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presented, that explains relation to our study and computer science. In chapter 2, a brief
literature review on the entire topic is covered. Chapter 3 contains the description of the
proposed model with all assumed aspects of human behaviour. Chapter 4 presents a study
and partial application of the proposed model in an artificially created leader election
environment among groups. The chapter discuss all the results and observations taken
during the entire dynamics of the leader selection system. Further, an explanation for the
need of this experiment before applying the model to the migration study, is presented. A
brief explanation of the test area and the purpose for selection of this test area is given in
chapter 5. Chapter 6 presents experiment setup with implementation details. Results and
discussion on migration process are presented in chapter 7 followed by the concluding

remarks on the entire research with brief explanation of limitation of the model.



CHAPTER 2. LITERATURE REVIEW

This chapter presents the works that were referred to build an elementary architecture for
our research in the field of affordance, social dynamics, human behaviour and path
finding algorithms, as this research deals with all this terms. The study defines a definite

role of each term in shaping the present architecture of the proposed model.

2.1. David and Sabine’s Introduction to Affordance
David, Jonietz, Wolfgang Schuster, and Sabine Timpf, (2013), in their research
extend the concept of affordance proposed by (Gibson, 1977). They propose a framework
that supports the idea of artificial agent having “spatial suitability” in an environment. In
the model, human actions are the central element that acts as a utilization function on
sensory observations. According to affordance, human perception in any environment is a

combination of various behavioural properties of the perceiving organism.

Human’s utilization of sensory observation and perception at any instance can be
explained as, how a human derives a purposeful meaning out of his observations. (In this
research, visual information is considered as only sensory observation). (Gibson, 1977)
developed this idea of affordance in his words.

“The affordance of the environment is what it offers the animal, what it provides or
furnishes, whether for good or ill” (Gibson, 1977).

From many years this concept of affordance served as the theoretical basis for
research in the development of cognitive simulation models. Warren, (1984) applied this

concept on the practical problem while investigating the abilities of an agent in climbing.



David, Jonietz, Wolfgang Schuster, and Sabine Timpf, (2013) are convinced that,
this research is able to explain the interconnection between the environment and agent
properties. Using a case study of pedestrian route choice as an example, it confirms the
presence of a complex dependency relationship between an agent and his environment.
David et al. desired a need of adding an attributed relation to pedestrian movement by
calculating an agent’s stamina during walk.

According to Vukmirovic, (2010) even in a general walk, it makes a difference for
choice of suitability for different age groups, as adult pedestrian agents are characterized
by often experiencing reduction regarding their physical abilities. While an
unexperienced walker is more prone to security threats, it could be possible that their

choice of path selection is different from the experienced ones.

2.2. Human Behaviour simulation using affordance-based model

Kim, N., Joo, J., Rothrock, L., Wysk, R., & Son, Y. J. (2011) proposed a new agent
based simulation modeling of human behaviour using affordance concept. They propose
a novel way to capture the natural manners in a system and enhance the simulation
quality by incorporating cognitive intent into human behaviour simulation.

Decision making has been studied in various domains such as cognitive science,
psychology, and decision science. Their definition of affordance in environment is that
“While a certain human action, whatever is offered by the environment, if ease towards
his goal then such a help can be called as affordance”.

Kim, N., Joo, J., Rothrock, L., Wysk, R., & Son, Y. J. (2011) uses a state transition

function with finite automata on human life events to calculate human perception. A



fundamental approach to calculate affordance before calculating human behaviour is
proposed.

According to Kim, N., Joo, J., Rothrock, L., Wysk, R., & Son, Y. J. (2011), in a
system theoretic perspective a human can be considered as a re-predictable entity, and
that theory gives researchers enough space to include perception-based behaviour of
human in events like social dynamics.

The simulation developed by (Kim, et. al. 2011) contains a human agent
representing each human in a system. An environmental agent considers almost all
environmental elements of the system which may affect human decision. As the test case
for their study they studied the evacuation problem during fire outbreaks. There
definition on these term as — “The perspective control is concerned with the future events,
usually interpretable as goals”. (Turvey, 1992)

Kim, N., Joo, J., Rothrock, L., Wysk, R., & Son, Y. J., (2011) claim their model is a
perception-based model. This itself creates a sense how a human and his perception can
be integrated in a model. The algorithm generates all possible evacuation plans for a
human agent trapped in a warehouse fire. Each agent, on the basis of his own observation
and capabilities, chooses his own path, and rescues himself. The algorithm is able to
execute all “perception based decision making plans” (Kim, N., Joo, J., Rothrock, L.,
Wysk, R., & Son, Y. J., 2011) claimed by psychologists.

Kim, N., Joo, J., Rothrock, L., Wysk, R., & Son, Y. J., (2011) mentioned some
other human attributes like social psychology, emotions, culture and knowledge for their
future research and also speak about an urgent need to define some sets of validation on

the simulation for suitable tasks as for example migration etc.



