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1. Introduction

Human mind, intelligence, behaviour and ‘mysteries’ about what knowledge actually is and
what role it plays in human life have been studied and discussed for thousands of years. In
this discussion, scientists from many different fields have been involved, including
philosophy, physiology, neuroscience, psychology, sociology, computer science etc. This
reinforces the idea that human mind can be studied from a large number of different
perspectives.

However, it is still not clear how does human brain encode and represent external and
internal stimuli (including feelings, desires, memories, and five senses), and how human
cognition, conation and affect works together and governs human behaviour.

Direct brain studies, such as, brain scanning or electrical stimulation of the brain, can give
answers about the structure of the brain, but tell very little about the function of the brain [1].
More answers about the functioning of the brain can be found in mind studies especially in
cognitive science. Mind is defined as “The human consciousness that originates in the brain
and is manifested especially in thought, perception, emotion, will, memory, and imagination”
[2]. However, cognitive scientists tend to focus on the behaviour of single individuals
thinking and perceiving on their own. [3]

Computer Science and Artificial intelligence also tries to understand how human mind
works and tries to copy these understandings in artificial life by developing computational
models of mind. An agent-based modelling and simulation has become a popular method in
trying to understand how an agent perceives and reacts on its environment and how agents
interact with each other.
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There is a growing realization across the social sciences that one of the best ways to build
useful theories of group phenomena is to create working computational models of social units
and their interactions, and to observe the global structures that these interactions produce. [3]

Why is it necessary to develop mind models? One reason is that mind models are
developed to understand how different individuals work together forming consistent social
organizations, which tend to achieve common goals. To understand how the network of
networks is forming and existing.

The aim of this paper is to identify main challenges in modelling such a network of
networks. It is important to identify these challenges before starting to develop artificial
human-like agent’s mind and relationships between different agents forming social network
of networks.

In this paper, we identify four main challenges that developer needs take into account
when developing human-like agents.

Identified challenges will serve as guidelines in our further research on modelling and
simulating artificial human-like agents.

2. Humans are emotional beings

The first challenge that we will describe in this paper in more details than three other
challenges is that humans are emotional.

Why is this aspect challenging for a human-like agent modeller? First, because there are lot
of uncertainties regarding emotion and its role in human cognitive and behavioural processes.
Second, because emotion is regarded as something opposite of logic and therefore difficult to
formalize.

The traditional model of human mind is that there are three basic human mental processes:
cognition, emotion, and conation. The original source of this structure comes from Plato who
was arguing for a tripartite structure of the human soul. [4 p.563] Plato created these three
concepts and put them in partial opposition to each other. While this doctrine has had many
critics, still it profoundly affected modern psychology where cognition is often seen as an
antagonist to emotion. [4 p.563]

However, a recent tendency in psychology as well as in computer science is to study the
interaction between cognition, emotion and will [4, 5, 6, 7].

Joseph LeDoux, a Professor of Neuroscience and Psychology at New York University,
says:

“Cognitive scientists previously banned emotion from their field, but are beginning to
realize that they don't really have a science of mind as such, but instead a science of a part of
the mind. They now want to bring emotion and cognition back together, and that's a good
thing. Lots of AI modelling of emotion, and some connectionist modelling, is also going on. [..]
We have to put emotion back into the brain and integrate it with cognitive systems. We
shouldn't study emotion or cognition in isolation, but should study both as aspects of the mind
in its brain.” [7]

Most of the researchers trying to create intelligent computers have focused on problem
solving, reasoning, learning, perception, language, and other cognitive tasks considered
essential to intelligence. Most of them have not been aware that emotion influences these
functions in humans. However, now there is a majority of evidence that emotion plays a vital
role in functions considered essential to intelligence. [8].

This new understanding about the role of emotion in humans indicates a need to rethink the
role of emotion in computing [8]. Recently research has started on affective computing,
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emotional agents and other aspects of emotion in the field of computer science. About a
decade ago (in 1997) R. Picard wrote a book on Affective Computing that triggered an
explosion of interest in the emotional side of computers and their users. Her motivation was to
gain a new understanding about the importance of computers with affective abilities. She
claimed that for a computer intelligence computer emotion is needed.

Researchers with an interest to human mind models [6, 9] assert that one aspect of human
mind (e.g., cognition, emotion) should not be studied in isolation with other aspects. It is
important to study an ‘integrated’ mind putting all aspects (or at least several aspects) together
in one integrated, coherent model.

