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BSTRACT

Loneliness is a prevalent and global problem for all people, and it can
adversely affect their quality of life. Many research investigations have
confirmed the negative psychological impacts of loneliness on people’s
the unwanted impact of loneliness. Yet, these interventions are missing
the power of reasoning to predict the onset of loneliness. Consequently,
this paper presented the work of developing a computational cognitive
agent model of loneliness using a causal networking modeling approach
by relying on discrepancy model as a benchmark to serve as analytics
engine for a companion robot design. Loneliness determinants and their
causal relationships were identified from the literature and formalized to
construct the intended cognitive agent model. Furthermore, simulation
analyses under various parameter settings were implemented to explore
the causal relationships among the identified loneliness determinants and
those simulations revealed similar behaviors or patterns to existing
literature. The designed cognitive agent model was evaluated using both
of mathematical analysis and automated logical analysis. These two
evaluation approaches have proved the correctness of the designed
model. The developed computational loneliness agent model with little
tuning can serve as a core analytical engine for intelligent technologies
such as robots to control and monitor the adverse effects of loneliness.

Introduction

reported that rates of severe loneliness among adults

Loneliness has become an emerging public
health issue that has grabbed the attention of research
recently and one of the main issues that the World
Health  Organization (WHO) is constantly
emphasizing because of growing concerns [1], [2]
that loneliness is a negative psychological factor that
negatively affects individuals and their quality of life
and carries a lot of health risks [3]. Given loneliness,
it is not a fixed trait, but rather it is exacerbated or
mitigated through social interactions [4]. If left
unattended, it will severely affect cognition,
emotion, behavior, and health [5]. The importance of
this issue, especially at older ages, is exacerbated by
their inability to primarily access their supportive
resources and use social interactions appropriately as
in the past [6]- [8]. Loneliness occurs more
frequently in old age and is an increasing challenge
for older adults [9]. Community studies have

aged 65 and over range from 2% to 16%, while at
any time feeling up to Also in a 2020 report from the
National Study on Trends in Health and Aging,
before the coronavirus outbreak, researchers found
that 24% of adults living in the community aged 65
years or older in the United States (about 7.7 million
people) were socially isolated. 4% (1.3 million
people) suffer from severe social isolation [10].
Moreover, during the phase of the COVID-19
pandemic, quarantine measures, social distancing,
cancellation of community activities and other
welfare issues have led to increased levels of social
isolation and loneliness [11].

Loneliness is a painful personal feeling with
negative connotations accompanying the perception
that one's social needs are not being met by the
quantity or quality of social relationships. Thus,
loneliness is not related to social isolation and a
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limited number of means of communication, but also
represents the perception that these relationships are
not satisfying enough [1]. individuals may feel
lonely while sur-rounded by others, or they may be
excellent on their own, so the experience of
loneliness for all A person will be different [4]. That
is, it is a subjective state of the individual, it may be
actual or imagined, and it must be dealt with
psychologically because negative psychological
changes affect individuals [1]. The feeling of
loneliness in the elderly results from a state of mind
as a result of thinking about the fear of death,
forgetfulness, disability, or exposure to diseases that
prevent them from leading their lives in the usual

way [7], [8], [12].

Loneliness has a significant impact on
overall health, with poor social attachment found to
be associated with a 29% increased risk of coronary
heart disease and a 32% increased risk of stroke [7],
[13]. In the Netherlands, 30 to 45% of the adult
population feels lonely [12]. Compared to 50% in
Australia [14]. The risk of loneliness is equivalent to
smoking 15 cigarettes a day. Not only that, but it also
exceeds the health risks associated with obesity [15].
Loneliness has been linked to poor day-time
performance, decreased physical activity, subjective
personality, and poor mental performance in older
adults [5]. It is also linked to depression, which, over
time, may lead to health-related biological changes
[5]. Research also indicates its association with
increased rates of suicide, depression, functional
decline, and, subsequently, a higher mortality rate
[14]. One can conclude that loneliness is a critical
negative factor that seriously affects people's lives.
Therefore, there must be an wurgent need to
investigate its impact under discussion and find easy
solutions to develop appropriate ways to help
intelligently monitor and control its effects on
people. This is done through digital technology
interventions, especially the use of the Internet, to
reduce loneliness in the elderly, but bearing in mind
that it is not considered an addictive method that
leads to loneliness [16]-[18]. But the individuality of
the experience of loneliness and isolation makes it
difficult to provide standard interventions. There is
no one-size-fits-all approach. It is necessary to
communicate personally with the person and
communicate his feelings, and it should serve as a
pathway between the single individual and the
appropriate intervention through the formation of a
mechanism or application or perhaps a robot suitable
for this purpose.