2.3. Natural Movement as an agent-based system

When Turner, Alasdair, and Alan Penn, (2002) started working on the theory of
affordance, very few researchers had ever considered relation between human perception
and environmental variables as serious. Hence (Turner, Alasdair, and Alan Penn, 2002)
are among the firs, who exploited this theory to an extent that, now almost every multi-
agent system involves a separate structure for agent versatility and capability in the
simulation. What makes it crucial is from very long time and from the birth of artificial
intelligence; the challenge for researchers is to come up with an algorithm that enable
cognitive behaviour in agents.

Large scale simulation has been investigated from some time on agent based
pedestrian models. Hoogendoorn S P, Bovy P H L, Daamen W, (2002) categorize such
pedestrian models into three types.

First the macro simulation level involves differential flow equations. It gives a
researcher proper independence to construct a flow model of events which occurred
during HAZZ on pedestrian situations (AlGadhi, Saad AH, and H. Mahmassani, 1991).

Second the meso-scopic level is more suitable for traffic modelling and for urban
level simulation. “Meso-scopic level simulation model combines a set of origin and
destination points with route —choice behaviour to simulate journeys within the system”.

The third one micro-simulation is about applying multi-agent simulation on life like
emergent phenomenon using predetermined directional paths. One of the best examples
of such movement is fire evacuation models. Turner, Alasdair, and Alan Penn, (2002)

present a study of agent movement which is built on a hypothesis that:



“When engaging in natural movement, a human will simply guide him or herself by
moving towards further available walkable surface. The existence of walkable surface
will be determined via the most easily accessed sense, typically his or her visual field”.

Turner, Alasdair, and Alan Penn, (2002) were the first to present a systematic study
on the affordance model in human movement (Figure 1). A thorough study on this model,
which was used by both Kim, Joo, Rothrock, Wysk, & Son, (2011) and Jonietz, David,
Wolfgang Schuster, and Sabine Timpf, (2013) This model discusses EVA (exosomatic
visual architecture) agent- decision process. This model is self- explanatory but the

transition of actions in those steps is important for the research.

Figure 1 Affordance Model (Turner, Alasdair, and Alan Penn, 2002)
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2.4. Murray’s Work behaviour model

According to Barrick, Michael, and Ning, (2013)

“The theory of purposeful work behaviour derived from behaviour integrates
higher order implicit goals with principles derived from the five factor Model of
personality and the expanded job characteristics model to explain how hails and jobs
characteristics jointly and interactively influence work outcomes”.

They further explain that, it is human behaviour that makes him attain a certain
goal, under some influence, and when motivation is associated with it, the whole purpose
becomes “Motivational purpose strivings” (Barrick, Michael, and Ning, 2013). (Meyer,
Dalal, & Hermida, 2010) propose motivation as the resultant of combining attributes and
environment. Whereas Barrick, Michael, and Ning, (2013) explanation of work behaviour
is that “it is the goal that a person wants to attain that, when and why an individual will
be motivated at work”.

In the research, the researchers considered the dynamic nature of influence and both
gain and loss of motivation in a working environment. They also propose an integrity
theory that focuses on different difficulties in performance at work in order to achieve a
goal. This study establishes a dependency of human behaviour on motivation on work
behaviour. They based this motivation theory on five human personalities, and they are:

“Extraversion (sociable, dominant, ambitious), agreeableness (cooperative,
considerate, trusting), conscientiousness (dependable, hardworking, persistent),
emotional stability (calm, confident, secure), and openness to experience (imaginative,
adaptable, intellectual).”

-Barrick, M. R., Stewart, G. L., & Piotrowski, M. (2001), Judge & llies, (2002)
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Barrick, Michael, and Ning, (2013) further propose a model integrating personality
and motivational factor during work for individual in order to attain meaningfulness at

work( figure 2). The model can be describes as:

Striving for Purposefulness and Meaningfulness

Task and social gy
job characteristics
Motivational *Satisfaction
processes *Satisfactory
*Selfefficacy Task

|| performance

*Action goals -Citizenship

*Expectations -Counter-
productive
behaviors
-Withdrawal

Figure 2 Work Behaviour Model (Barrick, Michael, and Ning, 2013)

FFM personality traits: Barrick, Michael, and Ning, (2013) use Funder’s
description of personality as “An individual characteristic patterns of thought, emotion
and behaviour, together with the psychological mechanisms hidden or not, behind those
patterns” (Funder, 2001:2)

Higher Order implicit goal: These components reflect the importance of goal in
worker’s behaviour, as a basic assumption is the human need goal to achieve
purposefulness in his work as described by Barrick, Stewart, & Piotrowski, (2001),

Locke, & Latham, (2004).
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Task and Social characteristics: “Theoretical and empirical research have long
recognized that, any job consists of test and social characteristics varying in a degree to
which they are intrinsically motivating, influences the job performance” (Hackman and
Oldham,1976).

Striving for purposefulness and experienced meaningfulness: Barrick, Michael, and
Ning, (2013) state that purposefulness and meaningfulness are clearly related, and when
we need a notion “achieving a state of well-being is referred as meaning fullness and
purposefulness of our actions”.

Barrick, Michael, and Ning, (2013) establish a relation between agent’s personality
traits and agent’s actions in a working environment, in case of any particular job
characteristics. This relation becomes one of the fundamental concepts for any human

behavioural model.

