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Resumo

Considerando os efeitos do AVC no tecido cerebral e o comprometimento motor correlato, o
emprego da reabilitacdo com realidade virtual (RV) pode ser um aliado na ativacao
neuroplastica. Uma nova abordagem RV para a deteccdo de atencdo e imersao, através de
biopotenciaig apresentada com base nas caracteristicas dos sinais elétricos cerebrais e sinais
eye-tracking neste estudo. Com vista a demanda competitiva de aten¢cdo em nosso cotidiano e
a identificac@o de processos neurais nos sinais de EEG associados a ela, além da disponibilidade
de dispositivos portateis baseados em biopotenciais, serpassivel interpretacées por
métricas na caracterizacdo da atencdo, imersdo e concentracdo do usudario baseadas en
parametros extraidos do sinal de EEG e monitoramento eye-tracking (ET). D&lo®cen
monitorados como potenciais relacionados a fixacdo do olhar. Em relacdo as bandas de
frequéncia do EEG relacionadas com a aten¢édo nas formas de imersdo e concentracdo, como
métricas da rede cerebral por meio de densidade espectral de poténcia, as areas frontal e parieto
RFFLSLWDO IRUDP DW L YPasdimétr@a Dontat X8 iDwéstigadairesultando

em mudancas significativas nos estados de imersao, em comparagdo com o estado de
relaxamento. Areas especificas do cérebro e bandas de frequéncia foram analisadas: analise
frontal de EEG, bem como indices relacionando razdo entre bandas de frequéncia de muitos
canais de EEG foram usados para investigacdo de concentracdo em duas tarefas de atencac
diferentes. Um maior nivel d®@ WHQomR UHIOHWH XP DXPHQWR QR SRW
IURQWDLV H QRVY HOHWURGRYV SDULHWDLV XP DGdmHQWR (
direcGes futuras, indicamos um maior nimero de pacientes na investigacdo, uso de novas
caracteristicas de resposta do sinal cerebral, como tempo de reacéo e investigacdes em tempc
real através das métricas estabelecidas neste trabalho.



Abstract

Considering the effects of stroke on brain tissue and related motor impairment, the use of
rehabilitation with virtual reality (VR) can be an ally in neuroplastic activation. A new VR
approach for detecting attention and emotion through biopotentials is presented based on the
characteristics of brain electrical signals and eye-tracking signals in this study. With a view to
the competitive demand for attention in our daily lives and the identification of neural processes
in the EEG signals associated with it, in addition to the availability of portable devices based
on biopotentials, it becomes possible to capture by attraction in the characterization of attention,
immersion, and concentration of the User tracked on parameters extracted from the EEG signal
and eye-tracking (ET) monitoring. ET data were monitored as potentially related to gaze
fixation. Regarding the EEG frequency bands related to attention in the forms of effort and
concentration, as metrics of the brain network through power spectral density, the frontal and
parieto-RFFLSLWDO DUHDV ZH WK G F VEIDYDGWH G KH) DAMCKSHK D LURQ W
investigated, it had significant changes in the immersion states, compared to the relaxed state.
Specific brain areas and frequency bands were surveyed: frontal analysis of EEG as well as
indices relating ratios between frequency bands of many EEG channels were used to investigate
concentration in two different attentional tasks. A higher level of attention reflects an increase
LQ WKHWD S Rk Hwal lelec@odes dn@ in the parietal electrodes, an increase in
SRWHQWLDO UHODWLYH W R cénkideradians, Wwe®inditate/d ireater nuidberl X W
of patients in the investigation, and use of new brain signal response characteristics, such as

reaction time and real-time thinking through resistances in this work.
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Chapter 1

INTRODUCTION

The attention assessment is of great importance as one of the cognitive human processes.
The distinction between states of concentration and immersion can be identified by neural
processes, extracted from electroencephalographic signals (EEG) (LIM; YEO; YOON, 2019).
Electroencephalographic (EEG) signals have been used for two purposes for assessing
attention. The first is in separation between groups of individuals with and without attention
deficit disorder and the second is in a way of estimating many different types of attention during
specific activities (BAGHDADI; TOWHIDKHAH; RAJABI, 2021).

Identifying adequate process measures to study and better understand cognitive effects of
attention processes has become a central focus in instructional psychology and neuroscience
(HARTEIS; KOK; JARODZKA, 2018). Especially, combining eye-tracking has become
increasingly popular for analyzing instructional materials (SCHARINGER; SCHULER;
GERIJETS, 2020).

By means of EEG frequency band powers, alpha waves have been widely reported in
concentration states (RAY; COLE, 1985). Beta bands increase in states of more attention (LEE,
2009). Ratios, beta/alpha, theta/alpha were reported as indicators of an increase in concentration
states. Nevertheless, there are many limitations in neurophysiological testing and the usage of
EEG signals: few specific criteria limitations, low convergence in the methodologies for
identifying the variation of attention over time, cultural limitations, lack of validation of
prediction of local tests (DEMECO et al., 2023).

In that context, virtual reality (VR) systems appear as one alternative to standardizing the
exposure of individuals to objective and generalized stimuli. The use of VR presents itself as a
free field for creating environments, combining elevated security and limited prediction. These
characteristics are relevant at the standardization of the visual stimulus to be evaluated, reflected
in the EEG signal. With the growing popularization of VR wearable and EEG recording

wearable, this alternative is of interest to deal with a system of attention evaluation.



VR systems are helpful in exposing the user, or patient, in case of an exesmaoms/
game, to punctual and constant stimuli, varying its intensity. Thus, the increase in attention can
change and when monitored, can supply individual 's information modulated per those stimuli.
The combination of EEG signals monitoring and eye-tracking signals have been altemative
non-invasive, portable solution in monitoring processes in neuroscience. Growing equipment
popularization and low-cost ones (compared to lab solutions) is a strategy applied in situations
that mimic daily conditions in use of therapy (KHOKAIEal, 2023).

The VR system that is developed for therapy/physiotherapy purposes, with ludic features,
manipulated by a patient with specific protocol, can be agreed as a serious game. A patient
stricken per cerebrovascular accident (CVA), can enjoy serious game features in search for a
quality-of-life improvement, associatirgmore pleasurable one activity practice of regular
physiotherapy (KHOKALEet al, 2023). Serious game use in the context of therapy and
rehabilitation was recently quite explored at lab practice, each turn more intalgiactice.

Cerebrovascular Accident (CVA), or Stroke, is the second biggest cause of death today
in the world (11.8%), ahead onlyischemic heart disease (FEIGIN; NORRVING; MENSAH,
2017). Together with the advances in the quick and careful interventions, deaths relative to
stroke have decreased. However, the post-stroke outcomes are diverse, for example elevated
LQGLYLGXDOVY GLVDELOLW\ GHSUHVVLRQ DQ[LHW\ YDV
fatigue, generating challenges that prevent the full recovery of the individual, generating low
functional rehabilitation and compromising quality of life. Associated with this, only 19% of
those affected have access to a rehabilitation program (KATAN; LUFT, 2018).

Therefore, this study goal is to characterize EEG and eye-tracking signals patients
affected per cerebrovascular accident (CVA), inducing upper limb commitment, that also
complain of difficulty in paying attention in daily activities. The present study relates current
research and band ratios assessment methodologies through the EEG signal in the context of a
VR system - serious game/exergame aimed to treat at the therapy level of stroke survivors -
and eye-trackingignals.

1.1 THESIS RELEVANCE

Identifying adequate process measures to study and better understand cognitive processes

is a central point of research in neuroscience. Especially non-invasive solutions, and low-cost



ones, have increased the capability of doing research outside laboratory conditions, mimicking
GDLO\ DFWLYLWLHYVY DQG ILQGLQJ QHZ SHUVSHFWLYHV IR

Using EEG wearable with 8 channels, for analyzing EEG frequency band power, and eye-
tracking device, this thesis uses recent lean technologies (customer-value focused Japproach
and strategies, working with physiological measures, in a state of art proposal, regarding the
recent literature, in a VR context.

Analyzing eye-tracking data and EEG data simultaneously in one study is due to provide
further insights into the sensitivity of these measures to assess mental processing demands in
the context of a free-viewing task, in different demands of attention. Finally, the combined
recording of eye-tracking and EEG data allows to additionally analyze the EEG data fixation-
related in certain areas of interest (AOIs), which might be in general a promising methodology
for studying the EEG in complex, multimedia task materials (SCHARINGER, 2018).

In this thesis we wanted to describe the outcomes of metrics in fixation-related EEG
frequency power analysis in different attention states, and present reproducibility of the
methodology in the context of VR systems, showing statistical relevance and comparison. Our
focus is on collaborating with the immersive virtual reality approach to post-stroke
rehabilitation therapies. As (SCHARINGER; SCHULER; GERJETS, 2020) describes,
fixation-related EEG data analysis has been proposed as a promising methodology to study the
EEG in free-viewing situations, yet most studies so far focused on the time-domain, that is on
fixation-related potentials and not on the frequency domain. As this, fixation-related frequency
band power analysis may be more explored.

This thesis is divided in 6 sections/chapters. Chapter 1 presents the general idea of this
thesis work, introducing terminologies that will be defined in Chapters 2 and 3. Chapter 2 gives
the idea of how EEG signals are formed and recorded in a non-invasive approach. Chapter 3 is
based on a published work by the author of  this Thesis,
https://doi.org/10.3389/fphys.2021.727840. Chapter 4 shows each step used to investigate
attention, through EEG and eye-tracking, in the context of a specific VR system. Chapter 5
presents the results found. Chapter 6 discusses and make final considerations. References are

added at the end of each Chapter.



‘ Chapter 2

ELECTROENCEPHALOGRAPHY

The first records of electrical brain activity in humans were systematically made by the
German psychiatrist Hans Berger, in mid-1928, who introduced the term electroencephalogram
(EEG) to denote the recorded fluctuating potentials of the brain, being the founder of clinical
neurophysiology (WEBSTER; NIMUNKAR; CLARK, 2010). The fluctuating scalp potentials
represent the positioning of field potentials produced by a variety of neuronal active ionic
currents found in the mean conducting volume. To understand how ionic currents are registered
by the electrodes and how the mean conductive volume influences, the following sections are
presented: (2.1) brain function and its general anatomy, (2.2) the field potentials of unit neurons,
and (2.3) the cortical potential recorded and (2.4) the typical brain waves recorded on the EEG

by electrodes on the scalp.
2.1 CENTRAL NERVOUS SYSTEM (CNYS)

The CNS consists of a spinal cord, covered with a vertebral column and its extension, the
brain, protected by the skull. The cerebrum is a large, modified portion of the CNS, covered by
three meninges and the skull. The brain is divided into three main parts — cerebrum, cerebellum,

and brainstem, see Fig. 2.1.1. The olfactory bulb can also be seen in the image.
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Fig. 2.1.1 Three main brain parts. [Source]: translated from (BEAR, 2013)



The brain is a paired structure, which corresponds to the right and left hemispheres, each
relating to the opposite side of the body. The surface of the hemisphere (most superficial layer)
is called cortex, which receives information from the skin, eyes, ears, and other receptors
located generally on the opposite side of the body and is divided into six layers, which add up
to 1 cm thick, called neocortex (Figure 2). Each hemisphere consists of several layers, where
the outermost layer is a dense collection of nerve cells called gray matter, 1.5 to 4 mm thick,
formed by neuron cups, neuroglial cells, and unmyelinated nerve fibers (WEBSTER,;
NIMUNKAR; CLARK, 2010).

The brain and its main functions can be divided by regions, which are called cerebral
lobes, see Fig. 2.2. There are four lobes located in the cerebral cortex: frontal, parietal, occipital
and temporal lobes, named after the corresponding skull bones. There is also the insula lobe,
internal to the parietal, frontal and temporal lobes. The insula/insular lobe is a hidden portion
of the cerebral cortex that can be visualized by delicately pulling apart the margins of the lateral
fissure (BEAR, 2013).

Parietal lobes
Frontal lobe

Temporal lobe

Fig. 2.1.2. Lobes of the brain. [Soujceanslated from (BEAR, 2013)

Another way of dividing the cerebral cortex is into three types of functional areas, the
primary, secondary, and association areas. The cortical areas responsible for basic functions are
called primary motor or sensory areas. Secondary areas are located next to each primary area
and receive afferent projections from the corresponding primary areas and the thalamus. They
are responsible for integrating the original signal from the primary areas with the information

received from the thalamus, to refine the input from the primary area.



The association areas, on the other hand, are cortical areas that integrate, process, and
analyze different types of stimuli that reach the brain, and are involved in mediating higher
cognitive functions, one of the most important being the prefrontal cortex area.

The various areas, called Brodmann areas, differ in microscopic structure and function.

Visual areas are found in the occipital lobe, somatosensory areas in the parietal lobe,
auditory areas in the temporal lobe. The sensory information analysis areas, motor control areas,
are in the frontal lobe. Associative areas of the cortex being those that are not directly involved

with motor or sensory functions, see Fig. 2.1.3.
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Fig. 2.1.1 Major sensory, motor, and associative cortical areas. [Bdraoslated from (BEAR,
2013).