One of the most important impulses in the computer modelling of emotions comes from
the Japanese psychologist Masanao Toda. He stresses the importance of studying whole
systems, including perception, action, memory, and learning. In 1962, he proposed a scenario
of "fungus eater" - an autonomous humanoid robot. His aim was to illustrate how emotions
would emerge in a system with limited resources operating in a complex and unpredictable
environment. [10]

One of the most important subjects in integrated human mind studies is to define the
relationship between cognition and emotion. What are the cognitive factors eliciting different
emotion, what is (if any) the effect of affective states on cognitive processes, what is the
perception and cognition of affect [4 p.563-571]

Appraisal theories suggest that people evaluate events in terms of the perceived relevance
for their current needs and goals, including considerations of their ability to cope with
consequences and the compatibility of the underlying actions with social norms and self-
ideals. Based on this evaluation a corresponding emotion is elicited. [4 p.564]

Affective science literature [4 p.567] suggests that there is not just unidirectional
connection between cognition and emotion, where cognitive appraisal processes produce
emotion, emotion affects cognition, but there is rather recursive chaining interaction between
cognition and emotion. That means that cognition and emotion continuously influence each
other. Cognition triggers affect and affect, in turn, has a powerful influence on cognitive
processes. [4 p.566]

Affective states have a powerful influence on the way people perceive, interpret, and
represent social information and the way they formulate attitudes and judgments. Mild
everyday affective states can have a highly significant influence on the way people perceive
and interpret social situations and the attitudes they form. Affective reactions to social events
also play a critical role in how attitudes and social information are cognitively represented and
categorized. [4 p.596-618]

The last several years have witnessed a bust of interest in the role of emotions in decision-
making. Researchers have shown that even the affect that is unrelated to the decision at hand
can have a significant impact on judgement and choice, but emotional deficits can degrade the
quality of decision-making. Traditional decision-making theory paid little attention to
emotion. Decision-making was viewed as a cognitive process where decision makers
dispassionately choose actions that maximized the “utility” of potential consequences of their
decisions. [4 p.619-642]

It is regarded that there are two basic kinds of affective influence on decision-making:
expected emotions and immediate emotions. Expected emotions consist of predictions about
the emotional consequences of decision outcomes. They influence a person to select actions
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that maximize positive emotions and minimize negative emotions. Immediate emotions are
experienced at the time of decision-making. [4 p.619-642]

Theories of decision-making, if they incorporate emotions at all, typically assume that
expected emotions are the only emotions that matter. People are assumed to choose options
that they expect will maximize positive emotions. However, not only expected emotions
influence decision-making process. Also immediate emotions influence decisions by altering
the decision maker’s perceptions of probabilities or outcomes or by altering the quality and
quantity of processing decision-relevant signs. [4 p.619-642]

The interrelationship between decision-making, immediate, and expected emotions is
illustrated in the Figure 1.
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Figure 1. The interrelationship between decision-making, immediate, and expected emotions
(Adapted from [4 p. 621])

The reasons why people are not purely rational in their decision-making process are at least
twofold: they lack information to make strictly calculated (rational) decisions, or they simply
don’t do calculations, but relay on so called ‘gut’ feeling. Very often in our daily life and in
our daily or business processes, we simply don’t have enough information or knowledge to
calculate the welfare values of all possible alternatives and utility values of possible choices.
[11, 12, 13] addresses this problem in SE field in the context of method selection and
Knowledge Management. Hammond, Keeney and Raiffa (1998) identify six fundamental
flaws in the way managers think in business situations and indicate that very often crucial
decisions are not based on rationality, but rather personal feelings. They suggest that these
flaws are "well documented psychological traps that are particularly likely to undermine
business decisions." [14].

The aspect of human being emotional is very important challenge a modeller will meet
when developing human-like agents. The most challenging task will be to formalize aspects
of emotion and its relation to agent’s cognition and behaviour.