2.5. PECS reference model

PECS, basic model was first introduced by Bernd Schmidt in Schmidt, (2002).
PECS stands for (P) physical condition, (E) emotional state, (C) cognitive capabilities
and (S) social states. The PECS model defines a different approach to affordance in
social systems. In PECS model an environment represents a social system (figure 3). The
model specifies emergent human behaviours as the events occur with time. This model
lays path for new system modelling that completely relies on human’s perceptions for
decision making. To fully understand the human action transitions we studied the

structure of PECS’s agent. The structure is divided into three components.
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Upper level: the upper level comprises the perception and sensors block. Sensors
block is one which is responsible for acquiring sensory data, where an agent takes input
from environment and passes it to perception block. The perception block is responsible
for establishing relation between those inputs on the basis of an agent’s state on middle
level.

Middle Level: The middle level contains components like social status, cognition,
emotions and physics. This layer passes status of an agent on social, cognitive, emotional
and physical level by using some state transition functions.

The bottom component contains behaviour block and actor block, where calculated
perception is transferred as an action using state transition function. These actions
collectively represent agent behaviour, which is then passed to the actor to act, and that is
how an agent’s behaviour is calculated. This process is repeated again as the input
information changes dynamically with the social according to situation.

This model defines a clean relation between motives desires and actions. Reiss,

(2000) used 16 different desires that motivate a human behaviour and personality.
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Figure 40 Paths plotted on earth maps (Google Maps. 2012)

Figure 41 US development roads plotted on earth maps (Google Maps. 2012)
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Figure 43 Minor road development sites on earth maps (Google Maps. 2012)

Results Description:

Results from figure 41 contain some of our plotted results on the area using GIS software.
These results are presented in order to catch similarities between some major and minor
road development sites of U S authorities in that region (refer to figure40 — figure43). We

also present similarities with the migration patterns depicted by archaeologists from

Crow Canyon Research Center.
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Figure 46 Archaeological maps [New Mexico region only], (Crow Canyon Archaeology Center, 2011)

Figure 44 presents results plotted using calculations done using the proposed approach on

the test area. Figure 45 presents the same routes on US map. Figure 46 presents the
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Figure 58 Archaeological maps [New Mexico region only], (Crow Canyon Archaeology Center, 2011)

Figure 56 presents results plotted using calculations done using the proposed approach on
the test area. Figure 57 presents the same routes on US map. Figure 58 presents the
archaelogical sites that presents evidence of migration from chaco canyon area to other

areas.
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CHAPTER 8. CONCLUSION

In the beginning of this research a hypothesis is presented on the role of human behaviour
in path prediction. In order to prove the hypothesis an approach is developed. This
approach includes development of a sophisticated computational model to describe some
important phases of human behaviour. The approach investigates the very fundamental
reasons on how human acts in any situation and to prove that his actions are mere
reflection of various aspects of his behaviour. With the test area and results, this study
concludes that this hypothesis is right to some extent despite all assumptions. In a
philosophical way, it is said that “It is not human who makes a mistake in choices all the
time, sometimes the situations (social and environmental conditions as for this research)

are the one responsible.”

In the thesis, various numerical calculations are performed to ensure the religious
working of one model. In this research most of the attention is focused on analyzing
human behaviour in solving path prediction problem. With the study it is shown that
human decisions are actually based on their observations also the different aspects

explained in the research of their behaviour affects his utilization of those observations.

Therefore, with the above obtained results from the proposed approach, this study
would like to draw everyone’s attention towards the conclusion that if we have to create
agents with human intelligence then we need to investigate a human’s way of interacting

with his social environment.
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Although, the proposed model is not sufficient and does not consider all aspects of
human behaviour, we believe that with some improvements this approach can be utilized
in some manner and in many areas. For improvements, this research requires focus on

some of the limitations in the model such as, this model doesn’t consider emotions.

All the components are assumed to be present in very restricted limit. This study
considered influence as singular entity representing all classes of influences altogether
and same is considered for motivation and expectation, whereas the research done in all
this individual fields suggest various classifications for all the above aspects. Hence at

this elementary level the study includes test case specified participation of these aspects.

As explained in chapter 5, that migration is a continuous movement in which
destination is defined during action. Such decisions are made under some influence.
Primarily, this influence could be explained as the reasons behind leaving the other
region or the act of leadership. This relation is hard to understand with the limited
resources used in the above study. However, an attempt is made to explain this dynamics
using leadership example but the research lack in providing sufficient information to
integrate the leader-follower relation in migration study. This leaves the study with a

reason and a direction for future advances in this approach.

This study surveyed many behavioural models and included most of the elements
of these models into one computational model from a perspective of a pedestrian. This
research shows, a subjective integration of few behavioural models, that can be employed
to solve a human behaviour related problems. The model we had provides a general

guideline on integrating human behaviour with path prediction method. Till now,
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researchers studied connections between them but this work provides an approach on
computationally implementing it. We may conclude with this study that the model can

support social hypothesis in many other mobility prediction problems.
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