2.2 Basic Functional Unit

Two major categories of cells in the nervous system are: neurons and glia, among which
there are many types of cells that differ in structure, chemistry, and functionality. Although
there are approximately equal numbers of neurons and glial cells in the adult human brain
(about 85 billion each), neurons are responsible for most functions unique to the nervous
system. It is the neurons that sense changes in the environment, communicate these changes tc
other neurons, and direct the body's responses to these sensations. Glia, or glial cells, contribute
to neural functions primarily through their insulating, supportive, and nurturing effect on
neighboring neurons (BEAR, 2013).

Most cells are 0.01 to 0.05 mm in size. The neuron has distinct regions, a central region
contains the nucleus of the cell and is called the soma. The thin tubes radiating from the soma
(cell body) are the neurites, subdivided into dendrites and axons. Dendrites can reach up to 2
mm in length, while axons can travel great distances in the body, reaching more than one meter
in length (BEAR, 2013).

Neurons can be classified according to the number of neurites or the aspect of the
dendrites, among other classifications (types of connections and length of the axon). Two large
classes are differentiated in the cerebral cortex, stellatexstlis-shapedrand pyramidal cells
+pyramidal in shape (Fig. 2.2.1) and uniformly positioned perpendicular to the cortical surface.
This characteristic is differential so that the postsynaptic potential, to be seen in the next topic,

can be added, and recorded by EEG electrodes on the scalp.

Stellate cell

Pyramidal cell

Fig. 2.2.1 Classification of neurons based on the structure of the dendritic tree. [Scamskted
from (BEAR, 2013)



Fig. 2.2.2 presents a schematic drawing of a typical pyramidal cortical neuron. Bodies of
this cell type are commonly triangular, with the base downward and the apex toward the cortical
surface. The pyramidal neuron usually has a unitary axon, which emerges from the inner surface
of the cortex with the projection of its fibers to other areas of the cortex, or other structures of
the brain. Often their axons send branches back, as feedback, to the cellular region where they
first originated (WEBSTER, NIMUNKAR AND CLARK, 2010).

Fig. 2.2.2 Electrogenesis from the field of cortical potentials to a network of excitatory inphé
apical dendritic tree of a typical pyramidal cell. The resulting current flow mdwewaves between
synaptic buttons. [Source]: (WEBSTER; NIMUNKAR; CLARK, 2010)

2.3 ACTION POTENTIAL

The signal that carries information along the nervous system is called an action potential.
From the cellular and resting point of view (resting potential condition), the interior of the
neuronal membrane is negative in relation to the external environment. In the action potential,
there is a rapid inversion of this state, with the internal environment becoming more positive in
relation to the external environment. The action potential is also called a spike potential, nerve
impulse or discharge (BEAR, 2013).

The action potential generated in a portion of the membrane is constant in size and
duration and does not decrease as it propagates down the axon. It is the frequency and pattern
of action potentials that constitute information to be transferred from one location to another.



Its properties and characteristics are universal to the animal kingdom, as can be seen in Fig.
2.3.1.
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Fig. 2.3.1 Action potential phases and characteristics. [Source]:
[https://WWW.moleculardevices.com/applications/patdmp-eIectrophysioIogy/What-action-potential], accesduwre 28, 2023.

Fig. 2.3.1 represents a graph of the membrane potential against time. There are
identifiable parts, shown in Figure 6: 1. The onset phase, 2. the ascendingiagpse
membrane depolarizatiort which allows the internal membrane potential to reach the
maximum peak value of 40 mV, with influx of NaFailed depolarizations happen due to not
reaching the threshold level. When there is the overdrive spike, the interior of the neuron is
positively charged relative to the outside. 3. In the descending pivapéd repolarization of
the inner medium of the membragathe inner medium becomes more negative than the resting
potential, when Kions come outside. 4. In the next phas®st potential hyperpolarization or
undershoottthere is a gradual restoration of the 5. resting potential. From start to finish, this
event lasts about 2 millisecondsq, and the stimulus generating the action potential must
overcome a threshold for the onset of depolarization (BEAR, 2013).

Under normal conditions, the action potentials conducted by axons in the cortex
contribute very little to the integrated surface potential because there are many axons in the
cortex that are going in different directions and that depolarize asynchronously. Consequently,
the temporal and spatial influence on the field potential at the cortical surface is neglected.
When there is a synchronous response to cortical inputs/stimuli, it is called an evoked potential,
and it has a relatively large amplitude. Synchronicity of adjacent fiber and cortical neuronal
activity is the biggest factor influencing the magnitude of the surface potential that can be
recorded with scalp electrodes (WEBSTER, NIMUNKAR AND CLARK, 2010).



Unipolar field potentials recorded in cortical layers reveal that surface cortical potential
is increased by the 'network’ effect of postsynaptic potentials from cortical cells, as shown in
the pyramidal cell polarization in Fig. 2.2.2. This network of potentials can be excitatory or
inhibitory - changing only the polarity of the dipole shown in Fig. 2.2.2 - and recorded directly
below the electrode or at some distance from it. The potential change recorded at the surface is
measured by this network of falling potentials between the surface location and the distance
from the reference electrode. This network could have a resultant of zero, nullified by a closed
field effect (WEBSTER; NIMUNKAR; CLARK, 2010).

Since this is an ordered and symmetrically fitted cortical surface with specific types of
cortical cells, the recorded cortical electrical change may create a situation of open field
potentials, which is favorable for detecting postsynaptic depolarizations. Pyramidal cells make
this situation possible, as they are oriented vertically, with their long apical dendrites arranged
parallel to each other. Thus, potential changes in one part of the cell relative to another part
create a measurable current movement on the cortical surface, which is illustrated in Fig. 2.2.2
(WEBSTER, NIMUNKAR AND CLARK, 2010).

On the other hand, the non-pyramidal cells of the neocortex do not contribute
substantially to surface recordings. This dipole relationship in the pyramidal cell, between
dendrite and soma, dependent on excitatory or inhibitory stimulus, is what constantly alters the
current dipole, where variations in dipole orientation and density produce fluctuations that
resemble waves in the surface field potential. The recording of these fluctuating signals is given
by electrodes on the scalp and originate the electrocardiogram, a signal that will be discussed
in the next topic. The sum of negative dendritic activity, relative to the cell, it becomes excitable
and depolarized. When positive, the cell is hyperpolarized and less excitable (WEBSTER,
NIMUNKAR AND CLARK, 2010).
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2.4 HECTROENCEPHALOGRAM

The electroencephalogram is used to non-invasively diagnose brain injuries and tumors,
just as it is used in neuropsychological research. Electroencephalograms are usually recorded
from the scalp, which means that underlying brain cortical electrical activity must pass through
the meninges, pia and dura mater, cerebrospinal fluid, skull, and scalp. When the ion waves hit
the electrodes, the voltage difference between the electrodes can be measured by a voltmeter.
Accounting for these voltages over time results in the EEG tracing, which is a 2D representation
of the conduction volume, which is 3D. It is estimated that each of the EEG electrodes sees a
solid angle adding up the activity of about 6 cm?2 of underlying cortex, with a significant number
of thousands of cells in synchrony, indicating the behavior of cortical neurons (OLEJNICZAK,
2006).

Considerable attenuation and spatial averaging of the brain signal occurs due to various
structures that electrical activity must travel through. The highest brain potential recorded on
the scalp is approximately 150/ peak. The standard for EEG recording via scalp electrodes
is 10-20 + recommended by thelnternational Federation of Societies for
Electroencephalography and Clinical Neurophysiologith positioning relative to anatomical
landmarks of the skull and 10% or 20% intervals, see (NORTHROP, 2003) and Fig. 2.4.2.
Different devices for EEG recording can vary from 1 to 32 electrodes across the scalp, and a
total of 128 towards the face. The electrodes are the initial element for recording these
biopotentials, as this is where the transduction of the ionic signal into an electrical one takes
place. The electrodes must have metallic components and can have two main falisiats

pins xand provide signal transduction with or without the help of conductive gel. The disc-
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shaped electrodes, Fig. 2.4.1 are generally made of AgCI (silver chloride) and positioned with
the help of a conductive gel at the electrode-skin interface.

Fig. 2.4.1 Recording of brain electrical activity with an EEG electrode. The small eledticdie
produced by electric dipoles in the pyramidal cells, in a postsynaptic depolarization. [Source
translated from (BEAR, 2013)

Fig. 2.4.2 International electrode positioning system, 10-20, with its traditional 1&d&sctFor
referential (unipolar) recording, atria A1 and A2 are used as reference [[SOMBRCUSE;
FIELDS; YOO, 2015)
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Typical EEG signals have frequencies in their spectrum corresponding to specific
activities. Its characteristics can be seen in the Fig. 2.4.3 and Fig. 2.4.4, and it is possible to see
that they are stochastic signaithey do not repeat themselves as a function of time. A complete
EEG signal recording system comprises electrodes positioned on the scalp, connected to the
amplification and filtering unit, subsequent analogue-digital conversion, signal processing, and
recording or demonstration of the signal in real time. The signal/noise ratio of the EEG signal
is relatively low, it is also subject to a strong attenuation at the skin-electrode interface, due to
the impedance that characterizes it, in addition to the half-cell potential of the electrodes, which
demands that computational algorithms assist in the process extraction of EEG signals and their
possible characteristics of interest (WEBB, 2018). The removal of noise from the EEG signal
in each channel (electrode) and its correlation with other channels, can generate information on
the interactions of different areas of the brain, which can be observed by investigating the EEG

rhythms.

Fig. 2.4.3 (a,b) Characteristic EEG signals from two electrodes positioned at differenaphysi
locations on the scalp (c) Summed EEG frequency spectrum of all scalp areas for &B5@ical
[Source]: (WEBB, 2018)
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Fig. 2.4.4 Schematic example of EEG waveforms in different frequency bands [SOQMEBB,
2018)

EEG signal rhythms are correlated with certain behavioral states and pathologies. Brain
rhythms are categorized into five most analyzed bands, depending on their frequencies, they
DUH WKH GHOWD / WKHWD DOSKD . EHWD DQG JDF
be addressed in this work, as it is a very high frequency range, normally associated with
neuroscientific investigations, but which requires high precision from recording devices.
Traditionally, the rhythms are described as follows, presenting the main associated behaviors.

'"HOWD / UK\WKPV DUH VORZ ZLWK KLJKHD Rdmalyw X G H
only observed in children and adults who are in a state of deep sleep. A large detection of delta
activity in awake adults is abnormal and is often associated with neurological disease. Delta
waves originate in the thalamus or the cortex (WEBB, 2018).

7TKHWD UK\WKPV KDYH KLJK DPSOLWXGH QRt@ IUHT?
7.9Hz. It occurs in small amounts in a normal waking adult, in a state of meditation and problem
solving, as well as in large amounts it is associated with neurological diseases. A greater amount
of these waves is seen in young and older children, and adults in a light sleep state. The theta
band is associated with a wide range of cognitive processes (WEBB, 2018).

$OSKD . UK\WKPV RFFXU DW D IUHTXHQF\ RI  WR +]
people when they are in a state of wakefulness, creativity, concentration and in a state of
relaxation. It is measured over the occipital region of the brain, primarily reflecting visual

processing and memory retrieval. Its amplitude is high when the eyes are closed and body
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relaxation, and it is attenuated when the eyes are open and when performing mental tasks
(WEBB, 2018).

%HWD UK\WKPV D UBH and 30BiGarte ldnd/rédriste(@d by the frontal and
contralateral regions of the brain. Beta waves are characterized by a symmetrical distribution
at the peaks of their waveform when there is no motor activity, and it becomes asymmetrical
desynchronizedtwith low amplitude during movement (WEBB, 2018).

Table 2.4 Brain Waves features

Brain o
f (Hz) A (UV) Description
Wave
Delta 1 +4 20-200 Predominant in the deep sleep state, loss of bodily aware

dreamless sleep, unconscious

Found in the sleep state and in tasks that do not re
Theta 4.1 £8 10 concentration, such as automatic tasks. Reduced consciou
dreams, light sleep

Physically and mentally relaxed, state of attention, conscious, ¢
Alpha 8.1 +13 20-200 learning. The occipital, parietal and frontal areas have the gre
amplitudes.

State of alert with attention to an external stimulus or concenti
on a task that requires reasoning, focus. It presents a |
amplitude than alpha oscillations and it is commonly found in
parietal and frontal lobes.

Observed in synchrony with visual information, whetl
Gama | 32 +100 5-10 consciously or not. Waves are prominent at 40Hz and assoc
with sensory processes in the visual cortex.

Beta 13.1 +30 5-10

A: amplitude;f: frequency.