Among computer scientists, one of the most popular emotion appraisal models is OCC
model. Many researchers in computer science have used OCC model to generate emotions in
their embodied characters. For example, Clark Elliot used OCC model to build Affective
Reasoner system. Tomoko Koda synthesized emotions using OCC model for developing
poker-playing agents with facial expressions. Joseph Bates and Scott Neal Reilly working on
“Oz project” used OCC model to implement emotion system in believable agents. [8, 9, 10]

OCC model was first introduced in 1988 by Andrew Ortony, Gerald L. Clore and Allan
Collins in their book “The Cognitive Structure of Emotions”. The name OCC came from the
first letters of these three authors names. In OCC model emotions are grouped according to
cognitive eliciting conditions. It is assumed that emotions arise from positive or negative
reactions to situations. OCC model outlines specifications for 22 emotion types. [15]
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3. Humans are personalities

Another challenge that is necessary to take in to account when modelling and simulating
human behaviour is that each human has different personality that influences particular
person’s behaviour.

In simple systems (or agents) without memory, the output of the system at any point of
time depends only on the value of the input at this time. In systems with memory or state
variables, a given input may induce different outputs depending on the value of the state
variable. [16, 17]

Humans are complex ‘systems’ with a huge set of inner state variables, such as, current
mood (emotion) and desires (will). Therefore, when modelling and simulating human-like
agents, one needs to model and develop each agent’s personality. Agent’s personality will
influence agent’s output (behaviour) on the given input. Therefore, the same input at different
points of time may lead to different behaviours depending on the agent’s personal state in the
given time. Accordingly, different agents may react differently to the same input depending in
their personal characteristics or their different personalities.

Development of the artificial human-like agent personality must be heavily based on the
research in psychology. One of the personality models in psychology research is five-factor or
OCEAN model [16, 17]. In this model, thirty personality facets are clustered in five groups or
factors. The value of each factor is determined by the values of its six facets. The five factors
are Openness, Conscientiousness, Extraversion, Agreeableness, and Negative emotionality
[16, 17].

Oren et al. suggests using fuzzy logic for implementing OCEAN personality model in
human-like artificial agents. [16, 17]

4. Humans are dynamic personalities

Another challenging aspect when considering to model human-like agents is that humans are
not static systems with static personalities. Humans learn, adapt, develop and change over
time. Therefore, it is not enough just to implement a static personality feature for an agent and
simulate agent behaviour with this static personality. In such an agent a very important human
characteristic would be lacking - the dynamics of personality.

Oren at al. states that when at least one of the thirty personality facets (from and OCEAN
model) changes its value, the personality is affected and the whole model should be updated
and personality should be re-evaluated. [16, 17]

5. Humans are social beings

The last challenge identified in this paper is that humans are social beings. It means that
humans are influenced by other humans, as well, that humans are influencing other humans.
Dynamic relationships are formed among different individuals and these relationships initiate
changes in individual’s inner states and personality facets.

There exists kind of ‘invisible hand’, which directs the actions of individual self-interested
agents to serve a social function. [18]
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Cognitive scientists tend to focus on the behaviour of single individuals thinking and
perceiving on their own. However, people create group level behaviours that are beyond the
ken of any single person. Individuals participate in collective organizations that they might
not understand or even perceive, and these organizations affect and are affected by individual
behaviour. [3] Therefore, when developing artificial human-like agents it is important to take
into account that healthy human can’t be isolated from society.

Ron Sun, Professor at Cognitive Science Department at Rensselaer Polytechnic Institute in
New York, points that although a significant amount of work has been done in cognitive
science for studying individual cognition, the sociocultural processes and their relation to
cognition have never been a focus of cognitive science. [18]

Sun’s belief that the interaction of these two fields (cognitive modelling and multi-agent
systems) may be more significant than either alone is brought as one of the main ideas in this
thesis.

Cognitive models may provide better grounding for understanding multi-agent interaction,
by incorporating realistic constraints, capabilities, and tendencies of individual agents in their
interaction with their environments (both physical and social). [18, 3]

If each individual is to be modelled as a conceptual network with interrelationships
between different components of the mind, then a social group is to be modelled as a network
of networks with interrelationships between different individuals (see, Figure 2 for
illustration).
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Flgure 2. Abstraction of the network of human like agent networks

A challenging task for human-like agent modeller is to define how these two levels of
networks — individual and interpersonal — interact and affect each other. Communicating is
not simply transmitting individual concepts. It is something more — it is aligning the
conceptual systems of agents. One implication of this alignment process is that as concepts
migrate across individuals, they will be systematically altered to fit their owner’s conceptual
network. [3]