The importance of the research lies in
achieving this goal. Therefore, a cognitive factor
model (computational model) for loneliness must be
designed using the psychological and mental factors
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of the loneliness with their relationships. Depending
on the fact that this type of model has been widely
used recently to control psychological phenomena
such as burnout [19] and the cognitive load of intense
reading [20]. and the stress reaction during stressful
events [21]. The idea is to develop such a model to
help reduce in depth through visual illustrations of
loneliness dynamics and how causal factors are
linked together. This understanding can be used as a
thinking engine for smart applications such as virtual
agents or a bot capable of performing human-like
thinking. Where lonely people can receive
appropriate support and competent assistance.
Hence, this research work aims to develop a
cognitive agent model of loneliness using differential
equations based on a directed lattice approach [22],
where the agent model analyzes the influence of a
group of factors and leads to creating a first step
towards eliminating loneliness suffering for
individuals by using it as an intervention tool.
Therefore, this study used a network modelling
technique based on a temporal causal network
approach. She focused on understanding the main
causes that may be the basis of loneliness. The above
reasons are sufficient to justify the reasoning for the
modelling approach and its implementation to
develop a cognitive factor model of loneliness.

The rest of the papers are organized as
follows: section 2 describes the psychological basics
of the concept of loneliness and reveals its
specialization and determinants with their
interactions. In Section 3, computational modeling
and cognitive agent model design for loneliness
based on a network-oriented modeling approach and
formalization based on agent-based modeling and its
mathematical representation are discussed. Section 4
describes model simulation experiments and then
evaluates them mathematically in Section 5, and then
concludes the paper in Section 6.

Underlying Concepts in Loneliness
Loneliness has many definitions, one of which
describes it as a painful feeling that accompanies
the realization that the social needs of the individual
are not being adequately met [5]. On the other hand,
loneliness is generally understood as the
discrepancy between a person's preferred level of
social communication and their actual level of
social communication. Whereas the latter is an
objective state of having minimal social contact
with other individuals, so being alone is not
necessarily indicative of loneliness, as many people
live alone and report frequent social contact and
have active social engagements.

Because the experience of loneliness is so
subjective, psychologists generally con-sider
loneliness to be a fixed trait. Everyone has different
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assignment points for the unit, and each individual
fluctuates around these points according to his life
circumstances. Individuals' levels of loneliness
usually remain relatively constant during
adulthood. Until the age of 75 to 80 years, this
condition increases and leads to long-term
loneliness which increases people's risk of physical
illness and shorter life span [23]. Loneliness has
been linked to increased brain deposits of beta-
amyloid, a biomarker of Alzheimer's disease in
older adults. Loneliness is also defined as a
perception of social and emotional isolation.
Because lonely individuals view the social world as
threatening and actual, they expect more negative
social interactions. This causes a person to have
more stress, pessimism, anxiety and low self-
esteem. [5]. In addition, loneliness has harmful
effects on mental and physical health and social
well-being. In addition to mental illness,
depression, cognitive impairment, dementia,
Alzheimer’s disease, and even premature death, it
also negatively affects physical performance, poor
sleep quality, lowers body immunity, and increases
the risk of many diseases [24]. It found that people
who are socially isolated and lonely often suffer
from the worst quality of life. As a result of the
many risks of loneliness, the problem of loneliness
may become similar to an epidemic unless
sufficient attention is paid to the prevention and
mitigation of its effects and risks.