2.5 CEREBROVASCULAR ACCIDENT / STROKE

Stroke is one of the major causes of death and disabilities in the world and the reason for
116.4 million disability-adjusted life-years (DALYs) (MAROTT#t al, 2020). TheGlobal
Burden of Diseases, Injuries, and Risk Factors Strgports that, in 2016, stroke was
responsible for 5.5 million deaths globally. The great challenge of the survivors of stroke is to
address the long-term consequences as sensory, motor, cognitive, and visual impairments.
These neurological deficits are the main rehabilitation targets since these reduce the ability of
individuals to perform activities of daily living (ADL) (KATAN; LUFT, 2018).

The most common involvement caused by stroke and the most widely reported is motor
damage. This may be noted as loss of muscle control function, or limitation in mobility.
Therefore, several new models of rehabilitation for motor recovery, such as robotic therapy and

non-invasive brain stimulation, have been developed based on clinical studies and science, with
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the aim of characterizing brain remodeling, due to the process of neuroplasticity - the brain's
ability to adapt to environmental pressure, experiences and challenges, including brain damage
(YUAN et al, 2021).

Stroke V X U Y LmyaRifds¥ deficits in physical functions, e.g., motor impairment in up to
80% of cases, associated with disability in language, sensory, behavioral, and visual functions,
dysphagia and cognitive domain (difficulty in intellectual capacity, memory, attention,
orientations, awarenesslhe location of the brain damage, its extent and the amount of the
recovery are keyfsRLQWYV LQ WKH VWURANGHURNE; QEERNHARDMFRPH
KWAKKEL, 2011).

The use of brain-computer interfaces (BCI) has been applied for post-stroke
rehabilitation. Most studies report patients who actively operated devices, performing robotic
movements, for example, with the help of this interface to promote their rehabilitation. The use
of BCI implies modifying the patient's neuronal activity, under the effect of progressive
practice, with certain feedback or reward. It is estimated that changes in cortical activation
patterns remain in the patient, when they perform similar activities, even after cessation of
therapy activities (Yuan et al., 2021). In a current review, it was found that the use of short-
term therapies with devices, immediately after the end of the intervention, is significantly more
effective than the control interventions in post-stroke upper limb rehabilitation (MANS®DUR
al., 2022).

Recording the EEG signal in this context has proven to be a prominent tool that offers a
more direct measurement of the electroencephalographic signal with greater temporal
resolution to explore the dynamics of brain processes. Effective connectivity developed from
Granger causality theory can be derived from the EEG signal (Yewdll, 2021). This type
of connectivity theory reveals directed information flowing from one region to another and
asserts directed information and correlation between brain areas. EEG can be applied to
estimate functional and effective connectivity. Functional connectivity is defined as a statistical
interdependence between spatially distant neurophysiological regions, usually measured by
correlation, coherence and information theory (C&@l, 2022).

Generally, EEG data can be used either for evaluating the presence of neural plasticity in
stroke patients before and after neurobehavioral treatment or as neurofeedback for brain-
computer interface (BCI) systems. Indeed, the most common brain signal activity (EEG
rhythms) used with BCI paradigms in stroke patients is related to motor planning and execution.

During a motor attempt, the temporal pattern of the Alpha rhyt8#i2 Hz) over the

16



sensorimotor cortices desynchronizes. This rhythm is considered an indirect indication of the
action observation network and reflects the general sensorimotor activity. When these EEG
signatures change in the Beta rhythm @2 Hz) in the form of event-related

desynchronization, they indicate that motor action is executed (ARELHR] 2021).
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VWDWHY Rl FRQFHQWUDWLRQ DQG LPPHUVLRQ WKURXJK
VKRXOG IRFXV RQ D UHG GRW LQ WKH FHQWHU RI WKH VF!
SOD\LQJ D 95 JDPH 7KH EHWD ZDYHV URVH LQ ERWK WKH
IURQWDO DQG RFFLSLWDO OREHV LQFUHDVLQJ IXUWKHU
GHFD\ DW UHVW WLPHV LQ ERWK FRQFHQWUDWLRQ DQG L
WKH LQGLYLGXDOTV YLVXDO DWWHQWLRQ FDXVLQJ ILJ
LQYHVWLIJDWHG LQ WKDW ZRUN DQ\ LQWHQWLRQ H[LVWF
GXULQJ UHFRUGLQJ RI WKH ((* VLIQDOV

7R DOORZ PRUH LPPHUVLRQ LQWR 95 VIVWHPV WKH L
YLUWXDO HQYLURQPHQW LV WKH LQGLYLGXDOYV SUHVHQ
WKURXJK DQ DYDWDU ZKLFK LV GHILQHG DV D GLUHFW
UHVHPEODQFH Rl ZKDW ZH H[SHULHQFHWQW®KH*DABPY ZRH
WKH PDLQ ZD\ WR H[SORUH WKH LQGLYLGXDOfV SUHVHQF}
PHGLFDO DWWHQWLRQ H[HUJDPHV 95 EDVHG H[HUFLVHV
DSSURDFK Rl 95 WHFKQRORJLHV VFLHQWLILF LQYHVWLJD
RIWHQ XVLQJ DYDWDUV

9LUWXDO UHDOLW\ 95V V\VWHPV FDQ EH FODVVLILHG
WKH XVHU DOORZLQJ OHYHOV RI LPPHUVLRQ LQWR GHVN
IXOO\ LPPHUVHG 95 VA\VWHPV 7KHVH GLIIHUHQFHV DUH QH
95 HQYLURQPHQWY VLQFH WKH XVHU ZKHQ ZDWFKLQJ D
YLUWXDO HQYLURQPHQW LQ D SDVVLYH ZD\ LV QRW IDFELC
95 RU GHVNWRS EDVHG 95 VI\VWHPV 6HPL LPPHUVLYH 95
DOORZ D PL[HG YLHZ RI WKH YLUWXDO HQYLURQPHQW DV
GHVNWRS EDVHG V\VWHP ,Q WKH IXOO\ LPPHUVHG 95 V\\
+0' RU EH SODFHG LQ D FDYH DXWRPDWLF YLUWXDO HQYL
E\ VFUHHQV RQ DOO ZD®®WVDO, *DQJ =+28

$V SUHVHQWHG DW WKH HQG Rl &KDSWHU QHZ WHFKC
EHHQ GHYHORSHG WR HQKDQFH UHRUJDQL]DWLRQ RI WKI
GLVDELOLW\ 7KDQNV WR WKH GLVWLQFWLYH FKDUDFWHUL
DQG WKH PXOWLSOH VHQVRU EDVHG LQWHUDFWLRQV EHW:
FDQ EH SHUFHLYHG DV D UHDOLVWLF H[SHULHQFH ,Q D °
DGMXVW DQG SURSRVH H[HUFLVHV WKDW LQ FRQYHQWLR
H[SHQVLYH ORUHRYHU GXH WR WKH SRVVLELOLW\ RI D JD

i0






DXWKRUV GHPRQVWUDWHG WKDW WKHVH UHVXOWYV ZHUH
PHPRU\ DWWHQWLRQ YLVXDO SHUFHSWLRQ FDSDFLW\ DQ

/,1HW DO GHPRQVWUDWHG DQ LPSURYHPHQW LQ W
UHJDUGLQJ WRWDO VFRUH DQG KDQG FRPSRQHQW ,PPH
SRWHQWLDO LQ PRWRU VWURNH UHKDELOLWDWLRQ DQG |
VWDQGDUG WKHUDS\ 8SSHU OLPE GHILFLWYVY DUH D FRPPR
VXUYLYRUV KDYH DQ XSSHU OLPE G\VIXQFWLRQ HJ VSD
VWUHQJWK DQG GH[WHULW\ GHFUHDVHG DFWLYH MRLQW
FRRUGLQDWLRKW 'DO0 &2 )LYH W\SLFDO DUP VSDVWLFLW\ SI

DV HOXFLGDWHG HW 'R®6628/JOREDO PRYHPHQW LV D
JUHH WRHOYDPH WR UHKDELOLWDWH WKH W\SLFDO VSDVW

)LJ BUHYDOHQFH RI 6SDVWLFLW\ DQG 3RVWXUDO 3DWWHU

3.3 EYE-TRACKING

7KH XVH RI WHFKQRORJLHV VXFK DV DQ H\H WUDFNLC
FRPSRVLWLRQ RI LQGLYLGXDO EHKDYLRU PHWULFV DQG S
DERXW FRJQLWLYH SURFHVVHY DQG RWKHU LQIRUPDWLRQ
HGXFDWLRQDO UHVHDUFK OHYHO Rl DWWHQWERQVI/GIE® Y |
I(( $1'(5621

6HYHUDO PHWULFV FDQ EH H[WUDFWHG IURP VXEMHF
WUDFNLQJ FDOOHG H\H JD]JH EOLQNV VPRRWK H\H PRYHP

A~ 7



EHWZHHQ WZR IL[DWLRQ SRLQWY FDOOHG VDFFDGH SXSL¢
DQG WLPH RQ D SDUWLFXODU DFWLYLW\ RU UHJLRQ DQG
XVLQJ VIVWHPV OLPLWLQJ WKH LQGLYLGXDO V ILHOG RI °

9$5(/$ &$6HMW DO ELRPDUNHUV DUH GHGXFHG IURP H
7KH LQGLYLGXDO V DWWHQWLRQ LV FDOFXODWHG IURP Pl
WKH FHQWHU RI WKH VFUHHQ WR ZKLFK KH LV H[SRVHG

$SSURDFKHV RQ H\H WUDFENLQJ PHWULFV GDWH EDFN W
WKH FRUQHDO UHIOH[ PHWK EE® \ZHD& RQ HDKH BV I ®RE WKH H
SDWWHUQ WKDW URWDWHY OLNH WKH FHQWHU RI D FLU
=+$2:(, *82 621* 7KLV ZDV WKH ILUVW H\H WUDFEN|
GLPHQLR@®HYHORSHG E\ 6WUDWWRQ DQG XVHG IRU VWXC
SHUFHSWLRQ 675%$7721 $SSOLHG WR WKH VWXG\ RI |
DWWHQWLRQ VWUDWHJI\ WKH ILUVW HYLGHQFH ZLWK DQ
+$,'(5 )5(16&+

$ YHU\ FRPPRQ FRPPHUFLDO GHYLFH IRU UHFRUGL(
KWWSV ZZZ WRELL FRP H\H WUDENHU ZKLFK KDV VHYF
GHYLFHV RSWLRQV ,WV RYHUDOO WHFKQRORJ\ DOORZV V
WUDFNLQJ KHDW PDS DUHD RI LQWHUHVW VDFFDGH RF
RWKHUV :KLOH WKH V\VWHP LV TXLWH VWDEOH DQG GRHV
FKDQJHV LQ WKH XVHU V KHDG ZHDULQJ VSHFLILFE FORWEK
XVHU H[SHULHQFH

JRU SURFHVVLQJ JD]JH GDWD DR 03S 066 RXUFEHV VRO X W

ZKLFK LV D JD]JH GDWD DQDO\WLF WRRO WR FROOHFW
SRLQWY OLQNHG E\ SDWKV +HDWPDSV VFDQ SDWKV WUD
$2,V SURYLGH XVHIXO YLVXDOL]DWLRQ WHFKQLTXHV WR
+RZHYHU WKH\ DOZD\V SURYLGH D SDUWLDO LQIRUPDWLR
RIWHQ GHQVH DQG FRPSOH[ DQG D JLYHQ OHYHO RI DEVW
RI WKH GDWD %HFDXVH RI WKDW PHUJLQJ H\H LQIRUPI
SHUVSHEWLYHYV

6SHFLILFDOO\ WR IL[DWLRQ WLPH DQG GXUDWLRQ GD
SRWHQWLDOV RQ ((* PD\ DOORZ SURPLVLQJ FRPELQ@PWLRQ
LPSURYHG RYHUYLHZ Rl WKH LOQWHUDFWLRQ ,W KDV EHH
WKURXJK FRPELQHG DQDO\VLV RI ((* DQG (\H WUDFNLQJ



)53V DUH D VXEEDWHJRU\ RI HYHQW UHODWHG SRWHQW
HYHQWY WR JLYH FRQWH[W WR EUDLQ DFWLYLW\ 7KLV W\
IL[DWLRQ 7KLV FKDUDFWHULVWLEF DOLJQV WKHVH HYHQW)\
RFEXUV GXULQJ YLVXDO H[SORUDWLRQ 7KLV VXEVHTXHQ\
DV WKH\ UHODWH WR WKH H[DPLQHBW DWOXDO LQIRUPDWLR

)53V KDYH EHHQ JHQHUDOO\ VWXGLHG LQ YHU\ FRQWU
DQG FXUDWHG VWLPXOL WR WKH XVHUV GXULQJ LQWHUDF
HQKDQFHG HYDOXDWLRQ RI EUDLQ DFWLYLW\ LQ D ZLGH
IUHH YLHZLQJ DSSURDFKHV WR EH VXFFHVVIXO ,QGHHG
DOORZV IRU WKH PRQLWRULQJ Rl ZKHUH DQG KRZ WKH XV
PDQLSXODWHG V\VWMWPDO2%52&.