6. Conclusion
Human mind is very complex system. Therefore, modelling and simulation of human-like

agents, which incorporate at least basic features, and characteristics of the human mind, is a
very challenging task.
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In this paper, we have identified four challenges in modelling artificial human lie agents.
The first challenge is that humans are emotional and not purely rational. Therefore,
modeller’s attention should be paid not only to logical cognitive processes of human mind,
but also to seemingly irrational emotional processes. The second challenge is that human has
a complex inner state consisting of many variables that form individual’s personality.
Personality facets influence how individual perceives the world and behaves. If any of
personality forming variables changes, the whole individual’s personality model should be
updated. The third challenge is that individual’s personality change over time — it is dynamic.
As individual learns and adapts, its personality changes and develops. The fourth challenge is
that individual human does not exist in isolation, but in society. Society has a great influence
on individual, its beliefs, values, understandings, etc. As well as society is influenced by an
individual who exists in the particular society. It means that modeller need to model not just
the network of individual’s mind functions and processes, but rather a network of networks
which shows how individuals are forming relationships with other individuals, how they
interact and behave in a group.

Deeper research on each of identified challenges and solutions is needed to develop
comprehensive human-like agents’ model. This model will be further implemented in a
computer simulation where it will be tested.

Some of the benefits of building models for computer simulation are:

1) it helps to think systematically about the modelled phenomena and search for
relevant data with which to test, explicate or elaborate created assumptions about
the phenomena;

2) it makes the developer to set out the assumptions in a formal language, that can
also often be represented in terms of graph diagrams and other figures setting out
the subsystems and relationships involved;

3) enables developer to present results in detailed graphical form, graphs, charts etc.,
allowing a comparison of results for different times or conditions.

Therefore, the most important challenge for the further research will be to deal with the
four identified challenges in a systematic and formal way to incorporate the solutions in a
formal model that can be simulated with a computer program. The main aim is to study how
different processes in a human mind affect each other, how individuals affect each other and
how human societies emerge, and to define these interrelationships in a formal language.
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ApSvalka D. Maksligu cilvekiem lidzigu agentu modeléSanas izaicinajumi

Cilvéka prats ir sarezgita sistéma. Tade] izstradajot cilvéka prata modelus un implementéjot tos
datorsimulacijas, nakas sastapties ar vairakiem nopietniem izaicindjumiem. Sai raksta tiek identificéti cetri
galvenie izaicin@jumi. Pirmais izaicindajums ir, ka cilveki ir emocionalas biitnes. Tade] modelétajam ir janem
vera un jaiestrada sava modell ne tikai logiskie spriesanas procesi, kas noris cilveka prata, bet art Skietami
neraciondlie emociondlie procesi. Otrs izaicindjums ir, ka cilvekiem ir sareZgiti iekSéjie stavokli, kas sastav no
dazadiem mainigajiem un kopa veido individa personibu. Individa personiba ietekme, ka individs uztver pasauli
un darbojas. Un pasaulé neeksiste divi individi ar pilnigi viendadam personibam. Tade| art maksligaja cilvekiem
lidzigu agentu pasaulé nebiis agenti ar pilnigi vienddam personibas vértibam. Tresais izaicinajums ir, ka
individa personiba mainds laika gaitd — ta ir dinamiska. Lidz ar individa pieredzi un adaptésanos, ari vina
personiba mainas un attistas. Ceturtais izaicinajums, ar ko nakas sastapties modelétajam ir, ka cilveki neeksisté
izoléti viens no otra, bet gan sabiedriba. Sabiedribai ir liela ietekme uz individu, vipa parliecibai, vértibam,
izpratnei un tml. Un no otras puses, individs ietekmé konkreto sabiedribu, kura vins eksiste. Tas nozime, ka
modelétajam ir jamodelé ne tikai viena individa prata funkciju un procesu savstarpéjo saisu tikls, bet drizak tiklu
tikls, kas formala veida attelo, ka individi ir saistiti sabiedribas grupas ietvaros un ka tiek ietekmé viens otru un
veido funkcionéjosu sabiedribu.