Individuals' feelings of loneliness may be
either episodic (short-term loneliness) or chronic
(long-term  loneliness), depending on each
individual's circumstances and perceptions [7].
Some studies have found that chronic loneliness
(long-term loneliness) is closely related to the
incidence of many diseases and their impact on
health, as it was found to cause a 29% increase in
coronary heart disease and a 32% in-crease in the
risk of stroke [25].

To determine the mechanism of loneliness
and try to reach a specific solution to eliminate it, a
lot of previous literature reviews and theories are
used, which is based on the concept of loneliness,
which discussed how to find theoretical ways to
explain the feeling of loneliness through the presence
of several factors that affect loneliness in individuals
in terms of reducing or exacerbating it. As a result,
the unit was determined through several factors
related to and affecting it, as follows:

One of the theories studied how personality
is related to the risk of loneliness in women and men,
and they found that neurotic personality is
significantly associated with an increased risk of
loneliness [26]. The role of social skills in loneliness
has also been demonstrated. As low social skills
increase loneliness and thus increase the risk of

WSIJET Volume (1), Issue (1), 2025, pp.(1-10)

depression [27]. In another theory, loneliness has
been closely related to implicit hypervigilance
towards social threats as increased social threats
increase loneliness [28]. On the other hand, models
and research have found that positively affects
significantly predict a decrease in loneliness [29].
While other research has linked social isolation and
loneliness to negative effects on various physical and
mental conditions resulting from high blood
pressure, heart disease, even obesity and weak
immune system, in addition to the negative effects of
various life conditions [30]. While adaptive coping
strategies are considered a very important factor in
confronting and reducing loneliness, as they act as a
preventive factor used to reduce the harmful effects
of life stresses when they occur (such as loneliness)
[31]. In contrast, maladaptive coping strategies
prevent a person's ability to adapt to the conditions
they are exposed to, which may be difficult [32].

Perceived social isolation, it has a
significant and detrimental effect on health and
wellbeing. Increasing it increases loneliness.
However, one can live with others and still
experience perceived social isolation [33]. Whereas
the extent to which a person believes he has control
over the outcome of an event is called perceived
control [34]. Studies have shown that observed
control is significantly associated with life
satisfaction and well-being, and consequently,
loneliness level control [35]. On the other hand, the
perceived discrepancy explains why some people
remain alone for long periods without feeling lonely,
while others can feel lonely even when others are
around [36]. As for self-efficacy, it is considered a
very important factor, because it is defined as the
belief in the individual’s abilities to organize and
implement the work steps required to manage the
situations and circumstances that he may be exposed
to, for example, loneliness, as the individual’s
possession of high self-efficacy can reduce the
possibility of being exposed to loneliness [37].

As for cognitive ability, it is a very
important factor that can be defined as a gen-eral
mental ability that includes thinking, solving
problems and difficulties, where maintaining
satisfactory cognitive performance is an essential
part of maintaining mental health from aging
resulting from loneliness and reducing cognitive
ability from loneliness and its effects [38]. While
many studies have been conducted to investigate the
relationship between loneliness and quality of life,
because improving the quality of life for individuals
is one of the central and fundamental issues that the
World Health Organization constantly emphasizes
that improving the quality of life of individuals
would reduce negative conditions and loneliness [6]—
[8]. On the other hand, the existence of the desired
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social needs, which are considered basic human
needs, are important for each individual, and when
they are not met and provided to him, there are many
risks, including causing mental and physical health
problems. Accordingly, meeting social needs is very
important to maintain well-being and quality of life
[39]. While the Coping, which is described as the
ability to deal with difficult situations, is an
important factor in reducing loneliness. In addition
to the coping skills that are used to achieve this [40].
As for actual social contact, it refers to the different
ways in which individuals help other people. It plays
an important and positive role in the health and well-
being of individuals [41]. On the other hand, the term
"positive influence" refers to an individual's
tendency to experience positive emotions and
interact with others and life challenges in a positive
way and thus the ability to resist loneliness [42], [43].
Table 1 Nomenclatures of Related Concepts.