%RWK H\H WUDENLQJ (7 DQG HOHFWURHQFHSKDORJ!
H[SHULPHQWDO SDUDGLJPV DQG UHVXOWV WKDW KDYH U
SHUFHSWLRQ 6WXGLHY DUH LQFUHDVLQJO\ FRPELQLQJ W
DV (7 ((* HISHULPHQWY :KHUH H\H PRYHPHQWYV (0V RIIHL
DQG VSDWLDO DOORFDWLRQ RI DWWHQWLRQ ((* LV LQIRU
GXULQJ DQG DIWHU WKH H\HV ODQG RQ D FHUWDLQ UHJL
UHTXLUH REVHUYHUV WR QRW PRYH WKHLU H\HV DQG QR\
H\H PRYHPHQWY VWDWLF ((* H[SHULPHQWY RIWHQ DLP
HYHU\GD\ OLIH %XW H\H PRYHPHQWY DUH DEXQGDQW LQ
H[SHULPHQWYV LV D QDWXUDO VWHS WRZDUGV VWXG\LQJ W
VLWXDWLRQV RXWVLGH WKH ODE &251(/,66(1 6$66(1+$*(1

3.4 EEG FEATURES IN ATTENTION ALLOCATION AND GAMES

,Q WKH FRQWH[W RI FRIJQLWLYH QMK RWKEWLH FFR JQWWL
DELOLWLHY WKH RWHKHR WZRQBUHRDOURDQDIHPHQW  *$=
7KH ((* VLJQDO H[WUDEFEWHG IURP WKH VEFDOS VXUIDF
ZKLFK KDYH VWRFKDVWLF FKDUDEWHULVWLEV RI VLPLODU
RI EUDLQ IUHTXHQFLHV FDUU\ LDORSWNDR®XBQ VD EBRXWNVWIK H/ |
DQG EHWZHHQ LQGLYLGXDOV WKH DPSOLWXGHV DQG RFF.
7KH XVH Rl ((* EDVHG GHYLFHV KWKHEBGRPB F$HPHQD
ZHDUDEOH GHYLFHV DV EWSWRUHQY MKNLBRDWVRDQG D
XQFRQWUROOHG HQYLURQPHQWY DV ZHOO DV LQ QRQ Pl



EHLQJ WKH 1PX19RRVB\DRG (PRWLY S ZKLFK JHQHUDWH PHI
IUHTXHQF\ EDQGV RI EUDLQ ZDYHV %&,V RU %0,V E\ GH
VLIJQDOV WR FRQWURO FORVH ORRS V\VWHPV LQ UHDO WL
((* VLIJQDO KDV JHQHUDWHG RYHU VHYHUDO GHFDGHV GL
ODVW GHFDGH ZLWK WKH DGYDQFHPHQW RI WHFKQRORJ!
ZHDUDEOH GHYLFH LW KDV EHHQ SRVVLEOH WR SRSXODL
QRQ ODERUDWRU\ FRQWH[WVSDQ® HUQWUHHWE HFR® SH{S B W I
GHILQHG OHYHOV DQG VFDOHV E\ WKHVH HTXLSPHQW 628
5HJDUGLQJ EUDLQZDYH EPQOBSKWKHDYRAF¥FUBRYHDOSKD
DOSKD + +] KDV EHHQ WKH PDLQ SK\WLRORJLFDO LQC
KLJK DOSKD /, *DQW BF®$1ZKLFK LQGLFDWHV DOVR FRJQL
PDUNHU RI H[WHUQDO VWLPXOL VXSSUHVVLRQ FDSDEOH
92570%$11 .52// 387=( ,Q WKLY VHQVH WKHUH LV DQ
DURXVDO RQ WKH WRS GRZQ DWWHQWLRQ GLUHFWLRQ H]
WKDW UHGXFHV DQ[LHW\ DQG IDWLJXH 7KH LQGLYLGXDO
FRQWDFW ZLWK QDWXUH ZLWK WKH LQWHQWLRQ RI WUD
PHGLWDWLRQ DFWLYLW\ LQFUHDVHV WWHD®RZHU RI DOSK|
(YHQW UHODWHG SRWHQWLDOV (53V DUH EUDLQ HO
LQGLYLGXDOYV LQWHUQDO DQG H[WHUQDO VWLPXOL 7KHU
VWLPXOL DWWHQWLRQ LQ WHUPV RI DWWHQWLRQDO RULLH
RI FRIJIQLWLYH SURFHVVHV EXW DUH DOVR HDVLO\ DIIHFW!|
D IRFXV RQ WLPH GRPDLQ PRQLWRULQJ RI WKH ((* VLJQD
VWLPXOXV 6LQFH VLJQDO WR QRLVH UDWLR 615 RI ((* Pk
VLQJOH VWLPXOXV SUHVHQWDWLRQ XVXDOO\ GR QRW DOC
RI LQWHUHVW 6R (53V VSHFLILHVY DQ LPSRUWDQW UROH C
D VWLPXOXV 7KH WULJJHU IRU WKH SULPDU\ VWLPXOXV
SRWHQWLDOV ZKLFK DUH YDOLGDWHG LQ WHUPV RI WKHL
LQWUD RU LQWHU LQGLYLGXDO DVVHVVPHQW
BURPLQHQW )53 FRPSRQHQWYV PLJKW UHSUHVHQW LQ |
FRPSRQHQW FRQVLGHUV WKH DVSHFWV RI SURFHVVLQJ D
HITHFW REVHUYHG LV D SRVLWLYH YLVXDOO\ HYRNHG UHV:
RI WKH VFDOS ZLWK D SHPNDDWHWSBUBWPPQ RQVHW RQ D
YLVXDOO\ HYRNHG UHVSRQVH RQFH ODEHOOHG uODPEGD

(Ko}



3 FRPSRQHQW 7KH 3 FRPSRQHQW LV IROORZHG E\ WKH 1
LV ODUJHVW RYHU OHIW RFFLSLWDO SDULHWDO DQG WHP
PV DIWHU IL[DWLRQ RQVHW '(*12 /,9(56("*( )LJ
PLJKW LGHDOO\ EH UHYHDOHG LI GHFRQYROXWLRQ SURF
)53 GDWD VWUHDP UHFRUGHG DFURVYVY WZR VXFFHVVLYH IL
SFDUURW" DQG WKHQ RQ WKH ZRUG *MXLFH" DUH WDUJHW\

MXLFH ZLWK IUHVK IF\DHDBW\(*1FV W,19 U530 \* (
JROORZLQJ WKH 1 FRPSRQHQW D 3 FRPSRQHQW KDV
SRWHIOQREDKMUYHG ILUVW RYHU DQWHULRU DQG FHQWUDO
+ PVDIWHU IL[DWLRQ RQVHW EHLQJ PRGXODWHG E\
SUHGLFWDELOLW\ '(*12 /,9(56( *(

)LJ 7KH VROLG EODFN OLQH UHSUHVHQWY WKH ZDYHIRUP
1 3 WKDW UHVXOW IURP SURFHVVHYVY DVVRFLDWHG ZLWK
FRQWLQXHV ZKDW VKRXOG EH IRU WDUJHWYV '(*12 /,9(

$ YDULHW\ RI VSHFWUDO FKDUDFWHULVWLFV G\QDPLF
VLIQDO DV LQGLFDWLYH RI FRJQLWLYH YDULDWLRQ Z

if



FODVVLILFDWLRQ RI FRIJIQLWLYH ZRUNORDG 7KH ((* VLJQI
RI PHQWDO ORDG DURXVDO DWWHQWLRQ DOORFDWLRQ DL
SRZHU VSHFWUDO GHQVLW\ 36" RYHU WKHWDHVD @®KD DQC
/1,0 <(2 <221 0$*246W2DO 0$77+(:BW DO <,1 =+%1*

<8HW DO

7KH ((* IUHTXHQF\ EDQG SRZHU DQG PRUH VISHRATKHFQP
EDQG SRZHU DW IURQWDO HOHFWURGHYV DQG WKH ((* XSS
bW SDULHWDO HOHFWURGHY KDYH EHHQ VKRZQ WR EH VHC
LQ D YDULHW\ RI GLITHUHQW WDVNV VR IDU SUHGRPLQDQ
UHVHDUFK DV GHVFULEHG E\ 6&+$5,1*(5 6&+h/(5 *(5-(7
,QFUHDVHG PHQWDO SURFHVVLQJ GHPDQGV W\SLFDOO\ UF
HOHFWURGHY DQG GHFUHDVHG XSSHU DOSKD SRZHU DW
IUHTXHQF\ EDQG SRZHU LV W\SLFDOO\ WHUPHG HYHQW U
GHFUHDVH LQ IUHTXHQF\ EDQG SRZHU LV WHUPHG HYHQ
SURPLQHQW ZD\ WR H[SUHVV FKDQJHV LQ ((* IUHTXHQF\ E
LV WKH XVH RI WKH (5' (56 PHDVXUH 3)8576&+(//(5 /23
(5" (56 YDOXHV DUH FDOFXODWHG XVLQJ WKH IROORZLQJ |
EDQG SRZHU FRQGLWLRQ IUHTXHQF\ EDQG SRZHU EDVHC
SULQFLSOH WKUHH GLIITHUHQW EDVHOLQH VHOHFWLRQV D
XVLQJ D SUH VWLPXOXV EDVHOLQH E XVLQJ D VHSDUDWH
F XVLQJ D ZKROH WULDO FRQGLWLRQ DYHUDJH EDVHOLQF
FDOFXODWHG VHSDUDWHO\ IRU HDFK HOHFWURGH DQG HELC
VHOHFWLRQ Rl WKH EDVHOLQH IRDGFD®DFXRDWEQJIP(IKYB6
DozD\V EH DVVRFLDWHG ZLWK D SRVLWLYH RU QHJDWLY
3)8576&+(//(5 (5 DQG (56 DUH QRW H[SORUHG LQ UH\
FDQ EH LQIHUUHG E\ LQFUHDVLQJ DQG GHFUHDVLQJ RI ((*

,Q WKH FRQWH[W RI 95 VA\VWHPV VRPH ILQGLQJYV DUH S
LQ WKH GLVFXVVLRQ VHFWLRQ

x IRU GLITHUHQW OHYHOV RI D JDPH QR VID@QGILFDC
ZDYHV IRU WKH VXEMHFWVY EUDIHW ®DYOH SREKHOHG!
&2:/(< 5%$9%-% LGHQWLILHG GHFUHDVHG GHO
EDODQFHG ITURQWR KHPLVSKHULF DOSKD SRZHU LQ



x IRU GLIIHUHQW FRJQLWLYH ORDG GHPDQGV LQ WK
SUHGLFWRUV DUH IURQWDO DOSKD SRZHU DQG D
0$7+(:621HW DO

Xx LW LV HVWLPDWHG WKDW D KLJKHU OHYHO RI DW
SRWHQWLDO LQ IURQWDO HOHFWURGHV DQG L
SRWHQWLDO UHODWLYH7WRBEMWKBMDOSKD UK\WKP






%UDLQ ZDYHV ZHUH PHDVXUHG XVLQJ DQ 8OWUDFRUWF
IURP 2SHQ%&,5 7KHUH ZHUH FKDQQHOV DQG3WKH )S )
SRVLWLRQV ZHUH PHDVXUHG EDVHG RQ IMIQ6 &+ &\WARQY HP
FKDQQHO FRQRELWEGW®LDIDPSOH UDWH RI H]Q$XW  FKL
LPSHGDQFH SURPRWLQJ LPSHGDQFH PDWFKLQJ ZLWK WKH
ZHUH QXPEHUHG VHTXHQWLDOO\ VWBUWZIRJUHIRPHQ FRU
HOHFWURGHV HDU FOLSV ZHUH DWWDFKHG WR WKH HDU O
)L $ PDGH RI SODVWLF ZLWK D PHWDOOLF SULQW F
BOWUDFRUWH[ QRGHV ZLWK KDLU SRVLWLRQHG LQ WKH
)L J 7R UHGXFH GLVFRPIRUW& RRMDIWR UKD KD MB V L RLIV
IODW XQLW HOHPWDBBHWHGILQ QR KDLU SDUWV GLVWUL
ZHLJKWLQJ LW HTXDOO\ 7KHQ D EDWWHU\ SDFN LV SODF
ERDUG VLWH

)LJ 6SLNH\ XQLWV )ODW XQLWYV FRPIRUW XQLWYV DQ
ODUN ZHDUDEOH GHYLFH 3KHDGVHW ™ >6RXUF

"KWWSV VKRS RSHQEFL FRP FROOHFWLRQVDIWRIMQWE DJH S URGXDOFWE N VWHEUDG
-XQH

)L J VKRZV WKH FRQQHFWLRQ RI HDFK FRPSRQHQ\
XVHG WR UHJLVWHU[ (B RYLRULAFRIQLQRQ LLVW RI WKH H\H RQ V

-
(@}



SL[HOV 7KH UROH VFUHHQ ZDV WKH $2, LQ WKLV H[SHUL
UHFRUGHG RQH WLPH V\QERKURRLOB® @D \DHWLPHW W PKSH O
RIIOLQH IDVKLRQ %RWK VLJQDOV DU DSBRBOGAKGHNQ WI
&RQVWDQW UHFRUGLQJ GXULQJ W R/HSRAKIVHIR @ RNV DW