Apshvalka D. Challenges in Modelling Artificial Human-Like Agents

Human mind is very complex system. Therefore, modelling and simulation of human-like agents, which
incorporate at least basic features, and characteristics of the human mind, is a very challenging task. In this
paper, we have identified four challenges in modelling artificial human lie agents. The first challenge is that
humans are emotional and not purely rational. Therefore, modeller’s attention should be paid not only to logical
cognitive processes of human mind, but also to seemingly irrational emotional processes. The second challenge
is that human has a complex inner state consisting of many variables that form individual’s personality.
Personality facets influence how individual perceives the world and behaves. If any of personality forming
variables changes, the whole individual’s personality model should be updated. The third challenge is that
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individual’s personality change over time — it is dynamic. As individual learns and adapts, its personality
changes and develops. The fourth challenge is that individual human does not exist in isolation, but in society.
Society has a great influence on individual, its beliefs, values, understandings, etc. As well as society is
influenced by an individual who exists in the particular society. It means that modeller need to model not just the
network of individual’s mind functions and processes, but rather a network of networks which shows how
individuals are forming relationships with other individuals, how they interact and behave in a group

Anweanka /]. Bonpocel modenuposanus ucKyccmeeHHbIX 4e108eKON0000HbIX A2eHM 08

Pazym uenogexa - smo ouenmv cnoocnas cucmema. Ilosmomy paspabameieas modenu pasyma uenosexa u
BbINOJIHAS UX KOMNLIOMEPHYIO UMUMAYUIO, NPUXOOUMCS CINATKUBAMBCA CO MHOSUMU CEPbE3HBIMU NPOOIEMAMU.
B omoii cmamve udenmuuyuposanvr yemvipe enasuvie npobnemvi. Ilepsas npobiema ceésazana ¢ mem, 4mo
00U ABNIAIOMCS IMOYUOHATLHBIMU cywecmeamu. [loamomy 6 npoyecce MoOenUposanust He0OX0OUMO 835Mb 60
BHUMAHUE U BCIPOUMb 8 MOOETb He MOAbKO NPOYECChl TIOSUHECKUX PACCYHCOCHUL, KOMOpble NPOUCX00AM 8 YMe
uel08eKd, HO MaKdxHce U KAdNCYWuecs HepayuoHAIbHbIMU IMOYUOHANbHble npoyeccsl. Bmopyo npobremy
onpeoenAom ClONHCHbIe BHYMPEHHUe COCTNOSAHUS Yell08eKd, KOMopble COCMOAM U3 PA3IUYHbIX NepeMeHHbIX U 6Ce
emecme popmupylom auuHoCmb yenogexd. Jluunocms uenosexa eiusem HA Mo, KAK OH OCHPUHUMAEM MUp u
6e0ém cebsi 8 Hém. B mupe ne cywecmeyem 08yx ar0deti ¢ NOJHOCHbIO UOEHMUYHBIMU AuyHOCmAMU. Taxkum
obpaszom, makce 8 UCKYCCMBEHHOM Mupe Yel08eKONOOOOHbIX a2eHMO8 He Moxcem Oblb aA2eHmos ¢
NOTHOCBIO UOSHMUYHbIMU AuYHOCMAMY. Tpembell npobremotl A6iaemcs mom axm, Ymo JUYHOCHb Yelo8eKd
MEHSemcst ¢ X000M 8peMeHU, Mo ecmv, Aeisemcs OuHamuynol. I1ockonbKy uenosexk npuobpemaem onvim u
NPUCHOCAOIUBAEMCS, MEHACMCA U PA36USAEMCsL e20 TuuHOoCmb, Yemeépmas npobnema, ¢ KOMopou RPUXOOUMCcs
CMANKUBAMbCS, MOOEAUPYsi 4eN08eKONOOODHbIX A2EHMO8, C6A3aHA C MeM, YUMo 00U He CYWEeCmEyiom 6
uzonayuu, a arcueym 6 obwecmae. Obwecmeo okasvigaem 00abUIOE GIUAHUE HA YEN08eKd, €20 YOenHcOeHus,
yennocmu, nonumanue u m.n. C Opyeou cmopoHbl, Yernoeex 1usen Ha KOHKpemHoe obujecmeo, 8 Komopom oH
cywecmgyem. Dmo 3HAYUM, Ymo HeobXOOUMO MOOeIUpO6ams He MOIbKO QYHKYUU U cemb 83AUMOCBAZAHHBIX
npoyecco8 pasyma OmoenbHO20 YenogeKkd, d CKopee Cemb cemell, Komopas @opMaibHbiM 00pazom
omobpadicaem, Kax C653aHbl UHOUBUOYYMbL 8 PAMKAX 0OUJeCMBEHHOU SPYNNbL U KAK OHU 6IUSIOM Opye HA Opyea
u cozoaiom yHKyuoHupyrowee oouecmaso.
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