of community is likely to increase, resulting in areduction in
loneliness [60].

Robaots, Conver sational Agents, and Digital Humans:
Application to Lonelinessin Younger People

Robots are another area of technology-based interventions for
loneliness. Robotsare particularly useful for older adults[31,61].
Studies have suggested different robots for companionship and
reported ageneral reductioninlonelinessand anincreasein the
sense of companionship [46,62-64]. Social robots are aso
reported to improve londlinessin younger adults[65]. Similarly,
conversational agents (CAs), whererobots or interactive mobile
or software appli cations conversate, have been effectivein older
people, especidly if they are human-like embodied and use
proactive communications.

CAs can be employed for all age groups as they respond to the
needs of people with loneliness. Digital humans (DHs) can be
classified as a type of CA, with the difference that the agent
who is interacting with the user has a human-like appearance
and uses artificia intelligence to build real-time socia and
emotional engagement with users [66]. Interacting with such
an agent can reduce the feeling of loneliness, as the appearance
of DHs is human-like because they are based on red-life
characters. Some DHs are designed to include a complex
cognitive architecture modelled on human behavior, which is
ableto show attachment and separation toward usersto influence
their behavior. DHs can be useful in ddlivering remote loneliness
intervention as they are scalable and require access to the
internet and adevice, beit acomputer, tablet, or mobile device.

Thefeatures of DHsthat can be useful for countering loneliness
are the rea-life tasks that can be recommended by the
human-like CA to the user. In a study by Loveys et a [31], a
DH was designed by the name of “Bella’. Bellawas modelled
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to be a woman of Maori and New Zealand European decent,
and the program was accessible through the web. The
conversation facilitator (ie, Bella), responded to users’ input
through speech, text, or a prompt to press a button on a screen.
Bella engaged in human-like facial gestures, and her face
portrayed joy and concern. Bella also had linguistic variation
of her own such that the user did not feel mechanical repetition
of the same phrases. The relationship-building strategies
employed by Bella were taken from psychology and
human-computer interaction research [67]. Theseincluded tasks
such as positive self-affirmation, reaching out to a friend, and
complimenting someone you know. Participants who took part
in interactions with Bella reported that Bella was useful in
improving the feeling of loneliness and that they would like to
interact with Bella again in the future. The study also reported
that it was easy to train younger people to use the service either
in aclinic room at the university or through video calling, and
technical support requests were low for younger people during
the training. DHs are used for a variety of purposes. DHs play
akey rolein augmenting reality and in other forms of extended
reality. These are not limited to mental health applications, or
in the case of this paper, to loneliness informatics.

Conclusion and Future Directions

This paper presented a comprehensive review of loneliness
informatics. While there has been significant work done on
countering loneliness in older adults, the same is not true for
younger people, who have the highest loneliness numbers. This
paper discussed in detail the particular dynamics of loneliness
in younger people, which range from developmental changes
to transitioning into new social contexts to cultura and
psychological dynamicsthat beginto form at adolescence, such
as the search for personal identity, meaning, and purpose. This
paper presented an overview of lonelinessinformaticsfor older
people, which included the use of digital media, social media,
and robotics for interventions to cope with loneliness.

The focus of loneliness informatics is not on the younger
population. However, in terms of social media, there have been
some studies carried out. One downside of social media and
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digital media use is that it is often asserted that they are
responsible for increased loneliness in younger people. The
reported studiesin this paper suggested that this may not be the
case. However, there till is the possibility of PIU. There are
factorsthat may affect addiction possibilities, such aslow social
capital, which can carry over to social mediaand bullying, which
can happen in social media and web-based spaces. Some
students and younger people who have social anxiety issuesuse
social mediafor socialization. Overall, social mediawas found
to be an effective intervention tool and strategy for countering
loneliness. CAs and DHs, forms of digital technology with the
added features of human-like language processing or human-like
appearance, were a so found to be helpful as coping mechanisms
for loneliness. Because of the requirement of technology
competency, the study found that they are more helpful to
younger people.

Understanding loneliness from ahealth informatics perspective
is an open field. There are issues, gaps, and challenges that
should be addressed in future works. A comprehensive review
of different aspects of the application of technology to
understand loneliness and to design intervention programs for
overcoming loneliness can be undertaken. Examples of such
reviews can be the application of virtual reality— and extended
reality—based interventions for loneliness, machine
learning—based applications in serious games for loneliness,
and comparative analysis of thesetechnologiesfor younger and
older people. There are also other aspects of loneliness and its
intersection with technology that need to be explored, such as
whether the use of technology, especially social media, leads
to loneliness and how to use social media effectively for
countering loneliness. Other than analysis of the literature,
loneliness informatics can use data to understand lonelinessin
different geographical regions aswell asdifferent contexts. One
challenge to loneliness informatics is the availability of data,
which needs to be approximated from different sources, such
as social media and news analyses. Another challenge is that
the intervention strategies have to consider the socia and
economic contexts of loneliness, which need policymaking at
multiple levels of government and organizations.
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