HQYLURQPHQW DQG WKHLUD@LEBRPWILRQ DAKW LWHEIDN B 9\ GH G
PHDVXUHPHQWY DUH UHJLVWHUHG IRU WKH DWWHQWLRQD

)LJ 6WXG\ I[IUDPHZRUN FRPSRQHQWYV

$ PHWKRG EDVHG RQ WKH UHFRUGLQJ RI WKH UHVWLQ.
SUHVHQWHG LHQRPKWKH VIWXGGLITHUHQW IUHTXHQF\ EDQGYV
EDQGYV WKHWD DOSKD DQG EHWD 7KLV FKRLFH KDV EHH
DUH PRUH SUHVHQWHG LQ WKH GHHSLWYQUKHS VQUX\GW DDAHG W
WKH JDPPD EDQGY WHQG WR EH PRUH DIIHFWHG E\ QRL

IUHTXHQF\ RI +] DQG DUH DOVR PHUJH ZLWK EHWD |
FRQWULEXWLRQ EHLQJ PLQRUV 7KLV PHWKRGROBRO\ PHUJ
/,0 <(2 <221 ZRUNYV

$ 95 (QYLURQPHQW ZDV GHYHORSHG DW 17%$ 8)8 DQ DV\
LQVLGH 8)8 7KLV 95 (QYLURQPHQW FKHFNHG IRU 95 H[HU.
IRU XSSHU OLPE UHKDELOLWDWLRQH®XDOSRYV HWF KZHIYUSBJ ' (
JRRG WUDFNLQJ DFFXUDF\ VLPSOLILHG XVH DQG SUDFYV
DVVLVWDQFH JUHDWHU DFFHVVLELOLW\ WKDQ FRPPHUFLLEL
IDVKLRQ XVLQJ WKH ZHEFDP IURP WKH ODSWRS 6HH )LJ
WKH WUDFNHG SDUW WRFRBRQRWURIOWKKIHIBXHWM BBLQHG E
*LSLQJ WKH FRORUHG EDOO WKH SDWLHQWRBED®WLFHYV \



PRYH GLUHFWV WKH DYDWDU WKURXJK WKH GHVLUHG SDW
ZKHUH WKH DYDWDU PXVW FDWFK DV PDQ\ IUXLWYV DV LW |

7KH UROH SDWLHQWIfV SOD\ ZzDV WR DFKLHYH UHKDE
FRQVHUYDWLYH IDVKLRQ 7KH 95 HQYLURQPHQW ZDV GHVL
HW DO ZRUN )AMHBIGRBMHYHORSHG LQ 8QLW\S ' SODWIRU
PRGLILFDWLRQV WR HOXFLGDWH HDFK SDUW RI WKH VWLP
FRPPHQWY IURPHWOD&2 ZRUN DVHW*DBD ZRUN ,Q WKH
HISHULPHQWDO SURWRFRO FRQVLVWLQJ RI VRPH JDPHV E
XSSHU OLPE JULS IXQFWLRQ KDQG DQG IRUHDUP PRYHP
FRPSOH[ JHVWXUH

)LJ 6FUHHQ YLHZ ZLWK IHHGEDFN VLJKW

7KH H[SHULPHQWY ZHUH FRQIBXRWHREGH® \WKH FRBTGHLHE
DQG6XVS$YyLJ 5(67VWDWH LV D FRQFDWHQDWLRQ RI (\HV 2
,PPHUVLRQ ZLWK QR FRPPDQG RYHU WKH DYDWDU 7KHVH
HYDOXDWLRQ RI (7 DQG ((* VLIQDO GDWD E\ WKHLU VLPL
LPSURYHG PHUJLQJ WKRVH H[SHULPHQWDO SKDVHV



)LJ 6WXG\ IUDPHZRUN GHWDLOLQJ SUHSDUDWLRQ SKDVH L
5HG SDUWN MNRWPWH 59 ,PPHUVLRQ 6HOHGEMQAYW SWRY B QW L5RQ |
,PPHUVLRQ 6XVWDLQHG6WWM OQOWHRQ FRQVWLWXWH

QWKLY HQYLURQPHQW D PLQ WDVN 5(67 LV SHUIF
DWWHQWLRQ WDVNV GXUDWLRQ

+ UHOD[B{SIZRQ

+ VHOHFWLYBHOSWHQWLRQ

$ VXVWDLQHGXOWSWHQWLRQ

7KH DWWHQWLRQ VWDWHY KDG QR ORQJHU GXUDWLRQ
SDWLHQWY GXULQJ SLORW VWXGLHV 7KH SDWLHQWYV ZHU!
VKRXOG WRXFK WKH IORRU DW D 7 DQJOH DW WKH NQHH
FRQFOXGHG WLPHV WKH VWLPXODWLRQ SKDVH GHWDLOH
SDWLHQW DQVZHLUGD® GV KIBEABRANY MWW HQWLRQ GHILFLW
%$'"'6 IRU XVHOLR. S8LPEW DO
%$''6 LV D VHOI UHSRUW TXHVWLRQQDLUH WKDW LV )
SRVVLEOH FDVH RI $'+' 7KH TXHVWLRQV LQ %$''6 DUH QRV
K\SHUDFWLYLW\ LPSXOVLYLW\ VIPSWRPV EXW LQVWHDG
DUHDV WKURXJK TXHVWLRQV 7KHVH HMYB®UHDV DUH D
RUJDQL]LQJ DQG SULRULWL]LQJ ZRUN DQG DFWLYDW
IRFXVLQJ RQ WDVNV VXVWDLQLQJ WKLV IRFXV DQG
UHJXODWLQJ DOHUWQHVY DQG VXVWDLQLQJ HIIRUW
PDQDJLQJ IUXVWUDWLRQ DQG PRGXODWLQJ HPRWLR
XVLQJ ZRUNLQJ PHPRU\ DQG DFFHVVLQJ UHFDOO
(DFK TXHVWLRQ KDV D SRVVLEOH VFRUH IURP WR
RYHUDOO VFRUH DUH WKH KLJKHU WKH ULVN LV WKDW WK
FRPSOHWH WKH %$'"'6 TXHVWLRQQDLUH DUH FODVVLILHG
XQOLNHO\ WR KDYH $'+' LI WKH VFRUH LV OHVV WKDQ L
LIWKH VFRUH LV EHWZHHQ DQG DQG LLL KLJKO\ OLN
VFRUH LV DERYHHW D308 % 2
$656 LV FXUUHQWO\ WKH PRVW DFFHSWHG DQG PRVW ZL
IRU VFUHHQLQJ IRU $'+' V\RBWPPV .7&6/ (5XHVWLRQQDLUE
GLUHFWO\ DERXW WKH H[LVWHQFH RI LQDWWHQWLRQ K
FRQVLVWVY RI  TXHVWLRQV ZLWK VFRUHV IRU HDFK TXH\
WKDW QR V\PSWRPV ZHUH SUHVHQW ZLWKLQ WKH ODVW



VIPSWRPV ZHUH SUHVHQW ZLWKLQ WKH ODVW VL[ PRQW
TXHVWLRQQDLUH VLPLODUO\ WR %$''6 FODVVLILHV SDWL
ULVN RI $'+' 3DWLHQWV ZLWK VFRUHV EHWZHHQ DQG
ZLWK DQ XQOLNHO\ ULVN RI KDYLQJ $'+' SDWLHQWV ZLW
FRQVLGHUHG WR EH LQGLYLGXDOV ZLWK D OLNHO\ FKD
LQGLYLGXDOV ZLWK VFRUHV RI DQG RYHU DUH FRQVLG
KDYLQJ $'+' .$.8W2DO 2QO\ RQH SDWLHQW LQ RXU FDVI
VFRUH RYHU IRU $656 DQG VFRUH IRU %$''6 L H VLJQ\
WR ZRUN ZLWK RQO\ WKLV GDWD IRU IHDWXUH H[WUDFWLF

7R DVVHVV DWWHQWLRQ YLVXDO VWLPXOL UHODWHG V
IURP WKH VN\ DQG ODQGLQJ LQ D SODFH LQGLFDWHG E\ OL
WR ORRN LQ LWV GLUHFWLRQ ZLWKRXW PRYLQJ WKH KHDC
WKLUG WDVN LV WKH DSSDULWLRQ RI D IFQR R\EKH) VW ORI® WRLI
DWWHQWLRQ WDVN WKH SDWLHQW FDQ RQO\ JUDE EDQD
VXVWDLQHG DWWHQWLRQ RQQ@\HRDO\ WUDE RH & WU R X\U XAR D
WLPH HODSVHG EHWZHHQ WKH WDUJHW DSSDULWLRQ DQG
WKH WDUJHW ZDV QRW PHDVXUHG LW YDULHV JUHDWO\ L
ZHOO DV D EXWWRQ UHJLVWHU PDGH DW HDFK IUXLW FDW
VRPH ((* GDWD DGGHG DUWLIDFWV WR LW

42 OGAMA MEASUREMENT

(\H WUDFNLQJ GDWDWXY[QRCOORZHG E\ WLPH LQIRUPDW
GDWD IRU 2*$0$ FDOFXODWLRQV 6RPH GHWHFWLRQV DUH
J)LIDWLRQ GHWHFWLRQ 7KH IL[DWLRQ FDOFXODWLRQ
DOJRULWKP SXEOLVKHG E\ /&7 7 NMHERQHR DRE LER/F
J)LIDWLRQ6RXUFHFRGH KWP ,W LV D GLVSHUVLRQ W\SH
6$/98&&, *2/'%(5* 7KH VRXUFH FRGH LV SRUWHG WF
HVWLPDWLRQ VXSSRUW EXW RWMK if KIDRQUINHLGY J 9 $16ré. @Y (SO H
7KLV LV GHVFULEHG LQ WKH VRXUFH FRGH GRFXPHQV

837KH IXQFWLRQ GHWHFWYV IL[DWLRQV E\ ORRNLQJ

PHDVXUHPHQWY WKDW UHPDLQ UHODWLYHO\ FRQVWDC
FLUFXODU UHJLRQ DURXQG WKH UXQQLQJ DYHUDJH RI
HIWHQGHG WR LQFOXGH WKH QHZ JD]JH SRLQW 7KH UL



DERYH XVHU VSHFLILHG PD[LPXP GLVWDQFH 7R DFFRI
JDJH SRLQW WKDW H[FHHGV WKH GHYLDWLRQ WKUHVKF
LI WKH VXEVHTXHQW JD]H SRLQW UHWXUQV WR D SRV
SRLQW LV QRW IRXQG GXULQJ D EOLQN IRU H[DPSOH
OHJLWLPDWH JD]J]H SRLQW PHDVXUHPHQW IDOOV ZLWKL
DUH OHVV WKDQ WKH DERYH PLQLPXP QXPEHUV RI VD
SRLQWYV 2WKHUZLVH WKH SUHYLRXV IL[IDWLRQ LV FRC
SRLQW PHDVXUHPHQW VRXUFHZZZEROBHH FEBHAVFULS
GRF )LIDWLRQ6RXUFHFRGH KWP °

3ULRU WR WKH IL[DWLRQ FDOFXODWLRQ WKH IL[DWLR¢
ILOWHU ,Q WKH ILUVW VWHS HPSW\ YDOXHV DUH LJQRU
EHFDXVH RI WKH GLIIHUHQW VDPSOLQJ UDWHV RI WKH JD]
RPLW VDPSOHV ZLWK ERWK [ DQG \ FRRUGLQDWHY HTXDO
RXWSXW GXULQJ D EOLQN DQG WR RPLW VDPSOHV WKDW

,Q WKH H[SHULPHQWDO VHWWLQJV RQH PXVW VSHELI\

WKH PD[LPXP GLVWDQFH LQ SL[HOV WKDW D SRLQW I
SRLQW WKDW LV VWLOO FRQVLGHUHG WR EH D SDUW RI W
VDPSOHV WKDW GHILQHV D IL[DWLRQ 'HSHQGLQJ RQ WK}
UHVHDUFK GRPDLQ WKHVH KLJKO\ LQWHUGHSHQGHQW S
9266.h+/(5HW DO