No. Concepts Formalization

1 Precipitating event Pe

2 Actual Social contact  As

3 Self-efficacy Se
4 Personality Pr
5 Cognitive ability Ca
6 Desired social need Dc
7 Perceived Pd discrepancy
8 Perceived isolation Pi
9 Social skills Ss
10 Perceived control Pc
11 Social threat St

12 Adaptive coping Ac strategies
13 Maladaptive coping Mec strategies
14 Coping skills Cs 15

15 Negative affects Na

16 Short-term loneliness St/

17 Long term loneliness Lt/

18 Precipitating event Pe

While Precipitating events create a
mismatch between a person's actual social
relationships and his or her social needs or desires,
changing one of these two factors without
corresponding change in the other can lead to
loneliness [44]. All these factors effect on the quality
of life, which explain how loneliness occurs and why
it is at different levels for individuals. Table 1
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provides an overview of the formalized concepts and
their meaning.

Computational agent model

Depending on the fact that loneliness is a state of
mind resulting from a psychological phenomenon.
Research in psychology aims to know and explain
the theoretical structure of behavior and thought. and
that most human psychological processes are so
complex that they can only be understood based on
the observation of behavior. Since the functioning of
the human brain is complex and has a significant
impact on behavioral flexibility, computer modeling
is the most convenient way to explain processes and
their interactions. Computational modeling is used
because of its ability to increase the level of detail of
a process and increase the volume of input and
output interactions.

Computational models are used as
experimental tools to investigate human behavior
and cognitive functions such as attention, learning,
decision making, etc. The results of the simulations
are used to demonstrate that the models explain the
cognlitive mechanisms of the desired domain. In
psychology, cognitive modeling is a useful method
for studying the human mind. Cognitive modeling
has been described as: “Cognitive modeling is a
method of studying the human mind. It is used to
explain the structure and processes of the human
mind. Cognitive modeling is therefore de-scribed as
“artificial psychology.” Cognitive modelers attempt
to understand how human memory works, how it is
organized to reflect reality, and how it is used to
regulate behavior. Cognitive modeling has extended
beyond cognition to various psychological processes
that include social and emotional factors.

”From these grounds, this study uses a computational
modeling approach to model the cognitive process of
loneliness.

Conceptual Model

The first step to development the cognitive agent
model is achieved by designing based on the
network-oriented modelling approach. As the
concepts of loneliness discussed in section 2. Fig.1.
shows different components of the model. These
com-ponents are grouped into two categories,
External factors (the precipitating event, actual
social contact, self-efficacy, personality, cognitive
ability) that have a relationship with other internal
factors and consequently access to loneliness
(shortterm loneliness, long-term loneliness) and
impact on quality of life. the figure shows two types
of nodes: the white nodes represent different model
states while dark nodes represent the accumulative
effects of the model’s conditions.
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Formalization

This stage involves formulating the lonelinessrelated
factors into  formal representations, and
characteristics to produce an executable model show
in Fig.1. relying on the agent-based modelling
method, formal models are increasingly used to
study social dynamics. Agent-based modelling has
become one of the most successful techniques due to
its flexibility in exploring human interaction that is
considered complex [45]. The agent-based
modelling method has been adopted in many
previous studies and literature, with effective results
[19], [21]. This method often deals with individual
behavior, so it is used with loneliness because

loneliness is individual behaviours that varies from

person to person [46]. In the formalization, all nods
are linked to have arrange of value between 0 (low)
and 1 (high). The new value of states results based
on the interaction between these factors through time
was selected. All identified factors are formalized
are presented in Table 1. It will include mathematical
specifications (Differential Equations) for creating
executable mathematical equations from factors (It
will be shown in the next section). The formal model
will be the result of this stage to represent the
relationship between the various factors of the
module in the interaction of an application on a
smartphone using messaging or a robot.

Formalization the internal factors

In this section, the cognitive factor model of
loneliness will be designed by under-standing the
relationships that were studied in section 3 and
representing them with differential equations, where
the graphic design will later turn into a numerical
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In this formal model, the impact of internal factors
on loneliness and quality of life change will be
calculated and then formalized on the graphs.