7KH DWWHQWLRQ PDSV DUH FDOFXODWHG DV DJJUHJEL
IL[DWLRQ LQ D VWLPXOXV VOLGH 7KH VXPPHG *DXVVLDQ
RULJLQDO VWLPXOXV VOLGH 'RLQJ WKLV DOORZV D TXLFI
DQG XQYLVLWHG ORFDWLRQV RQ WKH VWLPXOMYRVOLGH
GLPHQVLRQDO *DXVVLDQ NHUQHDDEZOW KD B ® XH/G\LIEIDED N P\R
IL[DWLRQ GLVWULEXWLRQ ODQGVBDSMYQ CLDNEG 0G FINDE WILDRX
DQ LVRWURSLF GLVWULEXWLRLY HQ KE\ VDI VILRDOD RAH DI H (
9266.h+/(HW DO

a 64a

BT a;UL@je—f TAUFD RO

7KH VWDQGDUG GHYLDWIMRQ (IVFKQY\DHOXGD RIOW K HW WWHP 3
LV PXOWLSOLHG IRU HDFK IL[DWLRQ ZLWK D IDFWRU WKD\

(s}



7KLV IDFWRU UHSUHVHQWYV WKH ZHLJKWLQJ RI WKLV IL[D\
WKHQ DGGHG WR D VWLPXOXV VL]HG DUUD\ DW WKH SRVL
WKH ZKROH DUUD\ LV QRUPDOL]J]HG 7KH UHVXOW LV D VW
7KLY ODQGVFDSH FDQ EH HDVLO\ WUDQVIRUPHG LQWR D
JUDGLHQW 7KH XVHU FDQ FKRRVH WKH VXEMHFWYVY WR LQF
WKH FDOFXODWLRQ VKRXOG EH EDVHG RQO\ RQ WKH ILUV
DQVZHU TXHVWHRAVGERHNHWKH DYHUDJH VXE@&HMWKDYH L\

ORFDWLRQV RI WKH VWLPXOXV DUH QRW6Q MWAL(BIMG E\ WKI
DO

4.3 SIGNAL PROCESSING

$ VWXG\ IORZFKDUW RYHUYLHZ LV VHHQ LQ )LJ

)LJ 6WXG\ IORZFKDUW

43.1 HLTERING THE DATA

7KH )LJ VKRZV JUDSKLFDO H[SODQDWLRQ RI WKH
SDVV EDQG VWRS EDQG DV ZHOO DV WUDQVLWLRQ EDQG"



)LJ J)LOWHU W\SHV DQG IUHTXHQF\ UHVSRQVH
KWwWSV HHJODE RUJ WXWRULDOV B3UHSURFHVYV )I

,Q WKH GHIDXOW :LQGRZHG 6LQF ILOWHU ((*/$%S '(/2
XVHG LQ WKLV WKHVLVY WKH VWDUW YDOXHV WKHUH IRU W
IRKLIJK SDE® QGSIRW FXWRII  +] W R RI EXWRII IUHTX
DQG WR +] IRADQGYMKRISFEDNHLF UXOH LV WR KDYH WKH WL
UROO RII VRIW DV SRVVLEOH WR DYRLG DUWLIDFWV EXW

7R UHPRYH OLQHDU W UKLQ & SID DWWV H V +& B ¥ S GLEDB/OHHUW @ J
WKH GDWD DW +] LV UHFRPPHQGHG WR REWDLQ JRRG T
*5$0%$11 /IRZSDNOWWHULQJ KLJK IUHTXHQF\ QRLVH LV DO
VLIQDO OISOIWWIEMIR®KH] WR  +] ((* GDWD ZHUH SUHSURF
0$7/$% 5 D ODWKZRUNV 1DWLEFN 0% 8QLWHG 6WDWHYV
YHUVLRQY8SDUFK6ZDUW] &HQWHU IRU &RPSXWDWLRQDO 1F
&$ 8QLWHG 6WDWHV DQG LWV H[WHQVLRQV LQ FRPELQD'
3\WKRQ -XS\WHU /DE VFULSWYV

'DWIDVIUDJPHQWHG LQWR WKH VHFWLRQV LQGLFDWHG
VWLPXODWLRQ LQ DOO WULDOV SHUIRUPHG E\ WKH SD!
EHWZHHQ DFWLYLW\ EORFNV ZHUH UHPRYHG 7KH GDWD :

((*/1$%S KLJK SDVV ILOWHU DW Zl]Q@REHGMDLAGDY & I((®
IURP WKH JLUILOW SOXJ LQ Y ZLWK D FXW RIlI IUHTXHQ
ULSSOH WUDQVLWLRQ EDQG +] DQG VID@PHIDLMYJ [UHT

JHURSKDVH KDPPLQJ ZLQGRZHG V\QF ),5 FXWR]JII VWRG®HDQ&] W



+] SDVVEDQG +] PD[ SDVVEDQG GHYLDWLRQ
G % 7KH VLJQDO ZDV ORZ SDV&KROW HBHEGIMS U +] E\ V
ZLWK FDXVDO DQDO\VLV PDUNHG WR DLG LQ IXWXUH FRQ
+] WUDQVLWLRQ EDQGZLGWK RI +] DQG LWV RUGHU
JLJKW FOHDQLQJ WKH GDWRQGHBQO5$:GDWRSWOQRQ$ES DQ
$1'5($6 ("*$5 .27 +( ZLWK UHPRYDO Rl EDG FKDQQHOV
DQG UHFRQVWUXFWLRQ RI FRQWLQXRXV GDWD ZLWK PL
DGRSWHG DW ,Q WKH UHFRQVWUXFWLRQ RI FRQWLQX
GHPDUFDWHG LQ SODFH RI WKH UHPRYHG GDWD 7KH V
DQG LQWHUSRODWLQJ WKH UHPRYHG FKDQQHOV WKURXJK
WKHQ DQDO\]HG E\ LQGHSHQGMQ BHIRFASR QOQWNH ,&$/$%

WRROER[ ZLWK SFD GXH WR FRPSRQHQW DGGHG E\
ODEHOOHG I10DJJHG DQG UHPRXMHDQ 54K B8 DWDRD@G6 B\6HS \
SHUIRUPHG (SRFKV H[WUDFWHG > @PV LQWHUYDO

EDVHOLQH UHPRYDO 6HH )LJ

)LJ BUHSURFHVVLQJ DQG IHDWXUH H[WUDF

JRU ((* (SRFKLQJ )L[DWLRQ UHODWHG SRWHQWLDO )5
GXUDWLRQ SRVW D JD]JH EHWZHHQ VDFEDGHV DQG ((* GD
H[WUDFWLRQ DQG WKH IROORZLQJ FODVVLILFDWLRQ (SRF



/TRDVVHVV WKH LQIOXHQFH RI GLITHUHQW WKUHVKROG RQ '
PV WR PV DV ILIDWLRQ LQWHUYDO ZLWK D VWHS RI PV

43.2 FEATURE EXTRACTION FROM EEG SIGNAL

7KH FOHDQHG ((* VLIJQDOV DUH DQDO\]HG IRU VSHFWU
WUDQVIRUP ))7 $Q HBRFKLOYDQHQKW RWR D +] UHVROXW
DXWR VSHFWUDO DQG FURVV VSHFWUDO DQDO\VLV RYHU
HSRFK 7KH HSRFK OHQJWK LV WKHQ DQDO\]H& E\ DGYDQF
RYHUODS EHWZHHQ DGMDFHQW ZLQGRZV 7KH DEVROXWH
EDQGV RI LQWHUHVW WKHWD + +] D®YKIG WR H]W UDHRA
IHDWXUHV VXFK DV UHODWLYH SRZHU UHODWLYH SRZHU
DV\PPHWU\ ,W LV FDOFXODWHG DV DYHUDJH SRZHU RI D
XVLQJ ERWK :HOFK DQG WKH OXOWLWDSHU VSHFWUDO HVV

7R FRPSXWH 3RZHU 6SHFWUDO 'HQVLW\ 36' :HOFK \
FRQVHFXWLYH )RXULHU WUDQVIRUP RI VPDOO ZLQGRZV
DSSOLHG 7KH :HOFK V PHWKRG LPSURYHV WKH DFFXUDF
VSHFWUDO FRQWHQW RI WKH ((* FKDQJHV RYHU WLPH F
DFWLYLW\ DW SODRNBWMNUQVEHVUKHHOBSHFWUDO HVWLPDW
UHTXLUHV WKH VSHFWUDO FRQWHQW RI WKH VLIJQDO WR |
WLPH SHULRG FRQVLGHUHG 7KLV GRHV QRW KDSSHQ LQ ((
DQG FRQWDLQV WRR PXFK YDULDQFH %\ DYHUDJLQJ WKI
VHPHQWYV RI WKH ZLQGRZV WKH :HOFK V PHWKRG DOORZV
9$//$7 7KLV FRPHV DW WKH FRVW KRZHYHU RI D
,QGHHG WKH IUHTXHQF\ UHVROXWLRQ LV GHILQHG E\

o aoa L L2
(a(Z)aeaI’Sng-U—@a nC c

ZKHWHYV WKH VDPSOLQJ IUHTWKB FV RW V& ) XPEGBIDCR | VD
WKH GXUDWLRQ LQ VHFRQGV RI WKH VLJQDO )RU H[DPE
RI GDWD VHFRQGY WKH ILYDO IUHTHQ@RLRKHVLROXW.L
IUHTXHQF\ ELQV SHU +HUW] %\ XVLQJ D VHFRQG VOLGLQ
UHVROXWLRQ LV UHGXFHG WR IUHTXHQF\ ELQV SHU +HL
9%//%$7



JRU WKH FDOFXODWLRQV GRQH LQ WKLV ZRUN WKH FI
OLGEDQG SRZHU FRPSXWLQJ $EVROXWH SRZHU WKH DL
SDUDERODV DQG WKHQ VXPPHG WKH DUHD RI WKHVH SDU
WUDSH]H WUDSH]RLGDO UXOH RU D UHFWDQJOH DV LQ
SDUDEROD XVXDOO\ JLYHV EHWWHU HVWLPDWHYV

&RPSDULQJ WKH OXOWLWDSHU OHWKRG DQG :HOFK V 0OF
ZLWK VLIQDOV ZLWR ®BLYRRWGD WL DWKH FDVH RI WKLV VW?
QRLVNY 0OXOWLWDSHU DOZD\V SURYLGHV D PRUH UREXVW V.
$V WKH SUHVHQWHG VLJQDO LV SUH SURFHVVHG LQ VHY
EHWZHHQ WKH WZR PHWKRGV 7KH VLJQDO KDV DQ H[FHOO
RI WKH 0OXOWLWDSHU PHWKRG FRPSDUHG WR WKH HOFK
VSHFLI\ D ZLQGRZ GXUDWLRQ DV LW ZLOO EDVLFDOO\ FDO

VLIQDO 6HH )LJ DV H[DPSOH RI DEVROXWH SRZHU
FRPSDULVRQ JUDSKLFV KHOS ZLWK 9%$//$7 FRGH :HO
$3 LV X900 DQG OXOWLWDSHUTVY PHWKRG $EVROXWH 3F

)LJ 'HOFK DQG 0OXOWLWDSHU OHWKRGV FRP

7KH UHODWLYH SRZHU 53 LV GHULYHG IURP WKH DEVR
LH DV WKH SRZHU LQ D VSHFLILF IUHTXHQF\ EDQG GLYLG
SHODWLYH SRZHU LV FRPSXWHG IRU DOO ILYH IUHTX
HOHFWURGHY UHPRYLQJ EDG FKDQQHOV JLYLQJ ULVH WR

10



EDQGWOHFWURGHY 7KHVH IHDWXUHV DUH FRPSXWHG IR
OHYHO RI WKH H[SHULPHQW

Eaeg@a» Oax
[acOR Eacoa

42L

/KH UHODWLYH SRZHU UDWLR LQGLFDWHYVY WKH GRPLQL
,Q WKLV VWXG\ IRXU UDWLRV EHWZHHQ WKH SRZHUV RI
LPPHUVLRQ LQGH[ EHWD WKHWD WKHWD EHWD DQG 60

EHLQJ 605 +] OLG +] ITURP [,0 <(2 <221 ZRUN
DUH FDOFXODWHG DFURVYVY HYHU\ HOHFWURGH 7KH UDWL
IUHTXHQF\ EDQGV ,Q WKLV PDQQHU D WRWDO RI UDW

HOHFWURGHYV VDRW 5 ISDWH\H @ W DV HY( R \§ KEGBK/ISOLP HQW

7KH DV\PPHWU\ LV D FRQQHFWLYLW\ PHDVXUH WKDW
EHWZHHQ WZR EUDLQ ORFDWLRQV 7KH DOSKD DV\PPHWU\
LQGH[ = IURQWDO DOSKD DV\PPHWU\ +* LW LV D SC
KWWSV JHQRGR RUJ EDGJHWDWHGWWRUPLQHG E\ FRQV
GLIIHUHQFH EHWZHHQ WKH DPSOLWXGH Rl WKH VLJQDOV
DPSOLWXGHV DV VKRR QIGDUTH WKHEKHUWWDQWDQHRXV DP
JLYHQ VLJQDOV

#OUIIAPN—Ei—g

JURQWDO DOSKD DV\PPHWU\ )$$ UHIHUV WR D GLIIHUF
ULJKW DQG WKH OHIW SUHIURQWDO FRUWLFHV RI WKH EU
VFRUH EHWZHHQ FRUUHVSRQGLQJ ULJKW DQG OHIW HC
.52*0(,(5 &29(175< 0286%$6 )$$ UHIOHFWV WKH GLIIF
WKH ORJ DOSKD SRZHU GHQVLW\ LQ WKH FRUUHVSRQGLQ.
WKH KLJKHU WKH )$$ VFRUHV WKH ORZHU WKH DPRXQW R
DFWLYLW\ LQ WKH OHIW KHPLVSKHUHV IRU D SDUWLFXO
IUHTXHQWO\ LQ ROGHU DGXOWVY UHODWLYHO\ JUHDWHU O
OLQNHG WR IDFHWV Rl ZHOO EHLQJ LQFOXGLQJ OLIH VD
$//(1HW DO :KLOH UHGXFHG )$$ UHODWHV WR FXUUHQW
DGXOWY DQG LV VHHQ LQ RIIVSULQJ RI PRWKHUV ZLWK ¢
VXJIJHVWLQJ D SRWHQWLDOO\ WUDQVPLWWWEDD®M PHFKDQL

oi



43.3 SATISTICAL ANALYSIS

$00 $129%V WHVWV ZHUH FDUULHG RXW LQ 67%$7,67,&$%$¢
DIWHU QRUPDOLW\ WHVW FRQILUPDWLRQ )RU SRVW KRF S
Rl WKH $129%$ DOO S YDOXHV ZHUH %RQIHUURQL +ROP FRL
7XNH\YV WHVW ZDV WDNHQ WRR /HYHO RI VLIJQLILFDQFH
SDUWLDO HEWDVWUNXKBRHWHG DV D PHDVXUH RI HIIHFW VL]H

oi






X

'XUDWLRQ V GXUDWLRQ RI WKH WULDO LW PD\ YDU
*D]JH ILIDWLRQV Q QXPEHU RI 2D$OSL[DWLRQV LGHQ
*D]JH IL[DWLRQV IUHTXHQF\ Q V QXPEHU RI IL[DWLR(
J)LIDWLRQV GXUDWLRQ PHDQ PV DYHUDJH WLPH RI |
$YHUDJH 6DFFDGHDMHUIDNK SPWK OHQIJWK LQ SL[HC
IL[DWLRQ SRLQWYV

$YHUDJH 6DFFDGH 9HORFLW\ S[V DYHUDJH SDWK C
VHFRQG EHWZHHQ WZR IL[DWLRQ SRLQWYV

J)LIDWLRQ 6DFFDGH UDWLR QXPEHU RI IL[DWLRQ YV V\

7TDEOH + (\HWUDFNLQJ GDWD IURP DOO WULDOV

7TUL

'XUDW *D]H *DJH )L[DWLR $YHUDJI $YHUI )L[DWL
v JL[DWLR )L[DWI GXUDWL 6DFFDG| 6DFF[ 6DFFD(
Q IUHT PHDQ P /HQJWK 9HOR UDWLR

QV S[ V

5(67 £+ WULDO QXPEHU

OHD

60 + WULDO QXPEHU

OHD

6 X$/7

OHD

+ WULDO QXPEHU

7KH K\SRWKHVHV DUH DV IROORZV IRU WKH RQH zZD\ $1
DPRQJ WKHPVHOYHYV

+

7KHUH LV QR GLIIHUHQFH EHWZHHQ(6WRIQGYDULDE

6HO$7 6XV$7

+

7TKHUH LV DQ LQFUHDVH LQ WKH DQDO\]HG YDULDE

FRPSDUHG WRS{#KH VWDWH RI

7KH REWDLQHG YDOXHV UHMHFW WKH QXOO K\SRWKHYV
JD]H ILIDWLRQV DQG JD]H ILIDWLRQV IUHTXHQF\ YDULDEO
D GLIIHUHQFH EHWZHHQ WKH PHDQV 7TKH DOSKD YDOXFE



SUREDELOLW\ REWDLQHG LQ WKH FRPSDULVRQ EHWZHHQ
WR RU OHVV WKDQ VR WKDW WKH GLIIHUHQFH LV VYV
IL[DWLRQV DQG WKH JD]H IL[DWLRQV IUKBTEMQFG ERWRDOC
DWWHQWLRQ VHOHFWLYH DQG VXVWDLQHG ZKHQ EFRPS
WKHPVHOYHV QR VLJQLILFDQW GLIIHUHQFEH RFFXUV

7KH WZR IDEFWRULDO UHSHDWHG PHDVXUHV $129$V WK
IL[DWLRQV Q GDWD )L3(67VWDMWHDOPBGLIRYIWHEW RI1 JD]H
) S 1RPDLQ HIIHFW Rl WKH WULDO ZDV REVHUYF
3RVW KRF SDLUZLVH FRPSDULVRQV RI WXH @®PUWQ MHHHFEW
IL[DWLRQV QXPBRUFIRRSWHHG WR ESW K WK 1D @6V WK H
S VWDWHV

)LJ *D]H IL[DWLRQV ER[ SORWV IRU VWDWH\

7KH WZR IDFWRULDO UHSHDWHG PHDVXUHV $129%V WK
ILIDWLRQV IQWHTGONKDF\)LJ UHYHDOHG WKDW WKH ) WH
VWDWHYV ) S ZKLFK GLG QRW RFFXU ZLWK WHEK
7KH FRPSDULVRQ EHWZHHQ WKH PHDQV RI WKH VWDWHYV \
VWDBWHVYV 6HO$7 DQG S5ZKLKFK ZOAMWORW REVHOHMHE EHW ZH
YV 6XVW/FDQ EH FRQFOXGHS(6WKHUHHILRWDH WK WM I/ WWYW HD
D VPDOOHU QXPEHU RI JD]JH ILIDWLRQ V FRQVHTXHQWO\ 1
WKH VWDWHYV LQ SDLUV EXW DFFHSWLQJ LW UHJDUGLQJ W



)LJ *D]JH IL[DWLRQ IUHTXHQF\ ER[ SORWYV IRU VYV

7KH WZR IDFWRULDO UHSHDWHG PHDVXUHV $129%V WKL
VDFFDGH OHQJWK S[ GDWD )LJ UHYHDOHG WKDW WK
S DQG DFURVV VWDWHYV ) S 7KH
PHDQV RI WKH VWDWHY VKRZV VLIQULEIFDPWOQW KQ$IHD G Q FBH E 7
YV 6XVZKLFK ZDV QRW REVHBWBOG7EWHW BMVE['S WDWHHE 7K+
FRPSDULVRQ EHWZHHQ WKH PHDQV RI WKH WULDOV VKRZ)
YV DQG YV ZKLFK ZzDV QRW REVHUYHG EHWZHHQ W
OHQJWK GHFUHDVHYV DV VWDWHY JR R (6WUHDKQUW KQU MR L
WKH wuLbov SUHVHQWHG D KLJKHU DYHUDJH VDFFDGH
K\SRWKHVLY DPRQJ WKH VWDWHY DQG DPRQJ WKH WULDO

)LJ $YHUDJH VDFFDGH OHQJWK ER[ SORWV IRU



7KH WZR IDEFWRULDO UHSHDWHG PHDVXUHV $129%V W
IL[DWLRQ VDFFDGH UDWLR GDWD )LJ UHYHDOHG WKD
) S ZKLFK GLG QRW RFFXU ZLWK WKH WULDC
FRSDULVRQ EHWZHHQ WKH PHDQV Rl WKH VWDWHYV VKRZV
VWDBWHVYV 6HO$7 DQG 5ZKLFK ZOXNQRW REVHENGIST EHW Z H
YV 6X\D®7 H[SHEFWHG ,W FDQ WK H K6 RWW DEWH FRIDIFQXG QG \

WULDOV SUHVHQWHG D KLJKHU YDOXH WKXV UHMHFWLQ
DFFHSWLQJ WR WULDOV

)LJ JLIDWLRQ 6DFFDGH ER[ SORWV IRU VWDV

52 PSDAND INDEXES

JLIXUHV DQG VKRZ WKH )RXULHU WUDQVIRUPDWL
SRZHU RI WKH 7TKHWD $0OSKD DQG %HWD EDQGV RI WKH S
DV GHVFULSWLYH DQDO\VLV5(6V6WIORXKEBEIW RAVDOIMHWH R || R D FM
EDQG )LJIXUH VKRZV WKH UHODWLYH SRZHUV RI WKH 7
5(676HOPIBEXVIMVWDWHY )LIXUH VKRZV WKH &RQFHQWUL
Rl WKH DEVROXWH 65K 6 $ABER/ AW IPOMN HV 57K U DO B
6XVWMWDWHY IRU HDFK EDQG DQG WKH PHDQ DEVROXWH S
UDWLRV RI WKH WULDOV LQ HDFK GAKOEXBH U $DW B WFHRWP S D L
DQG SIWKHWWDWH &KDQQHOV DUH UHVSHFWLYHO\ )S )!
) ZHUH H[FOXGHG GXH WR DUWLIDFWV DQG EDG 615 UDWL



)LJ $EVROXWH PHDQ SRZHU IRU WULDOV DW HDFK E



)LJ VKRZV WKH $EVROXWH 3RZHU IRU HDFK ((* )UH
GHPRQVWUDWHY WKH QDUURZHVW YDULDWLRQ VKRZLQJ
GHFUHDVHYVY LQ WKH DWWHQWLRQ VWDWHYV FRPSDUHG WR
6HO$7 VWDWH LV D ELW PRUH SURQRXQFHG $Q LQFUHDVE
VHHQ6 HRAUP/IQEXV VLW XDWLRQV RI PHQWDO ORDBXGL FKDQJH
=+$1*

7KH $129% RQH ZzD\ W WHVW ZDV FRQGXFWHG IRU S !
FKDQQHOV UHJDUGLQJ RQO\ $SEVROXWH 3RZHU PHDVXUHV
DPRQJ WKHP H[FHSW YV DQG YV IRU 7TKHWD $EVR
$129%$ GLG QRW ZRUN GXH WR RXWOLHUV )RU %HWD SRZHI

YV GLG QRW SUHVHQW VLJQLILFDQW VWDWLVWLFDO GL

)LJ $EVROXWH PHDQ SRZHU IRU WULDOV %R[ SORW



)LJ SHODWLYH SRZHU 53 IRU HDFK EDQG DQG HDI



yLJ 7% % 7 DQG &RQFHQWUDWLRQ LQGH[HV IRU HI



2QH zD\ UHSHDWHG PHDVXUHV $129% 5 HSHDWHG OHDV>
HIWHQVLRQ RI WKH SDLUHG W WHVW XVHG LQ WKH IROOF
ZLWKLQ VXEMHFWYV $129% RU $129% IRU SDLUHG VDPSOHYV
UHVHDUFK GHVLJQ WKDW LQYROYHV PXOWLSOH PHDVXUH)
VXEMHFW HLWKHU XQGHU GLITHUHQW FRQGLWLRQV RU PR
w WHVW FRPSDUHG WKH PHDQV EHWZHHQ WZR GHSHQGH(
WKH PHDQV EHWZHHQ WKUHH GHSHQGHQW JURXSV WKH R

7KH K\SRW/KH\DH/ IROORZV

+ WKHUH LV QR GLIIHUHQFH EHWZHHQ WKH DQDO\]HC
6HO$7 6XV$7

+ WKHUH LV D GHFUHDVH LQ WKH DQDO\]JHG LQGH]
FRPSDUHG WR WKH VWDWH RI 5(67

) VWDWHYV LV KLJKO\ VLIJQLILFDQW S IR
6HO$SMXVW DV ) VWDWHYV LV KLJKO\ VLIJQLILFDQW S
LBXVSUHMHFWLQJ WKH QX0OO K\SRWKHVLV DQG DFFHSWL
FRQFHQWUDWY RORZBGH[Q D@WHMOB@\EX R HF R WDDNHIET W R
)L J W LV DQ LQFRQVLVWHQW UHVXOW DV VHHQ LQ
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$OSKD SRZHU LV LQYHUVHO\ UHODIMWWHDBOW R F RUWLHUW O [
DOSKD SRZHU IURP WKH ULJKW HOHFWURGH ZRXOG LQGLF
HOHFWURGH 6R KLJKHU )$$ LQGLFDWHY OHVYVY DOSKD SRZ



)$$ LQGH[ LV LQ DFFRUGDQFH ZLWK .52*0(,(5 &29(175<
ZRUN WKH LQWUD VXEWGEH ROFHHD YW IRRYGI U P\RUHWH Q J D J
VWDWH VLWXDWLRQ $OWKRXJK QR VLJQLILFOXWS7GLIIHUH
GLG QRW VKRZ WKH KLJKHU )$$ YDOXH WKH ODVW WZR W
WKDW GHPDQG PRUH BWORBIBXNYRY DOORFDWLRQ