The effect of adaptive coping strategies
calculated based on the interaction between (St) and
(Pi) negatively affect it and that the (Pc) has a
positive effect, as for the perceived isolation, it is
based on the interaction between (Ss, As, Ca, Cs)
with (Pd). Maladaptive coping strategies derive their
effectiveness from the effect of (Pi, St) with the
opposite effect of (Pc). (Ss) is a positively influential
factor on the level of perceived control. In contrast,
both (Pd, Pi) are considered inappropriate negative
factors.

AC(E) = (1 — (@acSt(t) + (1 — ac).Pi(t))).
(Pc(®)) (1)

Pi(t) = (1 — (¢ri. cat) + @riAs(t) + @ri. Cs(t —
1) + @r.Ss(t))).Pd(t) ©)

Mc(t) = (1 — Pc(t)). (BMc. Pi(t) + (1 — BMc).
St(t)) 3)
Pc(t) = (1 — (¢_Pc. Pi(t) + (1 — @_Pc). Pd(t))).
(Ss(t)) (4)

(Pd, Pi) increasing them increases the feeling of
social threat, while (Ss) it is considered to have the
opposite effect. As for (Ca, Pr, Se) all of them are
directly related to social skill and work to increase it.
In the positive affect (Mc, Pe) they have the opposite
effect on it, and the opposite effect of (AC).

(Ac) forms an inverse relationship with the negative
affect, while (Mc, Pe) are suitable for the occurrence
of the negative affect. A decrease in (Cs and Pa)
leads to an increase in loneliness in the short term
and vice versa for (Na)

St(t) = (w_St. Pd(t) + (1 — w_St). Pi(t)). (1 —
(Ss(®))

Ss(t) = (y_Ssl.Ca(t) + y_Ss2. Pr(t) + y_Ss3.
Se(t)) 6)
Pa(t) = (1 — (B_Pa. Mc(t) + (1 — B_Pa). Pe(t))).

)

(Ac(t)) )
Na(t) = (1 — Ac(t)). (a_Na. Mc(t) + (1 — a_Na).
Pe(t)) ®)
Sti(t) = (1 — (uStlCs(t — 1) + (1 — p_Stl).

Pa(t)). (Na(t)) €))

Having factors (As, Pr) with (Pe, Ds) together we
get in proportion to the perceived discrepancy.
We note in desired social need that (As,Pr) have
an inverse relationship with (Ds) due to other
factors (pe, Ltl) that have less influence on (Ds),
that is, they have a direct relationship. In coping
skills, results from (Ss, AC) ). The effect that
increases the incidence of coping skills, unlike
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(Mc) in terms of the effect is less. Stl is used to

control the rate of change of loneliness in the long

term.

Pd(t) = (1 — (r_Pd1.As(t) + (1 — t_Pd1).

Pr(t))). (z_Pd2. Pe(t) + (1 —7_Pd2).Ds(t))
(10)

Ds(t) = (1 — (z_Ds1. As(t) + (1 — t_Ds1).
Pr(t))). (r_Ds2. Pe(t) + (1 —t_Ds2). Lti(t — 1))
(11)

Cs(t+ot)=Cs(t—1)+ (((6_Cs.Ss(t) + (1 —
0_Cs). Ac(t)). (1 — Mc(t))) —Cs(t — 1)).Cs(t —
1).(1—-Cs(t—1).6t (12)

Lel(t + 8t) = Ltl(t — 1) + p_LtL (Stl(t) — Ltl(t —
1). (1 = Lti(t — 1)). (Ltl(t —1)). 8t (13)

Simulation Results

Based on the identified factors that have been
formalized in the previous step In this section, will
be used in an executable environment (MATLAB) to
be simulated. Then some results of simulation of
loneliness are discussed (Fig.2., Fig.3., Fig.4.), for
the settings of the base and multiple factors that
generate more variables for loneliness behaviors.
These factors are in and of themselves deterministic
meaning that every time a simulation is run with
specific settings, the result will be the same. It should
be noted that exogenous factors customer
perceptions of loneliness are consistent in
simulations. However, the rest of the concepts for
each factor and group concepts are dynamic. For
each time step, the time values are updated with
current visualizations for that relevant point in time.
Indirectly, the past is presented at each point in time,
since the updating mechanism occurs dynamically.
For example, the value of social threat or perceived
control of the previous time step is partially
considered at the next point in time. This process is
repeated at each time step (scenario duration 500
time points), making the prior perception of the
factor indirectly present in the current perception. In
addition, these simulations used the following
parameter settings: maxLimY = 1.2, minLimX = 0,
Delta(t) = 0.3, numStep=500. and parameters for
weightage the equation (B ,a,¢_(Ac ,Pc) ,®

i stl)=0.5 , (v ,T Pd2,;t Ds1)=0.3 ,
(t_Pdl,t Ds2)=0.7, (uLtl, o @Pi)=0.9,0.8,0.25

The following initial settings have been selected for
three real individuals/agents. They represent three
different basic levels, namely: little lonely (Agent
#1), intense loneliness (Agent #2) and (Agent #3)
almost average.

Levels
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Table 2 Base or External Factor

Concept \ Agent 1 2 3

Precipitating event 0.1 1 0.9

Actual social contact 0.6 0.1 0.1

Self-efficacy 08 02 04
Personality 08 0.1 07
Cognitive ability 09 04 02

= Long-term Loneliness == Coping Skills == desired social needs

03 rF Y

08 /-*

0.7

0.6

05

0.4

03

0.2

0.1
0

A 4

Yvy

0] 100 200 300 400
Time Steps

n
3

Figure 2 almost average

— Long-term Loneliness — Coping Skills — desired social needs

0.9 'y
08
L
0.6
= 0.5
204
03 | >
0.2
01
4] »
0 100 200 300 400 500
Time Steps
Figure 3 intense loneliness
= Long-term loneliness = Coping Skills = Desired Social need
09 ¢
08 —
07 4
06
205
304
03
02
0.1
0 2
0 100 200 300 400 500
Time Steps
Figure 4 little lonely
Evaluation

[lustrates the internal validity process of the
cognitive agent model of loneliness. the model can
be verified to ensure its results are indeed adhering
to psychological and cognitive literature. To attain
this, a temporal trace language (TTL) has been
developed to check whether the model behaves as it
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should be or not by running several simulations and
verifying them against the patterns available in the
literature and previous empirical studies [47]. The
importance of TTL resides in its supports for the
specification of both qualitative and quantitative
aspects and subsumes specification languages based
on differential equations. It allows explicit reference
to time points and time durations, which enables the
modelling of the dynamics of continuous real-time
phenomena. This dedicated language is built on
atoms state (v, t) |= p, meaning that state property P
holds in trace y (simulation points of states over
time). Using this concept, many simulation traces
including the one shown in section 4 are used to be
verified against the identified patterns from the
literature, and the results were confirmed.

Pl: long term loneliness is high when
maladaptive coping is high.

For all time points t1 and t2 in trace vy,

If at time point t1 the level of Ltl is s1,

and  at time point t2 the level of Ltl is s2,

and  at time point tl the level of Ma is b1,
and  at time point t2 the level of Ma is b2,
and  s2>=sl, and t1<=t2, then b2>=b1

Vy: TRACE, Vtl, t2: TIME, Vsl, s2, bl, b2:
REAL state (v, t1) =
has_value
(short_term loneliness, s1) &
state (v, t2) =
has_value (short_term loneliness, s2) &
state (y, t1) |= has_value (long_term_loneliness,
bl) &
state (y, t2) |= has_value (long_term loneliness,
b2) & s2 >
sl &b2>bl & t2>t1=b2>b

Conclusion

Loneliness is a serious concepts to be controlled or
monitor via various possible technologies. A
network-oriented approach was used to design a
cognitive agent model to serve as an analytical tool
for a companion robot that tackle the negative
ramifications of loneliness. The designed model was
mathematically constructed using differential
equations. The mathematical model was also
simulated, and the simulation patterns shown a
realistic behaviors that represents the real behaviour
of dynamics of loneliness. The future work of this
work is to tune the designed model to serve as an
engine for the designing of a companion robot.
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