5.3 ToPOPLOTS

yLJ VORAEAWDJIHG WRSRJUDSK\ RYHU WLPH 6XEWU
PHDQ VSHFWUXP 7KHUH LV QR VLJQLILFDQW VWDWLVWLFI
GHWDLOHG LQ )LJ

)LJ ([DPSOH RI (53 FRPSDULVRQ DQG %RQIHUURQL FRUUHF
VWDWHY FRPSDUHG DPRQJ WKHPVHOYHV WKURXJK WULDOYV

)LJ 7TRSRSORWV $00 (53FPNVRQHWDWKPHNDWH D@G WULDO $
@)LV UHSUHVHQWHG LQ WKLY DFWLYDWLRQ RYH



5.3.1REST

) LJ '‘"HWDLOHG 5(67 VWDWH RYHUWLPH IRU VXEWU
DFWLYDWLRQ VFDOH VKRZV WRSRWHQUWDLIMHOYD O XHV |

$W HDFK (53 VKRZQ LQ )LJ PWRHWKH WEMWH YPWHG @UH
QRWLFHG DW PV ,W KDSSHQV GXH WR ILIDWLRQ HYHQW



)L 'HWDLOHG 5(67 ,& FRPSRQHQWY DQG PDLQ FR
VSHFWUXP (DFK OLQH LV D FKDQQHO
,& FRPSRQHQWYV ZSIHB QDXOQVINVWHRLJ $00 ,& GHEFR
UHSUHVHQWHG JRRG YLVXDOL]DWLRQ RI WKH VLJQDO VH
DUHD IURP D VLQJOH HTXLYDOHQW GLSROH ZKHUH WKH
JRRG TXDOLW\ RI LQSXW GDWD DIWHU DOVR UHPRYLQJ
FKDQQHOV DQG ILOWHULQJ ZLWK KLJWSSRSDIRWRZ EDGIW"
,& FRPSRQHQWYV UHPRYHG VHHQ LQ )LJ LW LV SRVVI
YDU\ OHVV EHWZHHQ WULDOV DQG 7KH PDLQ DEWLYCE
DFWLYDWLRQ LV LQ WKH IURQWR SDULHWDO DQG FHQWUD
DFWLYDWLRQ DQG ,& FRPSRQHQWYV LQ WKH WULDOV UF
DIWHU EDG ,& UHPRYDO



)LJ 5(67 (53 DQG 6SHFWUXP DYHUDJH RI DOO FKDQQHO"

/JRRNLQJ DW DYHUDJHG FKDQQHOV (53 LWWY SRVVLEOF
LV VKRZQ )LJ $URXQG PV D QHZ ULVH LV XS WR KD

)LJ LPDIJH ZLWK HDFK IHDWXUH VWDFNHG RQ WRS

(53 LPDJH VKRZV LPPHGLDWHO\ DOO WKH FRPSRQHQW\
HDFK FRPSRQHQW )LJ

)LJ (53 RI LQGLYL5G&ET/AVEMIHORBIG\WQXPEHUHG WULD



3URQRXQFHG QHJDWLYH SHDNV FDQ EH5VHMWOLWQH) DQ(
yLJ

)LJ 5(67 6SHFWUXP DYHUDJH RI DOO FKDQQHOV IRU WULD
((* EDQG VKRZLQJ ORFDWLRQ Rl FKDQQHOV DQG UHODWHG DF\
VHHQ RYHU WKH VSHFWUXP DPRQJ WULDOV IRU HDFK ((* EDQG

WKHPVHOYHYV

JURP )LJ ELODWHUDO RFFLSLWDO DOSKD = PDLQO
PDLQO\ WULDO + DQG RFFLSLWDO FHQWUDO WKHWD + PLC
wWuLDO 1R VLPLODU RFFXUUHQFH KDSSHQV LQ WKH WULD



5.3.2SELAT

) LJ "HWOHOHE@DWH RYHUWLPH IRU VXEWUDFWHG PHDQ \
VFDOH VKRZV WKH DY HUYBRWHDAKHDW WU 506

$W HDFK WZR SRLQWV RI HSRFKV VKRZ®@WRUHJ R
DFWLYDWHG DUHDVY DUH QRWLFHG DW PV ,W KDSSHQV (



)L 'HWDLOHG 6HO$7 ,& FRPSRQHQWY DQG PDLQ FRQWUL
OLQH LV D FKDQQHO

*RLQJ WKUWRRIR SKMWHW EDG ,& FRPSRQHQWY UHPRYHG
LW LV SRVVLEOH WR QRWLFH WKDW ,& FRPSRQHQWY YDU
DFWLYDWLRQ LV LQ WKH RFFLSLWDO DUHD $OSKD DFWLY
SbULHWDO DUHDV DOVR VKRZ WKHWD DFWLYDWLRQ

)LJ 6HO$1(53 DQG 6SHFWUXP DYHUDJH RI DOO FKDQQHOV



/IRRNLQJ DW DYHUDJHG FKDQQHOV (53 LWPMD SRVVLEC
SHDN LV SURQRXQFHG DOWKRWWBOWHU)YMPDOOHU WKDQ

)LJ 6HO${53 LPDJH ZLWK HDFK IHDWXUH VWDFNHG RQ W

yLJ RI LQGLYLGND®IEWE QHIY QXPEHUHG WULDOV

1R UHOHYDQW SHDNV FDQ EH WNEB®@H Q)DQ\ FKDQQHOV



)LI 6HO$BSHFWUXP DYHUDJH RI DOO FKDQQHOV IRU WULD

((* EDQG VKRZLQJ ORFDWLRQ RI FKDQQHOV DQG UHODWHG DF\

VHHQ RYHU WKH VSHEFWUXP DPRQJ WULDOV IRU HDFK ((* EDQG
WKHPVHOYHYV

JURP )LJ ELODWHUDO RFFLSLWDO DOSKD * PDLQO

PDLQO\ wWULDO + DQG RFFLSLWDO FHQWUDO WKHWD += PC

WULDO 1R VLPLODU RFFXUUHQFH KDSSHQV LQ WKH WULI
VLPLODU EHWZVB GG/ OWIDWMR WKH DPSOLWXGH RI DFWLYDW



5.3.3SUSAT

) LI "HWeDOOWHWWDWH RYHUWLPH IRU VXEWUDFWHG F
DFWLYDWLRQ VFDOH VKRZV WRSRWHQUWDLIMHOYD O XHV |



) LJ "HWOXAVOHRGFRPSRQHQWY DQG PDLQ FRQWULEX
VSHFWUXP (DFK OLQH LV D FKDQQHO

*RLQJ WKUWRRIKR SWHAWHW EDG ,& FRPSRQHQWY UHPRYHG
LW LV SRVVLEOH WR QRWLFH WKDW ,& FRPSRQHQWYV YDU\
DFWLYDWLRQ LV LQ WKH RFFLSLWDO DUHD $OSKD DFWLYI
SbULHWDO DUHDV DOVR VKRZ WKHWD DFWLYDWLRQ PDLQ

)LJ 6XV$7(53 DQG 6SHFWUXP DYHUDJH RI DOO FKDQQHOV



/JRRNLQJ DW DYHUDJHG FKDQQHOV (3L WQ RURHIRK Q BRG C
DOWKR XJK FHROSFND MSHBVE/KADIDV H - ) L J

)LJ 6XW (53 LPDJH ZLWK HDFK IHDWXUH VWDFNHG RQ W

(53 LPDJH VKRZV PRUH |HDMX$RWK DYD WIKCHV R /&Y U LYW D

)LJ (53 RI LQGLY L6 DWOVBPRDH QORGVQXPEHUHG WULDO



/IRRNLQJ DW DYHUDJHG FKDQQM\QV SUBR QO RHIBFNMORRR Y& LQ
6XVWMWDWHYV )LJ

)LJ 6XV$76SHFWUXP DYHUDJH RI DOO FKDQQHOV IRU WULD
((* EDQG VKRZLQJ ORFDWLRQ RI FKDQQHOV DQG UHODWHG DF\
VHHQ RYHU WKH VSHFWUXP DPRQJ WULDOV IRU HDFK ((* EDQG

WKHPVHOYHYV

JURP )LJ ELODWHUDO RFFLSLWDO DOSKD +* PDLQO

PDLQO\ wWULDO + DQG RFFLSLWDO FHQWUDO WKHWD += PC

wuLDO 1R VLPLODU RFFXUUHQFH KDSSHQV LQ WKH WULI
VRLODU EHWBHGHQ @HWOMWBYR WKH DPSOLWXGH RI DFWLYDW






Xx . RU 7$% UDWLR LV D JRRG LQGLFDWLYH RI L
DWWHQWLRQ VWDWHV VXFK DV LQ /,0 <(2 <221
VLIQLILFDQWO\ LQ VWDWHYV 6HO$7 DQG 6XV$7 FRPSDUF

X GHIDUGLQJ WKH IUHTXH®RPHEMNDY HIHODW B @&/ W
DOORFDWLRQ LQ DQ ((* VWXG\ IURQWDOEDQHIV ZHUF
ZKLOH SDULHWDO RFFLSLWDO DUHDV ZHDBGWFWLYI
',0,75%$.2328/28W DO 'HOWD EDQG ZDV QRW HYDOXDW

X ,Q DQ ((* H{SSHULPHQW HYDOXDWLQJ EUDLQ QHW:
IXQFWLRQDO FRQQHFWLRQV EHWZHHQ )] DQG SDULHWE
IURQWDO WKHWD DFWLYLW\ ZDV IRXQG WR EH KLJKO!
',0,75$.2328/2BW DO ,W JRHV LQ DJUHHPHQW ZLWK W
DOSKD EDQG LQ )] EXW DOVR & FKDQQHOV $ERXW IUR
DUHD WKURXJK WKH DWWHQWLRQDO VWDWHV LQ WKLV

x SYRLG RYHUSURFHVVLQJ ((* VLJQDOV DYRLGLQJ L

X PSURYHPHQW RI DFWXDO IUHH YLHZLQJ DSSURI
DQDO\VLV DQG (7 GDWD

x 9DU\ PHWKRGRORJLHV WR VWXG\ DWWHQWLRQ I
FRQFHQWUDWLRQ VWDWHY EHVLGHV GLIIHUHQW FRJQ
UHVXOWY Rl DWWHQWLRQ DOORFDWLRQ LQ EUDLQ VLJC
$ SRVLWLYH HIIRUWOHVVO\ UHOD[HG PHQWDO VWDW

LQWHUDFWLRQ LQ %&,V DV DHWLPPDUNHKLV)DESURDFK L
DFFRPSOLVKHG XVLQJ WKH H[HUJDPH OLNH LQ WKLV VWXG

&RQVLGHULQJ WKDW WKH SDUWLFLSDQWfV PRWLYDWL
OHYHOV FDQ SOD\ D UROH LQ %KW SHW IR D PPV H B, (BE&Y
SDUWLFLSDQW FKDUDFWHULVWLFV ZRXOG LQIRUP ERWEF
H[SHULPHQWDO %&,V DQG GHVLJQ WHFKQLTXHV IRU IXWX
LQ WKLV VWXG\

,Q IXWXUH ZRUN LW LV LPSRUWDQW WR H[SORUH %&,
XQLYHUVLW\ RU GHSDUWPHQWDO VHWWLQJ ZLWK WKH JRI
VWURNH SDWLHQWY $ UHSOLFDWLRQ RI WKLV VWXG\ XVL
DOORZ OHDUQLQJ PRUH DERXW SDWLHQWVY H@BFDJHPHQW
LQWHUDFWLRQ 2WKHU VXJJHVWLRQV FDQ EH PDGH



X ,QWHU VXEMHFW )$$ FRUUHODWLRQV DQDO\VLV FD
LQGH[ DV VKRZQ LQ .52*0(,(5 &29(175< 0286%6

X $IROORZ XS VWXG\ FRXOG H[DPLQH H[SHULPHQWD
WRQGHUVWDQG WKH LQIOXHQFH RI HDFK FRPSRQHQW

Xx THVW LQ ' HQYLURQPHQWV  %(5*(5 '$9(/$$5
DWWHQWLRQDO FRQWURO LQ WKHLU %&, VIVWHP DQG G
OHDUQLQJ UDWH IRU LQFUHDVLQJ DWWHQWLRQ LQ Wi
HQYLURQPHQW

x 7TKH UROH Rl VRPH WRSRJUDSKLF HYDOXDWLRQV
UREXVW LQ WKH SUHVHQW VWXG\ DQG VKRXOG EH LQ"
FRQWULEXWHV WR WKH JRDO Rl SUHVHQWLQJ D QHZ Pt
FKDQQHOV IHD GIMWRNQREOMH LRQG P RAMGMRBE WLQW P\ DS
IRU UHKDELOLWDWLRQ ZKLOH LQYHVWLJDWLQJ H[SH
SDUWLFLSDQWY GXULQJ D 95 LQWHUDFWLRQ FDSWXUL

Xx &RQQHFWLYLW\ HYDOXDWLRQV DV ZHOO DV PHUJ
DOORZ QHZ RXWFRPHV WR DSSO\ LQ WKLV FRQWH[W
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